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PEEFACE 


rilHE second and concluding Part of the Eighth Volume (or Third 
Supplement) of this Dictionary brings the Becord of Chemical 
. Discovery down to the end of the year 1878, including the more 

impoi'tant discoverieeiwhicn have appeared in 1879 and 1880. 

The Author has the pleasure of acknowledging the assistance of the 

following gentlpmeii who have contributed Articles to this Part. * 

' • • 

H. E. Armstrong, Ph.D., F.R.S., Pro- 
fessor of Chemistry at the London 'fhsti- Isomerism. — Naphthalene. — Circular Pol- 
lution . . . . . • arisation (in part). 

James T. Brown, Esq., F.C.S. . . . Vapour-density. 

"W^iLTBB Flight, Ph.D., of* the Mineral 
Deparimentt British Museum . Meteorites. 

G. C. Foster, B.A., F.R.S., Professor of 
Physics at University College • . Thermodynamics. ^ 

G. F. Rodwbll, Esq., F.C.S., of Marl- Effects of Hpt on the Haloid Compounds 
borough College, Wiltshire , . . of Silver.^VoIcanic Products. 

Arthur SchustbIi, Ph.D., F R.S., of St, 

John's Chllege, Cambridge . Spectral Analysis. 

T. E. Thorpe, Pii.D., F.R.&, Professor 
of Chemistry in the Yorkshire College of ^ 

ScUnce, Leeds Specific Volumes. — Water. 

R. WARikoTON, Esq., F.C.S. « Nitrification. 
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CrAKACTOSE. See Sugars. 

GAKEirA. Soo Lkat) SuLFiiruR/ 

GAEEZe ACZB. Trioxyl^izoic acid, C^H«05=iC®II''‘(011)=‘C0“II, probably 

: 2 ; 4 : 5 (00*11 in 1), KOG p. 292. — ^This acid is formwl by the action of molting 
potash on di-iodosalicylie, di-iodoparaoxybenzoic, broraoprotocatechuic, and mouo- 
bromodioxybenzoic acids (ilarth a. Senhofer, DcaiI, Chem. Ges. Her. viii. 764, 1477). 

(Jallic acid, like salicyli#, oxybenzoic, paAoxybenzoic, and protocatechiiic^cid, is 
completely oxidised by chromic Jicid mixture, with rtipid evolution of carbon dioxide 
(liemson, Sill. Am. J. [3], v. 354). Dly gallic acid, triturated in a mortar with dry 
powder of potassium perraangftnato, takes firo and gives, out sparks ( Bottger, 

Ajin. JiiMM. l^T^pldd), ^ 

A mixture of gallic and Ijenzoic acids, treated with fe^phuric*acid, yields a com- 
pound, C'^H"OS which is also formed by the action of sulphuric acid on a mixture of 
pyrogallol and phthalic anhydride. Thin compound is oxidised by nitric acid, yielding 
phtlmlic acid. By oxidation with sulphuric j^cid and manganese dioxide, it is con- 
verted into purpurin, and l^y reduction with sodium-amalgam into alizarin. Hence it 
appears to be a tri-hydroxyl-anthraquiuoiio {anthragallol), 

• C“H"(P = C*H‘<^p>C»H(OH)’, 

the throe hydroxyls being probably in the relative positions 1 ; 2 .' 3 (Seuberlich, 
J)cut. Chem. Ges. Her. x. 38). 

Gallic acid heated with excess of bromine yields tribromopyrogallol, 

; by potassium chlorate and hydrochloric acid it is converted into iso- 
trichloroglycoric acid, C*H“C1“0'‘; and by the action of potassium perman- 
ganate, or its solution in cold water acidulated with sulphuric acid, into a condensa- 
tion-product, 0**ir“0® (pp. 292, £93). * 

On its reaction V^ith potassium arsenate in contact with the air, see p. 292. 

GAZiliZUM, Oa. Atomic Weighty 60’865 (Leooq de Boisbaudran, pompt. rend^ 
1876, Ixxxi. 493, 1100; 187di Ifxxii. r036* 1098; Ixxxiii. 611, 663, 824, ^044; 
^idl. Soc. Chim. [2], xxv. 521; xxvi. 433; Ann. Chim. Thysg [6], x. 100-140; 
Jjocoq de Boisbaudran a. Jungfleisch, Compt. rend. Ixxxvi. 677 ; A. i)upr6, ^'2(7). 
A m9tal discovered in August 1876 by I)o Boisbaudran, in a zinc-blonde from 
mine of Pmrrefitte in the valley of Argol6s, Pyrenees ; found also in blendes fronv 
other localities, especially in the black blende of Bensberg, and the yellow trans- 
parent blende from Asturias. To separate it, the mineral, according to its nature, 
is dissolved in nitrohydrochloric, hydrochloric, or sulphuric acid ; plates of zinc are 
placed in the solution, till the dis^gslgement of bydrocen becomes slow, but is still 
perceptible, by which means the greater portions of the ^pper, lead, cadmium, iridium, 
thallium, silver, meiepy, selenium, arsenic, &•., contained in the ore aire precipitated ; 
the cl^^ filtered liquid is ligated with a large^excess of zinc ; the resulting gelatinous 
precipitate, consisting chiefly of alumina, basic salts of zinc, and finally gallium, is 
redissolved in hydrochloric acid ; and the solution is again heatad with zinc, whereby 
a second gelatinous precipitate is obtained, in which the gallium is concentrated in a 
^ass of smaller bulk. Thi0 precipitate is redissolved in hydrochloric acid; the 
solution is treated with hydrogen sulphide ; ^and the filtered liquid, after expulsion of 
the hydrogen sulphide, is fractionally precipitated with ammonium carbonate, till the 
solution of the resulting precipitate m hydi^hloric acid no longer givet^ny indication 
Zrd Sup^ -SI. X 



GALLIljlff. 

flSf the pTesence of *gallmin \vheii examined by\^e spectrlscope To com- 

plete the separation of the zinc, the precipitat^ hydroxraM and basic salts are 
dissolved in sulphuric acid, and the solution is cantijuisly cTaporated till the whole 
or nearlylthe whole of the free sulphuric'acid is expelled ; the residue, after cooing, 
is digested with water till it is dissp^cd ; flhe nearly neutral solution the sulphate 
thus obtaini is heated to boiling? the basic gallium siflphate thi^reby precipitated vs 
filtered oA hqk and dissolved in a small quantity of sulphuric acid ; the solution is 
treated wdtha slight excess of potash, which first precipitates and then r 9 (^ssolves 
the galliuJh oxid^and tlRs oxide is precipitated from the alkaline Solution by a 
sfcroam of carbon ^fetido. finally the gallium oxide is redissolvcd in the smallest 
possible quantity of sulphuric acid ; the solution is miked with excess of slightly acVl 
ammonium acetf^^e ; hydrogen sulphide is passed into the liquid ; the filtered atetic 
sofhtion<s diluted with wat er and heated to boiling, whereby the greater part of ^he 
gallium is precipitated as oxide ; this precipitate is filtered off ^lot, washed witlf 
boiling water, and rodissolvod in sulphuric acid ; and the solution is mixed with a 
slight excess of potash, and filtered, whereby a pure alkaline solution of gallium is 
obtained. 

Metallic gallium is prepared bw tho electrolysis this alkaline solution, 
platinum electrodes being used, and the positive electrode being larger than the 
negative, on which the gallium is precipitated. A Bunsen’s battery of five or six 
ordinary-sized pairs is sufficient for the electrolysis of 20-30 c.c. of the strong alkaline 
solution. The precipitated gallium is easily detached by dipping the platinum plate 
into warm water, and bending it backwards and forwards, or pressing it between tho^ 
fingers ; it may be purified by immersing it for half-an-liour at 60°-70‘’ in dilute’ 
nitric acid free from chlorine. 

Gallium thus precipitated forms a clofoly adherent layoj, somewhat whiter than pla- 
tinum, liard, and acquiring a good polish by pressure. When the strength of the current 
is properly regulated, the metal exhibits a fine, dkll, silver-white surface, full of shining 
pointJli consisting of microscc^pic crystiils. It molts at 30*16°, and therefore at the heat 
of the hand, and may remain for weeks in astatoof surfusioii even 4 t tempeiatures near 
0®. In the liquid state it Jjas a fine silvery whiteness, •but on touching its surface 
with a small piece of solid gallium, a spot is formed which rapidly extends, the 
change being due to the crystallisation of tliw metal, which in solidifying acquires a 
decided bluish tinge, with diminished l^istre. Distinct crystals may bo obtained by 
dipping into the fused metal, cooled 10°-15° below its melting point, a piece of 
platinum with a particle of solid gallium attached to it. In from 3 to 10 seconds 
octohedrons form, modified at the summit by traces of the base OP. If these crystals 
are not directly removed, the metal becomes heated nearly to its molting pt^int, 
solidification is retarded, and the basal face is so much Vlevolnped that largo tables 
are formed. The cVysUils are brilliant, but difficult to measure on account of their 
faces being slightly rounded. Gallium is har»l, but nevertheless loaves a bluish-grey 
trace on paper. It has but little malleability, spreads under the hammer, and 
acquires the polish of the anvil, but soon becomes brittle and splits at the edges. In 
small bar.s it exhibits a remarkable degree of solidity, even at a temporaturo ap- 
proaching its molting point. In thin .sheets, which may bo formed ])y fusing the 
metal between hot glass phitos and detaching it under water after cooling, it can be 
bent several times at a sharp angle witliout breaking. MolVod gallium readily 
adheres to glass, forming a mirror whiter than that produced by mercury. It 
preserves ills lustre in the air, even a laboratory, and in water free from air, 
but slowly tarnishc^ in ordinary water. * 

The specific gravity of gallium is 5'935 at 23° and 6*956 at 24*6° referred to water* 
at the same temperatures. 

^ Gallium heated to bright redness in contact with the air, oxidises merely on the 
surface, and does not volatilise. It dissolves in hydrochloric add at ordinary tem- 
peratures, and more rapidly when heated, with c^songagement of hydrogen. It is 
not sensibly attacked by nitiic add in the cold ; but with the aid of heat it dissolves 
slowly, with evolution of nitrous mpours. A^cous potash dissolves it slowly, with 
evolution of hydrogen. • 

Spectrum of ^ Gallivm , — When indvetion-sparks 1^ to 2 mm. long are passed 
between a positive external conductor ^nd a negative s^ution of a galliadP salt, a 
spectrum is produced containing a brilliant violet line (a) at 417 on the scale of wave- 
lengths, and a faint b?.nd (fi) fit 403-1. In a gas-flame gallium shoifs only the line 
o, and even this is very faint and fugitive. * 

Jicactions o f G alliuin Salts, — 1. Metallic does not precipitate gallium 

from acid solutions of its chloride or aulpl?ate, but as soon as the solution has become 
l>asic, and the evolution of hydrogen very slow, the gallium is thrown down as an 
oxide, or mor^pobably a basic salt, in white flocks mixed with basic salts of wnc . 
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iw#salt of zinc which prdcipitates the gallium; 
.$e, it is sufficient to heat the solution of zinc 


chloride containing gallfem lill|ft gives off hydrochloric acid and becomes basic ; the 
higWy .concentrated solution may then still appear limpid, but on diluting 4 largely 
with water, it dli)osits zinc oxychloride miked y^h gallium. The ppocipHation of 
gallium by zinc is slbw at ordiAaiy temperatures, ndt being completed for three weeks 
or a month when large quantities of solution are operated on, but at the f#)^jling heat 
it is coi^j^eted in a few hours. 2. Cadmium docs not precipitate a solution of zinc 
chloride rich*in gallium, even after long boiling. ^ • 

• 3. Ammonia in excess forms a precipitate in gallium solution^^ut a considorabie 
proportion of the gallium is rodAsolvod ; and if the precipitate he dissolved in hydro- 
chldfic acid and ammonia again added in excess, the whole of the gailium remains in 
l^e* ammoniacal solution. Grallium oxide appears to be more soluble in iftnmonia 
than alumina, for^jn repeatedly treating a mixed solution of the chlorides of the two 
mebils with excess of ammonia, tlie first solutions obtained afe rich in gallium, w’hile 
the last precipitates contain nothing but aluminium. On adding ammonia drop by 
drop to zinc cliloride containing a little gallium, the gallium is precipitated before 
the zinc, and quickly becomes concentraffed id the first dopositit, only an inappreciable 
quantity of it remaining in the mother-liquors. 

4. Ammonium Carbonate appears to act like free ammonia. 

b. Fixed Caustic Alkalis. — A small quantity of potash precipitates gallium oxide, 
and then acts like amn^onia ; hut the precipitate is extremely soluble in' ^cess of the 
alkali. 


6. Alkaline Carbonates. — Carbonic acid precipitates gallium oxide from its solution 
in potash. Sodium carbonf^o precipitates gpllium from the solutions of it!» salts, 
whether cold or warm. At boiling heat, a very small quantity of sodium carbonate 
forms in gallium salts a thick precipitate, which rcdissolves on cooling : this effect is 
due to the decomposition of neutral gallium salts by hot water, and the roconibinn- 
tion of theif constituents as the liquid cools. When a sofution of zinc chloride con- 
taining gallium' is fractionally* precipitated* with sodium ^arbonatQ, the greater part of 
the gallium is found in the earlier precipitates. In a mixed solution of gallium and 
aluminium also, the gallium is found chiefly in the earlier precipitates, but the sepa- 
ration is loss complete than in the case of ziqp. 

7. Acdic acid. — Gallium is not precipitated from the slightly acid solutions of 

its chloride or sulphate by acid acetate of ammonium, but on heating the- liquid, 
gallium oxide is thrown down ^ white gelatinous flocks, and does not rpdissolvc, evesn 
at flie boiling heat, except in presence of a considerable quantity of acetic acid. 
Nevertheless, if a large qutAtity of acid ammonium acetate or acetic acid be added, 
the liquid, when heated, will remain limpid. Neutral sulphate of gallium becomes 
turbid at ordinary temperatures when treated with a small quantity of acid ammonium 
acetatq; but, on adding a large quantity of that reagent, the liquid becomes clear, and 
is no longer procipitiited on boiling unless diluted with water. An ammoniacal 
solution of gallium chloride or sulphate is precipitated, whether cold or warm, by an 
excess of acetic acid, unless the liquid is very dilute, or the quantity of acetic acid 
added is very large^ • 

8. Hydrogen Sulphide. — Slightly acid solutions of gallium chloride or 'sulphate are 
not precipitated by hydrogen sulphide, even in presence of acid ammonium acetate ; 
but in slightly acid solutions if zincr chlofide containing gallium, a* considerable 

• proportion of the latter metal is thrown down, together with tho^zinc sulphide. The 
precipitation of the gallium takes place more easily, but is by no means complete, if 
the Solution, rich in zinc, bo supersaturated with acid ammonium acetate. If the 
quantity qf zinc in the solution is not sufficient to carry down all the gallium at tb/) 
first precipitation, more zinc-salt must be added by small portions, till the precipitates, 
when examined by the spectroscope, no longer exhibit the line 6a a. 

In a mixture containing a lar^ quantity of zinc chloride, together with the 
chlorides of indium and gallium, frictional precipitation with hydrogen sulphide in 
presence of acid ammonium acetate gives successively: (1) A large quantity of 
indimm a moderat# quantity of zinc, and traoes of gallium. (2) A moderate quantity 
of indium, much zinc, anS a notable quan^ty of gallium. (3) Traces of indium, 
much zinc, and a notable quantity of gallium. 

9. Ammoniem Hydromlphide precipitates gallium 4n presence of zinc salts, both 
from neutral and £rom ammoniacal smutions, and does not redissolvo it when added 

»in excess, unless the quantity of zinc is so small as to be itself redissolved. When a 
neutral or slightly acid solution of zinctand gallium is treated with ammonium 
hydrosulphide containing fr^ ammonia, the gallium is concentrated in the first 
precipitates of zinc sulphide ; bub, if the solution of zinc and galliun^s ammoniacal, 
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the gallium becomes concentrated in the later precioil <tes. .Alnmoninm hydiosnlphide 
does not precipitate the ammoniacal solutions ^oride or sulphate of 

gallium. 

also 

ofFoctfid by fractional preeipi 

quantity m fine being procipititod together with the gallium. 

11. Po^ftium Fcrrocyanide gives a yellow precipitate with strongly %cid <jclutions 
of gallium chlorid^ 

Alloys of Aluminium and Gallium. The illloy obtained when excess of 
aluminium is hesjjbed witli gallium to a dull red heat remains quite brilli<ant,G.nd 
doftj not oxidise readily during its preparation. It decomposes water at the ordinary 
temperature, but more readily at 40% Avith formation of a bro’^fii powder, whicif 
subsequently becomes changed into white flakes of alumina, almost the whole of 
the gallium being liberated, apparently free from aluminium. Tli^ slow evolution of 
hydrogen from this alloy, is increased by contact with a globule of liquid gallium, 
an electric couple being^ormed. • • • 

Aluminium and gallium also form liquid and pasty alloys, wliich oxidise slightly 
in the air, hut decompose Avalor readily. The liquid alloy, when touched with a piece 
of solid gallium, crystallises in a manner similar to metallic gallium, but it then no 
longer readily decomposes water (Lccoq do Uoisbaiidran, Compt. rend, Ixxxvi. 1204). 

Gallium Cblorlde, GaCl®. Chlorine strongly attacks gaflium at ordinary tem- 
peratures, forming a nearly colourless crysUillino chloride, which is very fusible, 
easily volatile, and absorbs moisture from the air (Lecoq do lloisbaudran a. Jungflcisch). 
The same compound is formed by dissol^ng gallium in hydrochloric acid. It is ex- 
tremely soluble in water, and d(‘liquescont. The residue left on slowly evaporating 
its solution absorbs moisture from the air, anfl liquefies, forming a limpid syrup, 
which remains clear on additfon of a very small quantity of cold water, but yields 
with a larger quantity a copious Avhito precipitate — dmil^less an ftxychlorldo -which 
collects quickly at the bottoxf of the vessel, rcdissolves slowly in cold dilutee hydro- 
chloric acid, more quickly Avhon the liquid is heated. If a very small quantity of 
hydrochloric acid be added to dried gallium clftoride, the compound dissolves in cold 
water, forming a solution whicdi bocor/res turbid when heated and clear agaifl on 
cooling. A slightly acid solution of the chloride evaporated at a gentle heat deposits 
needles 'and crystalline scfilcs which act. strongly on polarised light. 

Repeated evaporation of solutions of gallium salts^pfitli excess of aqua regia is not 
attended with any loss of gallium by volatilisation of the^hloride (Do DoisbaueJran). 

Bromide. The action of bromine on gallium is less energetic than that of 
chlorine; nevertheless it commences in the cold, with disengagement of heat. The 
bromide is white and crystalline ; less fusible and volatile than the chloride ; deli- 
quescent (De Boisbaudran a. Jungflcisch). 

Iodide. The combination of iodine with gallium takes placo loss quickly than 
that of chlorine or of bromine, and requires the assistance of a gentle heat. The 
iodide is cry/stallino, and would doubtless bo colourless if quite pyre ; but it is apt to 
retain traces of free iodine, and moreover decomposes partially when somewhat 
strongly hea^. It is fusible and volatile, though loss so than the bromide : its 
boiling point is higher than that of iodine, from whiph it may bo separated by distil- 
lation in an inert gat. It is deliquescent (De Boisbaudran a. Jungflcisch). • 

Oxides. Gallium, when boated to bright redness in contact with thoi air, 
oxidises, as already ohserv(?d, merely on the surface. In pure dry oxygen, no porcop- 
{Tble oxidation takes place at 260° ; but at incipient redness, the metal b^ns to lose 
its lustre, and becomes coA^ored with a very thin bluish-grey film; at a bright-red 
heat the coating bf oxide becomes more distinct, but it then protects the metal from 
further action ; the oxidation may J^owevor boisomewhat facilitated by agitation of 
the liquid metal. A small quai tity of the oxide thus formed collects as a sublimate 
on the cooler parts of the tube. ^ - 

A more definite product is obtained by ignition of the titrate (p. 845). TKs salt, 
heated to 200° in a current of dry ail, decomposes with intumescence, giving off 
nitrous fumes and hwiying a A^hite fritted, very friable mass of oxide. The loss of 
weight sustained by tile nitrate amounts to 63'^ per cent., which is exactly that which 
should be sustained by a salt having the composition Ga(NO*)® or Ga*0*.3N*0*, when 
completely resolved into .nitric anhydride and sesquioxide,* supposing the atomic * 
weight of gallium to be 69*865. ^ 

The sesquiojrido heated to cherry-redness in a current of pure dnr hydrogen, partly 
sublimes undeo^posed, and is partly reduced to a bluish-grey fritted substance exactly 
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like that which is fomid by the direct oxidation of gallium. This lower oxide dis- 
solves in nitric acid without ovojpion of mtrous fumes, and in dilute sulphuric acid 
without evolution of hydrogen jnt is theretOTe free from metallic gallium, and probably 
confflsts of the monoxide, it reduces ^tassium permanganate. At a{)rightred 
heat the oxide ji partly reduced to the motdilic t^a^o. * # 

• Wltrate, Ga(N&*)®. The*strongcst nitric acuf (sp. gr. 1*62) free fro^ nitrous 
vapours scarcely attacks gallium at ordinary temperatures, but at the action 

takes p\p«o and goes on regularly, with formation of a grey deposit which t^es a long 
time to dissolve. On evaporating the solution to dryness, and hq^ng the residue to 
1.10®, it partly decomposes ; and on dissolving the unaltered por'jion in water, aiRl 
cH^aporating the filtered solutiiJli over the water-bath, the nitrate is obtained as a 
whilb, compact, very deliquescent mass, which exhales the odour of» nitric acid, ^y 
^vj^Joration in a dry vacuum or in a stream of tlry air at 40°, the water aift excess 
of nitric acid aife expelled, and the pure nitrate is obtained. At higher tem- 
peratures it is completely decomposed, leaving a residue of sesquioxide (Dupre). 

Sulphates, ^he sesqtiisulphate or Gallic stdj)Iiate, Ga^(SO^)® [mode of prepara- 
tion not described], is no>-deliquesccnt^,but^mry soluble in water. The concentrated 
solution is syrupy. A perfectly neutral solution is decomposed by boiling, very little 
gjillium remaining dissolved, provided the solution is sufficiently diluted. On cooling, 
the precipitate dissolves completely. Dy slow evaporation, or by the cooling of a 
strong soliltion, tho sulphate is obtained in soft nacreous scales, sometimes grouped 
in stellate or radiate masses. It dissolves in alcohol of 60 per cent., but is insoluble 
ill ether. On evaporating an acid solution of the sulphate, and drying tho residue 
till it ceases wliolly or nearly to give off white vapours of sulphuric acid, tho salt 
does not lose its solubility in water or in wc^ alcohol, but it takes some time*to dis- 
solve (Do Boisbaudran). * 

Tho salt obtained by dissolving i-lie lower oxide of gallium in dilute sulphuric 
acid reduces potassium pormayganato (Dupre). » 

Gallii^m^ami^onium Alum is obtained by slow evaporation of an acid solu- 
tion of gallic sulphate neutralised with ammonia, or by mixing tlip solutions of gallic 
sulphate and ammonium sulphate, and evaporating. It crystallises in cubes with 
octohodral facets, or in octohedrons with cubic facets, having exactly tho appearance 
of ordinary alum, and capable, like tho lattey*, of forming supersaturated solutions 
which solidify instantly when touched with a small crystal of tho salt. A strong 
solution of the alum becomes slightly turbid when boiled, but clear again on cooling. 
Very dilute solutions when boiled yield a copious precipitate, probably a basic salt, 
andif the liquid bo filtered wftile hot, only a trace of gallium remains dissolved. 
The precipitation on boilingfis prevented by tho addition of a drop of sulphuric acid, 
or of a certain quantity of acetic acid (Locoq de Boisbaudran). 

jUtomlo Welfflit and Quantlvalenoe of Gallium. The existence of the 
alum jyst described shows that gjillium is analogous to aluminium, forming a sosqui- 
oxide Ga*0*, a trichloride GaCP, &c. &c. This being established, tho atomic woiglit 
of tho metal may he determined by tho analysis of the alum or of the nitrate. Now (a) 
3-1044 grams of tho alum gave on ignition 0’5885 of sesquioxide, whence may bo 
deduced for galliuq^ tho atomifj weight 70*032. ($) 0-4481 grams of tho metal 
yielded, by conversion into nitrate and ignition of that salt, 0*6024 grams of oxide, 
which gives for gallium the number 69*698. The moan of these results, 69*865, may 
be taken as a near approximation^ to the truA value (Lecoq de Boisbaudran, Compt 
^end. Ixxxvii. 941). g 

The specific heat of gallium between 12° and 23°, as determined by Bertholot 
{CoTitpU renid. Ixxxvi. 786), is 0*079, which, multiplied by the atomic weight, gives 
the product 5*52, a number not differing greatly from tho mean value (6*4) of th*? 
atomic heats of tho metals. The specific heat of liquid gallium, between 106° and 
119°, is 5*59, differing therefore bnjb slightly from that of the solid metal; in this 
respect gallium resembles mercury, bi|(nuth, and some other metals. 

Mendelejeff((7o97^p^. Ixxxi. 9o9) points wt that, according to the periodic 
relation which has been shown to exist between the ch Jlnical functions of the dements 
and their atomic weights {2nd SuppL 462), there should exist an element intennediate 
betwee^luminium (27) and indium (113). This element, which he designates as 
eJccduminium, should have the atomic weight 68, and specific gravity 5*9 ; should be 
easily reducible, precipitated by hydre^en sulphide mo»e readily than zinc, precipi- 
tated also by barium carbonate, and recognisable by the spectroscope. Those properties 
ffHQ reganled by Mondelejeff as sufficiently near to those of gallium to justify the 
conclusion tftiat the latter is really the susp^ted ekaluminium. 

De BoisWdran, on the other hand, while admitting the great importance of the 
relations suggested by Mendelejeff, points out that the properties of g^ium are not 
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in all respects intermediate between those of alunMnium aid of indinm : thus the 
sesquioxide of gallium is more soluble in ammb^ than^either indium oxide or 
alumina, which in fact are nearly insolubl|> in that rcj^^ent. Moreover gallium oxide 
is precipitated by sodium' carbonate before alumina and likewise before indium 
oxide.! The extreme fusibility of gfry»ium(ilso is difficult to reconcile Vith the degree 
of fusibility which it should exhilTit according to the tiieory in qflestion (Ann, Chin^ 
Phys, 138). 

OARBSirnr. A neutral substance obtained by Stenhouse in^ 18£( {Phil, 
Trans, cxm. 166) from dekamali gum, a resinous exudation from Gardenia ludda 
(f . 627), and furtkor examined by Stonhouso a. Groves ((7Acw. 8oc. J, 1877, i. 651). 
It is extracted from the rosin by boiling with alcohol, and separates on cooling ifi 
loqg, light-yellow needles, which must bo washed with cold spirit to purify them ffom 
an amorphous greonish-ycllow resin wMch forms the ^oater portion of tlie dekanfhli 
gum, then repeatedly crystallised from alcohol, agitated several ^timos with light 
petroleum to remove a colourless fatty substance, and finally purified by alternato 
crystallisation from hot benzono and from alcohol. r 

Gardenin thus purified forms brilliant doep-yellow crys^ils, molting at 163°-1G4'-. 
When dried at 100°, it gave by analysis *6 1*91 per cent, carbon and 5‘45 hydrogen 
(mean), agreeing nearly with the empirical formula It is decomposed 

by boiling with nitric acid, but does not yield picric acid. Its solution in 30 parts of 
boiling glacial acetic acid, treated, after cooling, with nitric acid of specific gravity 
1*45, yields gardenic acid, a non-azotised crj^stiilline substance, which melts at 
236°, is insoluble in water and in dilute acids, but dissolves readily in alkalis, and is 
roprecipitated therefrom by acids. It is very slightly solublo in boiling spirit, more 
soluble in glacial acetic acid, from which it separates in the crystalline state. 

GAXITET. A. v. Lasaiilx {JahA. f. Min, 1875,* 149) describes crystals of 
garnet from Geyor in Saxony, exhibiting, ^gether with oo02, the form ooOJ, 
hithtfto observed only in garnets from Auerbach on tlys Bergstrasse. According to 
A. Wichmann {Pogg. Ann, divii. 282; Jahrb,f, Min, 1876, 198; ^hem, Soc. J, 1876, 
ii. 61, 178), the dark-colourorl massive ganet, called alU^chroitCy is partly amorphous 
and partly possesses doulfle-refracting structure, as formerly observed by Bes 
Cloizoaux in grossularia. . 

The following are recent analyses of garnets : (1-3) occurring in the eclogitos of 
Upper Franconia (p. 703). 1. Ljirgo distinct garnets from Eppenreuth near Hof. 

2. Large garnets, seldom crystallised, from Silborbach, near Conradsreuth. 3. Garnet 
in very numerous grains from Falser Hohe near Markt Hchorgast (E. v. Gerichton, 
Liebig^ s Annedenj clxxi. 183). (4-6). Red garnet A’om the serpentine of Zol^Utz, 
Groifendorf, and Waldheim in ►Saxony (Ijemberg, Zbitmhr, geol. Ges, xxvii. 531). 
7. Spessartiu, from S. Marcel, in Piedmont, whero it occurs, together with marcelin, 
piedmont! to, red mica, and quartz, in light-yellow, seldom orange-yellow crystals, 

oo 0.202, the nucleus of which often consists of marcelin; sp. gr. =4*01 (Pisani, 
Comyt, rend, Ixxxiii, 167). • 



SiO» 

A1»0* 

Fe^O* 

FoO 

MnO 

CaO 

MgO 

n»o 


1. 

43*37 

23*13 

— 

14-63 

0-98 

13*48 

4*78 

— = 

100*37 

2. 

43*16 

23*04 

— 

14-60 

0-91 

13*5d 

6*05 

:-.r 

101-30 

3. 

41*45 

16*15 

11*50 

12-40 

0-91 

10-51 

8*36 

— 

101-28 

4. 

39*62 

22-96 

10*96 

— 


4*40 

21*24 

0*82 = 

100 

6. 

4(f60 

22*70 

9*34 

— ( 

1 — 

4-23 

21*47 

1-66 = 

100 

6. 

40*44 

23*11 

9*96 

— 

— 

4-fJ2 

20*70 

]*47 = 

100 

7. 

38*50 

lfi*40 

2*70 

— 

34*25 

6*87 

— 


99*72 


On the garnet-olivine rock of the Saxon Granulito District, see Dathe ( fahrb, 
f. Min, 1876, 326 ; Chem, Soc, J, 1876, ii. 387). c 

OASES. Absorption by Metals.— The solution of gases in iron, steel, and 
manganese has been investigated byTroost a. fiautofeuille (Ann, Chim, Pkys, rsi 
vii. 166) with the following result^: W 

1. Cast-iron kept in fusioii in contact with silica or silicates, evolves carbon 
oxide resulting from the action of iron carbide on silica, the imn, consequently, be- 
coming poorer in carbon and richer in silicon. 

2. Melted cast-iron dissolves considerable quantities of hydrogen, the solubility of 

the gas being diminished by the presence of silicon, and much increased by the 
presence of manganese. • 

3. Carbon oxide, is much less soluble than hydrogen in the different varieties of 


, analyaed gardenin (Pharm, J. Trans, [3], vil. figg), assigned to it the for- 
mula but as his product was purified merely by repeated crystallisation from snirit it was 

probably bUU contaminated with the fatty 8Ul«tsnce above mentioned. ' 
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cast-iron. Its solubility|^s dimimshed or even annulled by the presence of man- 


4, Pig-iron, after cooling, i;^;tains gases ^which may bo extracted by heating the 

inot(|l to a temperature not exceeding 800" . Hydrogen is always more ^buudanfc 
than carbon oj^e, both in the solid and tile fu^c4 metal, and is more piSrsi^ently 
retained by the metSl. Manganiferous iron retains Jhoro hydrogen than does ordinary 
cast-iron. • ^ 

5. Sj^l dissolves loss ps than cast-iron, hydrogen predominating over carbon 

oxide, and betng more forcibly retained by the metal. • • 

. 6. Soft iron, on* the contrary, dissolves more carbon oxide SlK^n hydrogen, an<i 
ntains it more forcibly. * 

Ik Finely-divided pure iron, deprived of gases, decomposes wattjp slowly at the 
ordinary temperature, and rapidly at 100^, this decomposition being more i«.pid The 
finer the state of <livision of the iron. 

The solubility of carbon oxide in cast-iron, malleable iron, or steel, may be esti- 
mated by the acti(^ of moist mercuric chloride in a vacuum at ordinary temperatures. 
By this mode of proceeding it is possible to determine the limit of temperature above 
which the gases taken up by the iron are partly duo to chemical reactions. 

Absorptwn hy Saline Solutions . — The absorptive powers of solutions of the 
chlorides of ammonium, potassiimi, sodium, barium, strontium, and calcium for 
carbon dioxide have been determined by J. J. Mackenzie {Ann, Pkys, Chem, [2], i. 
438) with the following general results : 

(1). Saline solutions absorb less carbon dioxide than an equal volume of water. 
(2) The volume of gas absorbed decreases as the concentration of the solution in- 
creast.'s. (3). Different solutions possess different absorption-coefficients. The 
absorption-coefficient for pc4assiiira c]iloride,fiiko its molecular weight, lies iTctwoen 
those for sodium and ammonium chlorides, and that of strontium between those for 
barium and calcium chlorides. (4).*Tho coefficient varies with the temperature 
.almost in the same manner asffor pure water. • * 

The absorption •f carbon dioxide by sulphuric acid and its mixtures with 
water, at 17°, has boon investigated by J. Setschenow (fVers6. A^ad. Bull, xxii. 102). 
The absorption-coefficient of undiluted H*SO< (0’932) is so near to tliat of wat,er 
([0*9519 at 17®, according to Bunsen)? that there can be no doubt of the actual 
identity of the two. By dilution the absorption-coefficients are diminished, very 
rapidly at first, the minimum value 0'6GG being attained at H^SO^ + beyond 

which the coefficients increase slowly on further dilution. 


piffasion of Case s.** J. Clerk Maxwell {Phil. Mag. [4], xlvi. 453) has 
studiod the phenomena of j^aseous diffusion in connection with molecular movement. 
According to the mechanical theory of gases (iii. 131), this movement of the gaseous 
molecules goes on in air apparently at rest, as well as in gases which are diffusing 
one into the other. This movement of the molecules in a stratum of air cannot of 
courseibo observed directly, but its existence may bo inferred from the following 
considerations. When a horizontal stratum of air moves onward, the molecules 
which diffuse out of it into the strata immediately above and below it, endeavour to 
impart their horizontal velocity to the molecules of these other strata, while the 
molecules which difiKiso from the latter into the moving stratum tend to retard its 
motion and bring it to rest. This mutual action of contiguous gas-strata is similar 
to the friction of two rough surfaces, one of which slides over the other, and to the 
internal friction of liquids called* viscosity. It is, in fact, only another kind of dif- 
fusion, namely, a lateral diffusion of Tnmnentumy and the relative values of the 
friction of different gases may bo deduced from observations on the so-called tran- 
spiMftion of gases through narrow tubes, while the absolute values are deduced from 
Meyei^s observations on the oscillation of horizontal discs in gases {Pogg, Ann. cxliii. 
14; Jdhresh.f. Chem, 1871, 44). 

Another method of demonstrating the diffusion of molecules in still air is to warm 
the upper layer and observe the proportion in which the heat thus imparted is com- 
municated to the lower layers. This is, in fact, a fhirdjdnd of diffusion — the diffusion 
of energy. 

Aiy^hree kinds Gf diffusion, viz. diffusion 9f maitef^ diffusion of momentum (fric- 
tion), and diffusion of energy (heat-conduction^, are brought about by the movement 
of the molecules. The greater the velocity of the molecules, and the farther they 
travel before their course is arrested by collision with other molecules, the more 
rapid will be the diffusion. As the volocity of the molecules is known, it is possible 
^ calculate, from Loschmidt’s experiments on diffusion {^nd Suppl. 542), the average 
distance traversed by a molecule before it strikes against another, or the mean path 
between two collisions, and thence also the number of collisions which each molecule 
experiences in a second of time. 
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1 I 

MoUcvHar JicIations\ 




Mean velocity at 0° per second in tnetors . 
Meanpaftifn,„^ mm. . 

Number of collisions in millions per second 
Diametortf mole^o in nm. . 





• 

Carbon 

Carbon 

Uydroffcn 

Oxyf?on 

Monoxide 


1 

16 

% 14 

22 

1859 • 

465 • 

497 

396 . 

965 

560 

482 

379 

17750 

7616 

9^89 « » 

9720 

5-8 

7-6 , 

8-3 

9-3 

46 • 

736 

644 

1012; 

«. 


Diffmion lidaiions . — Measure = * 


Hydrogen and Oxygen 
Hydrogen and Carbon Monoxiilc 
Hydrogen and Carbon Dioxide . 
Oxygen and Oarbon Monoxide . 
Oxygen and Carbon Dioxide 
Carbon Monoxide and Dioxide . 

Hydrogen 

Oxygen . . 

Carbon Monoxid<‘ 

Carbon Dioxide 

Air 

Coj)per 

Iron . . . « . 

Cane-sugar in water . 

(or in 1 day * . . €*" 

Salt ill water . . . . 


Calculat<!*l 

0-7086 

0-6;)l9 

O-SoT*** 

0-1807 

01127 

0- 1386 

1- 2900 
0-1881 
0-1718 
0-lW 


0l)scrvcil 
0-721 lx 
0-6122 
0-6558 
0-1802 

0- 1109 
0-1106^ 

1- 49 ' 
0-213 
0-212 
0-1 17 J 


Diffusion of matter observed 
by Loschmidt (27id Snp 2 )L 
542). 


Diffusion of momj*iitiim.* 

t 


0*2561 

0*077 t Diffiision of tomporature.t 
0-183r 

000000^65 >x • 

0-3141) ( + 

0-00000116 § 


Chajiye of Tanperaiurc attending theJ)iffusion of Gases through Pot'om Partitions . — 
The following observations have been made by Dufonr {N. Arch. mt. xlv. 9 ; 
xlix. 101-33). (1). When a dry st ream of air, by<Irogcn, or coal-gas ponetratt^s the 
walls of a porous vessel, or passes through a vessel eontairiirig fragments of the 
porous material, a fall of temperature takes place, which gradually becomes smaller 
and smaller, and at length disappears. (2). When mSist streams of tlicso gases 
circulate under the same conditions, a rise of temperature is produced, which likewise 
diminishes and finally ceases. (3). The heating is probably duo to the absorption of 
aqueous vapour by the porous substance ; the cooling to the evolution of that yapour, 
those offbets being greater or loss according to the previous state of the porous vessel. 
(4). When air on tlie one side and hydrogen or coal-gas on the otlier are in contact 
with a. porous partition, and diffiision takes place without alteKition of pressure, a 
rise of temperature is produced on that side of the paftition towards which the stream 
of gas is directed, that is to say on the side in conbict with the lighter gas, and a 
fnll of temperature on the other. (5). Tliesc changes of tcjinperature appear to occur, 
not in the efttire mass of the gas, but only at the surface of the porous partition, the 
heating on the one ^ide being due to the condensation of the gas, and the cooling on* 
the other to its expansion. (6). When the diffusion is accompanied by variation of 
pressure, the effects are complicated by the alterations of temperature directly resulting 
from increase or diminution of pressure (Dufour). ^ 

Thermo-diffusion.— C. Neumann infers, froin theoretical considerations, that 
when a finite portion of a gas enclosed in a tube of infinite length (or returning inhj 
itself) has a density greater or less than that iff the rest of the gas, a difference of 
temperature artificially produced fCt the two extremities of this finite portion must 
give rise to a continuous movement in the whole of the endless cylinder of gas, 
directed from the cold to the warm eiM through the finite portidn above mq^t-ioned, 
supposing that the gas in this portiDn is of greater density than the remainder 
(Jahresb.f, Chem. 1874, 16). 


« 



Graham {PhiU Thins. 1849, il. 349; Phit. Ung. [3], xxxv. 541 ; [4], xxvi. 409) ; 0. E. Meyer, 
f. Ann. exxv. ami cxxvii, ; Jahresb.f. Chem. 1871, 44). V 

Stefan, Wi^n. Akad. Her. [2 Abth.], Ixv. 45«69. 

Voit, Pogg. Ann. exxx. 227, 893 ; Jahresh, 1867, 85. 
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Experimoiits made W. Fr »idorsoii {Vhil. Mag. [4], xlv. 55), in aecordaneo witli 
the requirements of thisJ.licory,;on a portion of the gas enclosed between diapliragiiis 
of platinum or palladium spdnge, gypsunf, or magnesia 2ista, have shown tliat it 
appftirs to bo qpunivorsal property of porfus ^^ies, when used as rliaplVirnns, to 
draw gas through ihomselvci^froui the colder\o the warmer sides. Tliis. Thermo- 
diffusion differs from ordinary difiusion, inasmuch as it takes place Ijptlfcrecn two 
portions of the same gas on opposite sides of a diaphragm. It is the correlative of 
tlie phcfl<Jhioi¥)ii observed by Dufour, in whose experimqpts a change of toinperature 
results from diffusion, whereas in those of Feddorsen, diffusion is .produced by change 
of temperature, and in such a direction that the artificially excited dhange of tompora- 
tureJs diminished by that which, according to DufouFs law, results from the diffusion 
itsqj? ^ • 

* HygrometriJt Diffusion. — (1). When a porous partition (the porous cell of 
a voltaic battery) separates two portions of air of different degrees of moisture, two 
opposite and unequal streams of air pass through it, the stronger current being 
directed from the dry to the moist air, and the difference in strengtli of the two 
depending chiefly on the difference of vapour-iension on the two sides of the partition. 
Temperature has little or no direct influence on the result. (2). Hygromctric diffu- 
sion takes place also, though less quickly, through dense and very homogeneous plates 
of marble (5 mm. thick), polished or unpolished ; also through plates of gypsum, 
alabaster, and retort-charcoal. On account of the greater porosity of gypsum, diffusion 
through it can give rise only to slight differences of pressure on the two surfaces, and 
oven those differences are quickly equalised. Alabaster is much less penetrable by 
gases thal! gypsum or marbh', and diffusion through it takes phicc much more slowly. 
(3). When a limited voluiqe of air is conflhed in a vessel, pert only of wlTicli is 
porous, a difference of hygromctric state between the inner and outer air leads to a 
difference of pressure, which is independent in amount on the extent of the porous 
part of the side of the vessel, kit is longer in establishing^itself as the proportisn.of 
porous to compact surface is smaller. (4). The difference of pressure produced by 
hygromctric diffusion depend?!, under othc^se similar ^rcumsUnces, on the thick- 
ness of the partition, and in the case of porous clay is nearly in the inverse ratio of 
the square root of tlio thicknoH.s (limits wf observation 3 to 10 mm.) (5). The exc(?ss 
of the diffusion-current of dry air Jittains its gj/rcatest value when the pressure ou the 
two sides of the partition remains equal. This excess, which varies with the nature 
of the porous partition and tho hygnmietric conditions of the experiment, is greater 
in proportion as tho thicknes.s of the partition is less. With thicknesses of 3*1 mm., 
6’1 mm., and 9*1 mm., it was*Yound to vary as 100 : 72 : 61. (6). \Vhen hygro- 
metric diffusion gives rise to% difference of pressure on the two sides of tho partition 
the excess of volume of the stronger current diminishes as tho difference of pressure 
increases. This decrease is quicker as tho thickness of tho partition is greater 
(Dufou^ N. Arch. ffh. not. xlv, 9 ; liii. 177-210). 

ra.<t.<iage.of Gases through Liquid Films and Colloid Mcmhra2Uis, — F. Exner (Pogg» 
Ann. civ. 321, 443 ; Chem. Soc.. J. 1876, ii. 163) has studied this mode of diffusion 
by introducing into a diffusion-tuho a film of soap formed with a solution of 1 part 
by weight of dried .Marseilles sttop in 60-80 parts of distilled water. Experiments 
were made with air and coal-gas, air and carbon dioxide, air and hydrogen sulphide, 
air and ammonia, air and oxygen, air and nitrogen, coal-gas and oxygen, ^oal-gas and 
hydrogen, nitrogen and hydrogen, A comparison of the velocities with which the 
gases traversed tho film led to tho conclusion that tho passage of , the gases through 
tho film is duo, partly to their absorption by the liquid and subsequent elimination 
from ft, partly to simple diffusion tlirough the film, as through a porous partition of 
extremely ^all thickness. On this supposition tho diffusion-velocity, a, of a gas 

must bo represented by the expression -7=^, where C is tho absorption-coefficient 

V 0 

of tho gas for water and 5 its donsity.f The following table shows tho agreement of 
tho values of a calculated from this formula with tllose^educed from actual observa- 
tion : — 


Zrd Sup, 
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Gas 

CoeinciGut of 
absorption 

Dei^ity 


a 

• observort 

a 

calculated 

t 




— r,. - 


Nitrogo*! . 

Air . ^ ^ 

0*016 • 

0*97 

0-Q153 

(^86 

0-85 

6*017 

1-00 

0*017 

— 

1*00 

Oxygon . 

0*030 

1106 

0*0285 

1*96 

1*60 

Coal-gas*. 

0*026 

0*480 

0-036 

2*27 •- 

• ’2-12 

^Hydrogen . . 

0-019 

0*070 

0*072 

3*77 

3-89 

Carbon Dioxido ' 

1-002 

1*52 

(k812 

47-1 

46*1 

Hydrogen Sulphide . 

3*166 

1*17 

2*94 

166 " 

163*?- 

Aiumoria . 

700 

,0*69 

903*0 

46000 

54450 


According to Biirth^lemy {Compt. rerid. Ixxvii. 427), the natural colloidal surfaces 
of plants exert upon mixed gases a dialytic or separating action oimiLar to that ob- 
scrv'od in caoutchouc by Graham Supnl. 632), transmitting carbon dioxide thirteen 
times as readily as nitrogen, and six or soTon times as readily as oxygen. 

P 'tffusion of Ga^es thrmigh Absorbing Svhstances (Wroblewski, Ann, Phys, Chem. 
clviii. 639-568, and [2], i. 438-461). — Wlien an absorbable gas is suddenly brought 
in contact with the surface of a liquid contained in a cylindrical or prismatic open 
vessel, and not disturbed by currents arising from variations of temperature, the 
uppermost layer of the liquid will of course bo first saturated by the gas ; and 
Wroblewski’s experiments show that the diffusion of the g.is through the liqjiid takes 
place according to Biot a. Fourrier’s La^ of Difference, the gas passing successively 
from each layer of liquid to the one next below it, and tl!e rate at which this move- 
ment takes phice being proportional to the difference of saturation of the two layers. 
Whe» carbon dioxide is brought in contact witii an aqueous solution containing in 
100 c.c. more than 10 gram^ of dry sodium chloride, or 26-98 sugar, the gas diffuses 
itself through tiio liquid exactly according to the Biot-b'ourrier mw of heat-conduc- 
tion, the quantities of gas' absorbed- being proportional to the square roots of the 
times of absorption, and the liquid acting, with regard to the diffusion of the carbon 
dioxide, just like a solid body with regard to the conduction of heat. With weaker 
solutions and with pure water, the regularity of the diffusion is disturbed by the 
increase of density of the liquid charged with carbonic acid, which consequently sinks 
to tlio bottom, thereby completely altering the conditions of the diffusion. The Biot- 
hourrier law of diffusion likewise holds good in glyoarin and its aqueous solutmns ; 
also in strong solutions of colloid substances, such as gelatin, even when they contain 
a quantity of the colloid sufRcieut to render them viscous or semi-solid; a perfectly 
dry hard plate of gohitin, on the other hand, is impervious to carbon dioxido. 

Former exporiinents by Wroblewski (J*ogg. Ann. Iviii. 539-668) showed that the 
rate at which carbon dioxide or hydrogen diffuses through a caoutchouc membrane 
is proportional to the pressure of the gas upon the membrane : this is merely a 
particular case of the law above stated. 

From these results Wroblewski deduces tho following law : When a gas is absorbed 
by any substance, liquid, solid, or semi-solid, it diffuses itself ir- the absorbing body 
according to laws identical with these which regulate the propagation of heat in a solid 
rod. The ©nly exceptions to this lay are those which are due to tho action of 
gravity. 


Aspiration and' Migration of (roses.— These terms are applied by Bellamy 
{Compt, rend, Ixxxiii. 669) to denote the passage of gases enclosed over mercuw 
through the capillary tubes of cotton or linen skeins, hemp, hay, rushes, strips of 
caoutchouc and many other bodies. When separate portions of the same gas 
under different pressures are connected by such bodies, the level of tho mercury 
comes to rest only when tho pressure on the two sides is equalised. When different 
gases, such as hydrogen and carbon dioxide, art) connected by a skein of cotton-thread 
&c., enclosed in a bent glass teibe, streams of the two gases pass through the skein in 
opposite directions till tho pressure of each gas on the two sides becomes equal, the 
hydrogen travelling tho faster of tho tVo. ' ^ 

rrlotlon of aaaeo. 0. E. Msyer in 1866 and 1866 [Pogg. Am. exxr. and 
CXXTII.) showed \yy experimenta on circular discs yibrating horirontally lonnd a 
vertical axis, and by calculation from Graham's experiments on the transpiration of 
gases through capillary tubes (ii. 820), that the constant of the internal Trictioii of 
air IS independent of pressure, and incrcMes with the temperature. This result was 
confirmed m a similar manner by Maxwell (PM. Tram, 1866), who had prerionsl? 
deduced it theoretical considerations {Phil. Mag, [4], xix. 31). ^ 
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Meyer found, from his first e'^'periments, as an approximate result, that, the value 
of the friction-coefficient of air If / between 0*00018 and 0*00027. ^ubsoquenlly (Vogg. 
Atm. cxliii. 14), by expeVirnont's made at Tlirious temperatures, ho inferred that the 
tonqporature-co^cient for the friction is al^ut 2 the coefficient of expansioij, so that, 
representing the co|^fficiont of expansion at tho*tAi»poraturo by /ut, and tem- 
perature-coefficient of friction Ijy wo have, ^ f 

^ A*< = /*o(l + 30 

where i 0*003665 =« 0*002749. • * 

. By a series of experiments made at different temperatures, the* value of /x^ wc* 
f«und to be between 0*000168 ^d 0*000174. 

A. V. Obermayer (Wien, Acad. Ber. [2to Abth.], Ixxi. 281-308), f!»ra a compariipn 
of his own experiments on vibrating discs witli*tho.Ho of Moyer and Maxwell ^deduces 
fhe values /3 = 0*(^2723 ; /x* 0*000 16747, according to which the expression for the 
friction-coefficient of air becomes : 

• /x< = 0*00016747 (1 + 0*002723 t). 

The same methods of Investigation havo*been applied to the determination of the 
friction-coefficients of a considerable number of gases by Moyer ( Pogg. A7i7i. cxliii. 14 ; 
Jahresh.f. Ch&n. 1871, 44) ; by Moyer a. Springmiihl {Pogg. Ann. cxlviii. 626-649 ; 
Jahresh. 1873, 16); and by A. v. Obermayer (IVie7i. Acad. Ber. |'2te Abth.], Ixxiii. 
433-474; Jahredt. 1876,42). The results are given in the following table, togotluT 
with those calculated by Meyer from Graham’s transpiration experiments : 


Friction-coeffici(^it8 of Gases. 


• 

• 

• 

^Meycr a. S] 

Tran- 

.spiratlon- 

(jociUcient 

piingmllhl 

F^tion- 

coCTBcierit 

atO® 

t - 

Obei 

• 

Trans- 

piratio%- 

coelflcient 

•mayet 

Friction- 
coefteif.'jit 
at 0° 

Frlction-ooein- 
cient rufeM^il to 
that of Oxy- 
gen=0-0001873 
calculateil from 
Graimm’s 
Transpiration 
exp(?rinHM»tB 

Oxygen .... 

1*000 

0*000212 

1*000 

0*0001873 

0*0001873 

Air 

0*899 

190 

0*896 

1678 

1683 

Nit^gen Dioxide 

» 0*878 

186 

— 

— 

1646 

Nitrogen . . . • 

0*873 

184 

0*885 

1669 

1636 

Carbon Monoxide 

0*870 

184 

0*868 

1625 

1630 

Carbon Dioxide . 

0*765 

160 

0*738 

1383 

1414 

Nitrogen Monoxide 

0*762 

160 

0*723 

1353 

1408 

Hydrogen Chloride 

0*736 

160 

— 

, — 

1379 

Chlorine .... 

0*687 

147 

— 

— 

1287 : 

Sulphur Dioxide . 

0*654 

138 

— 

— 

1225 

Hydrogen Sulphide 

0*610 

130 

-- 

— 

1154 

Marsh-gas . . • . 

t)*555 

120 

— 

— 

1040 

Methyl Chloride . 

0*647 

116 

— 

— 

1025 

Ethylene .... 

0*516 

^09 

0*492 

922 

• 966 

Ammonia .... 

Otioll 

108 

— 


957 

Oyanogen^ .... 

0*506 

107 

— 


948 

Ethyl Chloride . 

0*499 

105 

0*475 

889 

935 

Mellfyl Oxide . 

0*483 

102 

— 

— 

905 

Hydrogen . 

0*439 

093 

0*459 

861 

822 


The following is a comparison of the transpiration -coefficiouts 
hydrogen and carbon dioxide, as deterxSined by difig^rent observers : 


of air, oxygen, 


# 


Graham * 

Maxwell f 
0. B. Meyer J 
lAng I . 

Obemayer • 
JCundt a. Warburg || 


Air 

()» 


00* 

1 

• 1*113 

0*488 

0*840 

1 

• 

0*616 

0*869 


1095 

0*601 

0*8iil 


• 

— 

0*830 

1 

1*116 

0*513 

0*824 

1 

— 

0*488 

0*804 


« This Dlottonaiy, vol. ii. p. 820. t P* 847^)1 this volume. % Fogg. Ann. cxlvUL 1. 

t Wm Aead. Bar [3 Abtb.], IxUi. 604. n Beut. Chan, Qes. Bar, 1876, 160. 

3x2 * \ 
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With respect to the alteration of their frictiun-t^effieiontM according to tempera- 
ture, gases may be arranged nearly in the same or^Jor as with reference to t heir 


coefficients of expansion : 


Air j. 

Hydrogen 

Oxygen 

Carbon Monoxide 
Ethylene r . 
Nitrogen 

Nitrogen Monoxide 
Carbon Dioxide 
Ethyl Chloride 


tj = 0-0001678(1 
0861(1 
1878(1 
162;5(1 
0922(1 
ir)59(l 
1353(1 
1383(1 
/»889(1 


r "iction-coeffleient 
according to Obormaycr 

000366r50' 


0003665O 

0-«036C60* 

00036650 ‘ 

000366o/)‘ 

0 * 0037190 ^ 

0*C0370Hy 

0-0039(>90 


Expail 

sion-cacincicifu aC' 

-con 

Jirg to Regnnult 


0-003671 

0*79 

0-00.^661 

0-80 


0-74 

00036G9 ; 

()-96 

i 

0-71 

__ 

0-iW 

0-003719 

0-91 

0 

0-003710 

(!■[« 



From these results it apears that the friction-coefficient of the less easily con- 
densable gases (till lately regarded ns uiieondonsable) is nearly proportioned to the 
J power, and that of the more easily condensable gases to tho first poWor, of the 
absolute temperature. For temperatures between 160° and 300°, air gave tho same 
Tallies of the exponent as between tho lower temperatures — 21 ‘5° and 63’6°. Carbon 
dioxide exhibited a slow decrease of the exponent witli the temperature. ^ 

Nuiirly equal values of the exponentf for air, carbon dioxide, and hydrogen have 
been obtained by .1. Fuluj (IF/cw. Acad, Ber, [2 Abth.], Ixiiii. 689), viz. for air 0722 ; 
for carbon dioxide 0*9 17i and for hydrogen 0*6^3. 

Jirom the frictiop-coefficients may be deduced tho fallowing lengths of [homedUm 
paths (p. 847) of a molecule: ^ 


* 1 
Air .... 



Ol)f(nnnyer 
. 0*0000074 cm. 

Stefan, 

Loschiuidt 

71 

Orahnm 

83 

Hydrogen . 



* 114 

139 

163 

Oxygen . 


w 

79 

74 

87 

Carbon Monoxide 



73 

65 

81 

Carbon Dioxide 



49 

50 

56 

Nitrogen Monoxide . 



r *18 

42 

56 


On the Friction of Karo find Gases, seo Kundt a. Warburg (Po^^. civ. 
337-365 and 525-560; VhiL Mag. [4], 1. 53; Jahresh. f. Chem. 1875, 33); A. 
Kundt {Pogg. Ann. clviii. 568 572 and 600; Jahresh. 1866, 41). 

On the Friction of Air on Glass, see Warburg iPonq. Ann. clix. 399-415; 
Jadmsh. 1876, 41). ’ ^ 

E. Wiedemann (iV. Arch, ph, nat. Ivi. 277) has also determined tho friction-coeffi- 
cient of gases at different temperatures, by the velocily of their flow through capillarv 
tubes. Tho following table gives the results referral to air at 8J = 100. 


Air • . 

8® 

l(X)° 

184-.^ 

. . .100 

123*1 

141-1 

Carbon Monoxide . 

. 56*87 



136-1 

Carbon Dioitide 

. 80*48 

104-8 

123*4 ‘ 

Nitrogen Monoxide 

. 80*41 

105-6 

124-1 ^ 

Ethylene 

. 56*24 

73-89 

87-38 


« 

For air and carbon monoxide on the one hand, and for carbon dioxide and nitrogen 
monoxide on the other, which latter have equal molecular w'eights, tho friction in- 
creases with rise of temperature in the same r^tio. Tho friction-coefficient pt at tho 
temperature /, being equal to^iio (l + ‘0036650", the exponent n is found to have the 
following values, which are not tho same for all gases, and do not all vary with the 
temperature according to tho law laid*down by Obermayep : , 


Air . . . • 

Carbon Monoxide . 
Carbon Dioxide . 
Nitrogen Monoxide 
Ethylene 

/ 


0° to 100° 

. 0;7333 

. 0-9296 
0-9602 
. 0*9645 


0® to 184-5® 100°tol84*fi® 

— 0-6701 

0-6949 — 

— 0-8024 

— 0-7874 

— 08224 
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Compressibility of Oases —Beviations from the Boyle- 
nsariotte Baw (i|udrlo, </'. pr. Clunn. [2], ix. 30 -47). If this luw wcro truo 
in all cases, the relation botwoen the prcfsure and yoliimo of a gas at, constant 
tomocrature would be expressed ))y the (Hjuation pv = constant. But the cxj)erimeuts 
of Kognault andft^attoror have shown that Aio truf relation is j 

*pv = const. + 4>{p), ^ f 

<l> being the symbol of a hitherto undetermined function, which may bo either positive 
or negative. • Kegnault,* whoso experiments woro made at pressures up* to 30 at- 
mospheres, and at a teinpcratiiro nt*ar 4'-^ C., found that hydrogen cjchibits a positiv<L 
■^^lel•cas all otluir gases oxhibit^i negative deviation from lioylo’s law, Nattercr,! 
on tjjLO other hand, whose observations wero extended to much l^igher pressures, 
foufid that the iicgat/ivo deviat ion of air, nitroggn, and CArbon monoxide is oi>uvoiflBd 
Ht very high prcsf.«rcs into a positive deviation, which finally becomes greater than 
that of hydrogen, and is enormous even for the latter. To -a pressure of 2790 at 


that of hydrogen, and is enormous even for the latter. To -a pressure of 2790 at 
mospheros coriTOs^oiid the following condensations : 

Hydrogen Nitrogen .Air Carljon Monoxide 

i_ _L * L L 

1008 705 720 >27 

Now, Jiccording to tho gas-theory of Kriinig and Clausius (iii. 131), the conditions 
for tho contititution of a perfect gas are: (1). That tho attractive forces between tho 
nu)leciiles must he infinitely small. (2). That the radius of tho sphere of action of a 
molecule must bo infinitely small as compared with the length of tho menn path of 
tho mol(tfules. (3). That tins time intervening between two successive collisions 
must bo infinitely small ns compared with of tho free movement of a m^dccule. 
This last condition implies •anotlicr, viz. that the portion of its path along which a 
molecule is exposed to the repulsive action of other molecules must be infinitely 
small as compared with the length of tho path of free movement. In all actually 
existing gases, however, the attractions between the mdlccules have a real, though 
extremely small value, and k is just U) rfliese residual attractive forces that the 
ordinary negative deviations from Boyle’s law are gencrmly attributed. If, however, 
tho imperfections in a gas duo to attraction aro reduced to the smalh'st perceptible 
trace, there still remain two causes -which may produce a sensible deviation from 
Boyle’s law, viz. : (1). The radius of tho sphere within which each moleculo exerts 
an elastic repulsive action must have a certain though very small magnitude e. 
(2). Tho interval of time between tw'o successive collisions, and the depth to which the 
ela^icity of tho molecules gives way, may have, as compared with the’ time and the 
medium length of the path ®f free motion, a certain magnitude of tho order C Now 
siccording to tho views of Clausius respecting the manrior in which tho molecules 
rebound after collision, each molecule may be regarded as fencing off round itself, by 
repulsive forces, a space of medium radius 8, whose middle point is the centre of 
gravity of this moleculo. A sphere of radius 28 is called by Clausius tho sphere of 
action of tlio molecule, and the sphere of radius 8 may bo called its sphere of elas- 
ticity. Bor convenience of consideration, the molecules may be replaced by 
elastic spheres of tho magnitude of the spheres of elasticity. Moreover, the repelling 
forces which produfo the rebound probably increase very rapidly as the molecules 
approfich one another, so that tho spheres of elasticity may be regarded as hard- 
elastic. According to this, f should bo a snpill magnitude compared with e, and of 
the two deviations last-mention td the first should predominate. At all events it 
•may bo supposed that at constant temperatures tho elasticity of ^he molecules is not 
altered by tho number of collisions which t-ako place in tho unit of time. So long, 
therefore, as the paths of tho molecules are long enough, the spheres of elasticity at 
constant temperature may bo regarded as incompressible spaces of invariable mag- 
nitude. 

If, therefore, tho pressure on a gas is altered, the change of volume thereby pro- 
duced affects only tho spaces between the spheres of elasticity, which of themselves 
fill a constant space k, Bor a gas in which no otlfer cimse of deviation from Boyle’s 
law exists, we have therefore} if its volume under the unit of pressure be denoted 
by u, , • 

« = i 

. . . , V m 

or, wntmg a for - A; : • 


• ' Rclatiou des experiences ciitrcprises , . . pou determiner Ics prineipales lois physiques et tes 
donnfies num^riques qui entrent dons le calcul d(» machines & vapeur.^ Paris, 1847, p. 271. 
t Wim, Acad, Bar, v. 851 ; vi. 657 ; xU. 190 ; JnhrcA,/, Chitn, 1851, 69 ; 1864, 87. 
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Supposiug now that in hydrogen the attractions J)etwocn the molecules disappear 
so completely that, in the discussion of Regnanlt’s observations, they may bo loft 
quite out of account ; it will then follow ijhat the doViationS from Boyle’s law ex- 
hibited bj this gas are duo to the circums^tanco that the spheres of^lasticity of its 
molecules have a not quite imp(;rl*c{;tible magnitude as compassed with the entire 
space w^ivh it occupies. Accordingly, k is the spade occupied by the spheres of 
elasticity irf* a given quantity of hydrogen ; a the empty space contained between 

them at 4*' and 1 motor pressure. The ratio ^ is found, from Regnault’s experi- 

flients, to have thb mean value 0 0007 : consequently*, 

A6 4° and 1 meCer pressure, the spheres of elasticity of Hydrogen occupy 0*0007 hf 
the. spae^ contained between them, ^ ^ 

or, since is sensibly equal to 0*0007, 

1*0007 


at 4° and 1 nwter pressure, the spheres of elasticity of Ilydpgen occupy 0*0007 of its 
apparent volume, * 

As already observed, the radius of Clausius* spheres of action is double that of the 
spheres of elasticity : consequently the volume of the spheres of action is 8 times that 
of the spheres of elasticity. Now Clansins has shown that the radius of the spheres 
of action is to the moan hmgtii of path of the molcculos as the space occupied by the 
spheres of action to the total volume of the gas. If then the mean length of the path 
be denoted by I, wo have 


?! 

I 



1 ^- 
V * ^ 


and the behaviour of hydrogen under pressure fnay bo expressed thus ; 

In hydrogen at 4° and \ meter pressure, the iman leftglh of path of the ntplectdes is 
equal to 358 times the radius of the spheres of elasticity. 

fhe approximaW value of k, dotermincil as above, may perhaps appear to involve a 
certjiin amount of improbability, leading as it does by a very simple calculation to 
the conclusion that, at 4° and 1 atm. pressfire, the mean distance between the 
molecules of hydrogen is about twenty dmes as groat as the radius of the spheres of 
elasticity. 

It is usual, however, for reasons which need not here be discussed, to regard the 
distances between the molecules as very great in comparison with the dimensions of 
tho molecules themselves. What is meant by ‘ dimensions of the molecules * it ifi not 
very easy to say, unless wo understand by it tho dimensions of tho spheres of elas- 
ticity, OP something similar; in tliat case the number twenty may appear rather 
small. It IS, h^ever, largo enough to satisfy tho neccssaiy conditions of the gaseous 
state, as shown by tho entire calculation above given, and especially by the epuation 
vp^a’{‘ kp’, Sind moreover it is directly supported by the experiments of Nattoror, 
which show that when hydrogen under a pressure of 1 atmosphere is compressed to 
scarcely conforms any more to Boyle’s law; whence it follows 
that, if the m^n distances between the hydrogen mdleculcs at oqe atmosphere are re- 
duced to fjj, they become magnitudes of tho same order as the dimensions within 
which the sgecinc forces of the molecules are active. 

The volume at the pressure of 1' atmosphere,, being taken as 1, each pair of 

nnmbora given by Watterer forp and yields by calculation a corresponding valud 
of These are given in the following table : 
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p 

1_ 

V 

Jc^ 

a 

i 

P 

JL_ 

V 

_k 

a 

• 2790 * 

1008 

0,00083 i 

• *775 

538 

10,00075 

2689 

• 998 

. 0,00083 

TT)! 

528 ' 

^)075 


98^ 

0,00082 

728 

618 

, /,00073 

26 ().'i 

978 

0,00082 

706 

608 

0,00073 

Z 423 • 

968 

0,00082 

685 • 

498 

• .0,00072 

2347 

958 

0,00081 

665 

488 

0,00072 

2277 

948 

• 0,00081 

646 

471? 

0,00072* 

• 2213 

938 

0,00081 

627 

468 

0,00071 

• 2154 

928 

0,00081 

, 608 

458 * 

aoOOiU 

2098 

% 918 

0,00081 

590 

448 

0,00071 

2044 

908 

0,00081 

S 73 

438 

0,00071 

1995 

898 

0,00081 

556 

428 

0,00071 

1948 

• 888 

0,00081 

539 

418 

0,00071 

1904 

878 • 

0,00081 

, 522 

408 

0,00070 

1862 

868 

0,00081 

505 

398 

0,00070 

1821 

858 

0,00081 

488 

388 

0,00069 

1781 

848 

0,00081 

471 

378 

0,00069 

1741 

838 

0,00081 

454 

3 G 8 

0,00068 

1701 

828 

0,00081 

438 

358 

0,00067 

1662 

818 

0,00082 

423 

348 

0,00067 

1023 

808 

0,00082 

408 

338 

0,00067 

1584 

798 

0,00082 

1 393 

328 

0,(}0067 

1546 

788 • 

0,00081 

379 ■ 

318 

0,00067 

1508 

778 

0,00 i )82 

365 

308 

0,00067 

1471 

768 

, 0,00082 

352 

208 

0,00068 

1434 

. 758 

0.00081 

339 • 1 

288 

0,00068 

1398 

748 • 

0,00080 • 

326 ^ I 

278 

0,00070 

1362 

738 

0,00082 

313 ' 

‘.?68 

0,00071 

1326 

728 

0,000^ 

300 

258 

0,00072 

1292 

718 

0,00081 

287 

218 

0,00072 

1259 

708 

0,00081 

• 274 

238 

0,00073 

1226 

698 

0,00081 

261 

228 

0,00073 

1194 

688 

0,00080 

246 

218 

0,00060 

. 1164 

678 

• 0,00081 

235 

208 • 

0,00073 

1134 

668 • 1 

0,00081 

222 

198 

0,00072 

1104 

658 

0,00081 

209 

188 

0,00071 

1074 

648 

0,00080 

196 

178 

0,00068 

1044 

638 

0,00080 

183 

168 

0,00065 

• 1015 

628 

0,00080 

3 70 

158 

0,00059 

986 

618 

0,00079 1 

168 

148 

0,00057 

958 

608 

0,00079 

146 

138 

0,00053 

930 

598 

0,00079 

134 

128 

0,00016 

903 

• 588 

• 0,00078 

123 

118 

0,00046 

876 

578 

0,00077 

111 

108 

0,00033 

850 

568 

0,00077 

100 

98 , 

0,00027 

824 

558 

• 0,00076 

89 

88 

OjOOOir 

799 

548 

0,00075 

78 

.78 

0,00000 

1 


Nat&rer’s unit of pressure is that of the atmospliore : the above values of ~ may 

be reduced to the unit of 1 meter by dividing them by 0*760. The temperature at 
■which his observations were models not state^ and ho appears to have regarded the 
difference between the actual height of the baroilotcr and 0760 m. as a quantity 
which might bo neglected ; but his results, ^as they stand, agree remarkably well with 

those of Regnault. At pressures below IW atmospheres, the value of - comes out 

less than that deducible from Kegnault’s observations, viz. 0*0007, a result which' 
may probably bo attributed to a ♦ant of delicacy in Natteror^s apparatus. From 

170 atmospheres upwards the values of ~ become nearly constant, the mean value 

up to 700 atmospheres differing but sb'glilly firom 0*007. For the highest pressures the 
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value of slowly increases, a result quite in accordance with theory : for us Uio 

CL ^ ^ 

molecules are brought closer and closer together, the timo^ during which they can 
exert a repellent action on each other inArcasos in proportion to the time of unre- 
strained ntovement. The molecules are tl^roforo subject to rcpulsiorifjuring a loifg(‘r 
part of\heir course, behaving iudoei as if they exerted ^ perceptibly repellent action 
on one amther, oven beyond their spheres of elasticity ; that 'is to say, the function 

(^>) ultimately increases faster than the pressure. Its increase, however, in the 
series abo’vo '^given is so sn^U, that it niay perhaps bo best to negloclr it, Silo least 
provisionally, and regard the molecules, even at very high pressures, as hard-elastic. 

• For these reasohs Budde thinks it justifiable to ass ume that the observations 
Natteror and those of Eegnault may be represented by the same equation : , 

* V a -{ kp ^ ^ 

with the value - = 0*0007 up to 700 atmospheres ; and that above Jis well as below 

€L 

700 atmospheres, the bohavionrof hydrogen may be explained in secoi'.d approximation 
by the assumption that the spheres of elasticity of its molecules have a miignitudo 
which is not quite evanescent. * 

It has been assumed that the deviations of the gas from Boylo’s law are due 
exclusively to tho repulsive forces of its molecules. This is the simplest assumption 
that can be made, but it is neither necessary nor very probable. A very small residue 
of attractive forces may also be still present in hydrogen. The magnitude. <f> (7)) will 
in that case resolve itself into two summations, one positive, tlic other negative, and 
the value kp will represent tho difFeronce between tlio two. It is probable, however, 
that the negative and positive portions of the deviation increase according to different 
laws, indeed is distinctly seen in the ca^se of air and of carbon dioxide. 
k 

Since then remains very nearly constant qp to a largo number of atmospheres, 

(h 

it may bo inferred that the iii'gative deviation is not abfc to disturb tho positive to 
any sensible amount, and that therefore it can be but ymull in •proportion to the 
latter. Tho value 0 *(J 007 for/hc ratio of tho msignitude of the elasticity-spheres to 
tho volume of tho gas may therefore bo somewhat too small, but it is at least approxi- 
mately correct. • 

The cause which determines the deviation of hydrogen t?xists likewise in the case 
of tho other gases, and in them also it must tend to produce a positive deviation. 
Moreover, it is not improbable that the lieavior molecules of the other gases may 
possess spheres ,of elasticity larger than those of liydjjogon, and that consequently 
there enters into their deviations a positive element which Mcoeds the total deviation 
of tho latter. At low pressures, however, this property 01 tljo last-named bodies is 
disguised by the attraction of their molecules. 

Under all circumstances tho magnitude <p (p) 1 ms to be divided into parts, one of 
which, , is negative, and arises from the residues of attraction in tho gas, while 
the other, is positive. Under different pressures the following combinations 
occur : — 

(1.) p very small <^+ = V; nearly true for all gases. 

(2.) moderately largo ^ ^ — . Case of hydrogen. 

<jf>— > ^ + . Case of other gases. 

( 3 .) 2? very largo <#>+ > ‘Case of tli,e most difficultly condensable 

gases. ^ 

lu the remarks made on p. 853 , tho elasticity-spheres of tho molecules are regarded, 
in accordance with ordinary usage, as globes. These observations, however, remliin 
equally valid when the elasticity-spheres are supposed to be of any other sljape, and 
5 represents their mean radius, that is to say, the radius of a globe having the same 
volume as the spheres of elasticity. 

Eesnlts in accordance with the preceding ^have been obtained by Hemilian, 
Mendelojoff, a. Bojnsky Chem.% Ges. Ber. ix. 1312 ), whoso experiments show 

that* under a diminution of pressure of 2,200 to 20 mm., air, carbon dioxide and 
sulphur dioxide exhibit both positive a?td negative deviations from Boyle’s law; 
hydrogen, on the other hand, only posith^^ deviations. Negative deviation, that is to 
say a compression greater than that which should take place according to Boyle’s 
law, was observed in air, carbon dioxide and sulphur dioxide, under pressures exceed- 
ing 1 atmosphere ; and positive in air between ‘2o and 660 mm., in carbon dioxide 
between 20 and 180 mm., in sulphur dioxide between 20 and 60 mm Earlier 
experiments by Mondolejeff a. Kii^itschoff {ibid. vii. 486 ) also led to the con- 
clusion that air at low pressures deviates considerably from Boyle’s law, in the 
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positive direction, so that the product pv, if supposed = 1 at 250 mm., diminishes 
fit 0*5 mm. to 0’6. 


According to Amagat, on the contrary (Ann. Chim. Phys. [5], viii. 270), air under 
low pressures (0‘5 to lO'o ram.) conforms ^exactly with Boyle’s law. The moan of 

forty-one seric? experiments gave for v > 

the deviation from unity did not exceed 0*002. 


y V 

p'V 


rOOl'l ; in thirty-sia series 


7 


£i^\iei;action and Solidification of flases. Down^tt the year 
1877, six gases, viz. hydrogen, oxygen, nitrogen, nitrogen dioxide, carbon 
Jioijoxide, and inarsh-gas^»had ro,sistcd all fittonipts to roduco*tlicin to the rnpifd 
or sglid slate ; Imt towfirds the end of that year they were fill liquefied by L. Cailletet 
{CJpmpt. nW. Ixxxv. 1016, 1213, 1217, 1270^ Ann. Chim. Pht/s. [5^, xv. liJ2-l W) ; 
•oxygen sind hydriigeii also by U. Pictet {Compt. rend. Ixxxv. 1214, 1276 ; Ixxxvi. 37, 
106 ; Chem. Nmrs, xxxvii. 1. 83). The means adopted for the liqucfjiction of those gases 
were tlio sjinie as those i)reviously employed by Paradjty in effecting the liqucsfactioli 
of other gases, iiaTncly, cold and pressure, the gases being condensed in thick-walled 
lubes of line boro by mentis of powerful forejng pumps cjvpablo of producing a pres- 
sure. of 300 to 1,000 fitmosphores, and at the same time subjected to the intense cold 
produced by means of liquid sulphur dioxide and .solid carbon dioxide. 

Oxyycn . — Evidence of the liquefaction of this gas was first obtained by Cailletet, 
and his results were comiminiealed to the Academy of Sciences at Paris on December 2, 
1877. Under a prc.ssuro of 300 Jitmospheres, and at si temperature of -29-, p7*o- 
diiced by the evsiporation of liquid sulphur dioxide in si current of dry air, the gas 
Hppeare(^to undergo no alteration, but on allowing it to (‘xpand by suddenly removing 
llio pressure, w'hereby ji great fsill of tcnipetsituro is produced, a fog was obsexwed in 
the tube, inclicfiting the liqiiefsictioii, and perhaps solidification of the oxygen. 

Nearly sit the same time, Pictet, by the use of more powerful apparatus, wliereby 
(ho gas was subjected to a pupssurc of 320 atmo.sphercs and cooled to -140" by the 
combined effects of J^^he evaporsition of liquitl sulphur dioiide sind carbon dioxide, suc- 
ceeded in liquefying the gsis tn a long gia»s tube; and on oponii^ a screw-tap at the 
(Slid of this tube, a jc^t of liquid oxygon was seen to spiA out with extreme violence. 
Pieces of slightly ignited charcoal held in this jet inflsimed spontaneously and burned 
with intense vividness. A ray of electric li^it thrown upon the jet show’cd that it 
W'as composed chiefly of two parts ; a centriif portion some centimeters long, showing 
by its whiteness that il, consi.sted of liquid or even of solid oxygon ; and an exterior 
portion, the blue tint of Avliich indicated the presence of oxygon compressed in the 
gaseous state. In a sub.se(jueiA exporiment, the presence of solid particles in the jet 
of liquid oxygen was conlirfned by illuminating it with polarised light. 

Hydrogen . — Dry hydrogen, obtained by decomposing pota.ssium formate with 
potassium hydroxide, was subjected to a pressure of 650 atmospheres and a cold of 
about — 140°. On opening the tap, liquiil hydrogen escaped with violence, making 
a sharp hissing sound. The jot hail a steel-blue colour, and was perfectly opaque for 
the length of 12 centimeters. At the same moment a rattling was heard like that 
made by hail when it falls upon the ground, and the hissing became transformed 
into a peculiar noise, resembling that made by a fragment of sodium thrown upon 
water. .Almost immediately the jot became intermittent, and shocks were felt in the 
cock at each escape. During the first jet the pressure foil from 660 atmospheres 
to 370. After closing the tiip, the pre.ssure gradually fell for several zAiiiutes down 
^to 21r5 atmospheres, an<l thou sfowly rose to 226, where it again became stationary. 
On re-opening the cock the jet issued in so intermittent a banner as to show 
that .the congelation of hydrogen had taken place in the tube. This was de- 
monstrated by the progressive escape of all the hydrogen when the pumps were 
stopped, alftl the production of cx)ld arrested (Pictet). Evidence of the liquefaction 
of %drogen was also obtained by Cailletet. 

Nitrogen . — This gas, prepared the action of copper and ammonia on atmo- 
spheric air, then washed and dried over melted potash and strong sulphuric acid, was 
subjected to a pressure of 300 atmospheres at +13°.’ On allowing it suddenly tV 
expand, the gas remaining in the tube condc|ised to a mass of very minute liquid 
drops, which gradually disappeared from the^idos of the tube and collected in the 
axis in the form of a vertical column, this series of changes taking place in about 
three seconds. A similar result was obtained with d»y air quite free from carbon 
dioxide (Cailletet). • 

9 Nitrogen Dioxide passes to the liquid state under a pressure of 104 atmospheres 
at — 11*^ ; at +8° it remains gaseous under^a pressure of 270 atmospheres (Cailletet). 


^o\« ■ 
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Carbon Monoxide is liquefied under the same circumstances as oxygen, viz. by 
a pressure of about .300 atmospheres at — 29®, and sudden expansion (Cailletot). 

Methane, OE‘, similarly treated (pi^jssure and temperature not stated), likewise 
exhibited a misty appearance at the moment of expansion. 

A^Mylenc, was liqutsfi^J rnd Solidified by P. and A. TliSlard in 18/4, by 
the actn^ of the silent electric discharge (p. 34 of this i?upplcmont). Cailletot, on sub- 


mitting It tJU strong pressure, found that it contracted in volume more rapidly than it 
should acci^ding to Boyle’s law, and w.'is ultimately converted into a transparent 
colourless liquid, the liquefattion taking place : 


• Under 4h atm. at + 1° 

„ 60 „ 2 - 5 ’ 

• . » '63 „ 10 ® , 

On suddenly removing the pressure, tho 


/Jnder 

»» 

>» . 


83 atm. at 18^ 

94 „ 26® . 

103 „ 31® 


tube was filled with a white opaque mist. 


GAS-UQUOR. On the ulilisntion of Gas-liquor in the Ammonia-soda process, 
see Gorlach [Bingl. pol. J. ccxxiii. 82; Chc/n. Soc. Jour, 1877 ii. 

GAS-WEUS. On tho Gas-wells of Pennsylvania, See T. L. ►Sniith(Aw». Chim, 
Phys. 1 6], viii. 666; Chem. Soc. Jour. 1877, i. 287). These wells give out enormous 
quantities of gas, which is.sucs at very high pressure. Tho following are analyses 
of tho gases from throe of tho wells : 


co^ 



■Rums 
Uutler ( ‘o, 
0*34 

Tioc.hburg 
Weatnioivliiiul Co. 
0*35 

Tliirvoy 
Liitlcr (Jo. 
0*66 

CO . 


. 

1 race 

0*26 

K 

H . . - 


( . 

6*10 

^ 4*79 

13*50 

OH^ 


. . 

76*44 

89*65 

80*11 

CUT‘ 


, , 

48*12 

4*30 

5*72 

Hydrocarbon, of composition not stsitod 

— 

t 0*66 

— 


Tho gas from tli© Uelaniptcr well, aboi.t 30 miles fr^m Pittsburgh, consists chiefly 
ofethano, 


GASTAEBZTS. This name is given*.»y J. Striiver {Jahrh.f. Min. 1876, 664) 
to a mineral which occurs iu chloritictslato in tho V:il d'Aosta, near Brozzo, and in 
tho valley of Lucfino, aceompajiicd by copper pyril<-.s, g.ar?)nt. .'i!id apatite. It crystal- 
lises in’ tho monoclinic system. Typo prismatic, through co P .‘ind co Poo, tho terminal 
faces being indistinct. It occurs also pulverulent ryid fibrous. Prismatic cleavage 
with an angle of 124® 25'. Fracture conchoiMal. llarrlncss 6 7. *Sp. gr. 3*044. 
Colour bhackish-blue to sky-blue. .Streak greyish-blue. Lustre vitreous to pearly. 
Tho piano of the optic axes is the plane of symmetry. Gastaldite exhibits negative 
double refraction, an inclined dispersion, and strong pleochroism. An analysis sliowed 
it to have tho following percentage comi^osition : 


SiO“ Al*0» FcO MgO CaO Na=0 K»0 

68*56 21*40 904 3*92 2*03 4*77 trace = 99*71 


from which the formula 3R0.2Al‘0*.9Si02 is obtainol : RO-PeO, Na’^O, MgO, CaO. 

GASTRIC JUZCE. Observations on the composition and physiological action 
of the gastyc juice have been made bv Ch. Richet {Comyt. rend. Ixxxiv. 450, 1614) 
on a patient upon whom, in consequenho of the complete closure of the (esophagus, 
tho operation of gasfrotomy bad l)ccn performed. ''I’hrough the fistulous opening thnt 
established, pure gastric juice, quite free from saliva, was obtained by washing out 
tho stomach with distilled water, and then placing in the month some sapid subiitancG 
which, by its reflex action, provoked a relatively abundant secretion, ^ure gastric 
juice, thus obtained, is a colourless liquid, viscid, but easy to filter, having little odour 
and not putrefying spontaneously. 

The mean acidity of tho gastric juice, whether pure or mixed with food, is nearly 
equivalent to 1*7 gram of hydrochloric acid per 1000 grams of liquid. Tho acidity 
never fell below 0*6, nor rose higher than 3*2 grams. The quantity of liquid found in 
the stomach has no influence on its acidety, which, indeed, is almost invariable, whether 
the stomach be nearly empty or very /"nil. Wine and alcohol increase tho acidity, 
while cane-sugar diminishes it. If acid or alkaline liquids are injected into the 
stomwh, tlie g.istric juice realtsumes its normal acidity in about one hour. Tho gastric 
juice is more acid during digestion than when digestion is not proceeding, and the 
acidity increases towards the end of the operation of digestion. 

Berthelot has shown {Chem, Soc. Jow^, 1872, 783) that when an aqueous solution 
of organic and inorganic acids in shaken up with other, tho former dissolve in the 
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other while the latter remain for the most part uiidissolvcd. By following this method, 
Kichet finds that the aeids of the gastrie juice are almost entirely inorganic, or, more 
strictly speaking, they are acids insoluhldin ether. 

^ Gastric ju^o, wlien left to itself, gra^Jually ferments, the amount of ^rganic acid 
slowly increasing^ at the same time, until it deuMes that of tlie inorganic acij. 

. When the gastric juice separated from the glands of the stomach ^d mixed 
with food, its acidity greatly increases during the artificial dig(!stion tlfiis set up, hut 
the inorganic acids always predominate. The ferment producing this acidity is partially 
soluble. * • ' • 

. The time required for digestion varies from throe to four hours, for such alime^its 
•as starch, fat, or flesh propel: the digestion of milk lasts only about an hour and a 
h}#f to two hours, -whilo alcohol and water are still more rapidly al^orbed, no trace of 
tflicm being l(.‘ft^at the eud of thirty-fivo to fwty-fivo minutes. • * 

GAUXiTBERXA OXXi. Tcaiing for Adulter aiimia. — The iiresenco of sassafras 
oi 1 may bo detected by adding 3 or 4 drops of nitric acid (sp. gr. 1*3 to 1*4) to 4 or 5 
drops of tlm oA Puro gaulthcria oil, thus treated, shows no change) at first, but 
solidifies Sifter some ho»rs to a mass of coh^urlcss crystsils (nitro-methylsalicylic sicid); 
sassafras oil, on the other hand, assumes a blood-rod colour, and soon changes to a 
brown amorphous mass. Chloroform may be detected by its odour when the liquid 
is warmed {Chem, Centr. 187(i, 30). 

GAUETBSRTXi&nrE, This hydrocarbon boils at 160'^, and has a 

vapour-density = 4*74 (referred to air). By oxidation with chromic acid mixture it 
is converted into a resinous mass. Hydrochloric acid gas is abundantly absorbed by it, 
and the product, after repeated rectification, boils at ISfl®. The distillate is colourless 
and has a camphorous od^ur (Biedermann,?Z?<?«^. Chem. Ges. Ber, 1875, 1677)*. 

GERIjSKZTE. This mincral^occnrs at Orawicza in the Bannaf, in round green 
lumps, enclosing granules ^f vcsuvianite, and covered with a soft amorphous cnist 
having the comppsition of samoite in whi(?h the alumhia is partly replaced by ferric 
oxide. Analyses 1 and 2 • Outer layer# of the gchlonite, sp. gr. 2 997 (Janovsky, 
Dmt, Chem. Ges. Ber. vi. 1454). 3. Innermost layer the roumted lumps, consisting 

of pure gchlonite, sp. gr. 3*01 (Janqj’’sky and v. Zepharovich, ibid, vii. 109 ; Wien, 
Akad, Bcr. [1 Abth.) Ixix. 26). 4, 'Vcsuvianite. 6 and 6, Outer crust. 



SiO* 



]<’cO 

’ 

MgO 

K-=0 

.U“0 

())• 

32-39 

18-53 

1-25 

3-61 

♦ *05 

6*69 

— 

0*61. = 100-63 

(2). 

32-56 

undetermined 

3*70'' 

Andct. 

G*52 

— 

iindet. 

(3). 

30-73 

22-24 

0-fl 

3-01 

37*93 

6-10 

— 

• 0-37 = 100-79 

( 4 )- 

36-31 

2336 

*2-99 

0-51 

25*32 

6-19 

3-35 

2-12 « 99-15 

(6). 

27*98 

30-23 

8-51 


3*76+ 

0-551 



29-36 = 100-39 

(6) 

28-17 

undet. 

8-33 


undetermined 


29-51 


* Cheek determiimtions gave 3-42 and 3‘5C. t CaCO\ t MgCO*. 


GEESEMZVM. Prom an examination of the constituents of Gehemium semper- 
virens by Ch. KoJ)biii, reported by Sonnenscheiii (Dent. Chem, Ges. Ber, ix. 1182), it 
appears that the substance called gclsemw acid by Wormley {'Ind Siippl. 652) is 
identical with scsculin. 

The alkaloid gelscminc is an amorphous, colourless, or slightly pinkish mass 
melting below 100" to a colourless liquid. It disWvos but sparingly in water, more 
readily in alcohol, and freely in ether and chloroform. Its sohition has a very bitter 
ta»te, and a strongly alkaline reaction. Its hydrochloride is amorphous, neutral, 
readily soluble in water, and the solution is precipitated by tannic acid, solution of 
iodine iif potassium iodide, gold chloride, phosphomolybdie acid, &c. Platinic chloride 
produces an amorphous, lemon-yellow precipitate, which dissolves on warming, and 
crystallises on spontaneous evaporation in transparent quadratic octohodrons, which, 
on the addition of water, are (Ranged into the amorphous compound, while platinic 
chloride goes into solution. ' 

The composition of gelsemine is that of tho hydrochloride 

(C"H“»NO*)*ClH, and of the amorphous Aatinum-salt 2r(C'‘H'«N02)2HCl] + PtCB. 
The puro alkaloid dissolves in concentrated nitric acid, with a greenish-yellow, an‘d in 
sulphuric acid with the same colour, which, howevpr, soon changes into a reddish- 
brown and dirty red. When potaiNiium dichromate is added to the sulphuric acid 
solution, tho liquid changes first into cherry-red, and then into bluish-green ; with 
cerosocoric oxide a bright cherry-red colour is produced. ^ A large pigeon, to which 
0‘012 gram of the hydrochloride was administered, died, with convulsions in thirty-six 
minutes, and frogs exhibited the same symptoms. 



860 ‘ GENTIAN— GlTiUERTITE. 

OBirrZAnr. According to Hager {Chew. Ceiitr. 1876, 823), some kmds of 
gentian-roet contain tannin, whereas others do not. Villa (PiKirm. J. [3J, vm. 

182) finds that cold infusions of Gcniiana^ Burseri^ contain tannin, rho colouring 
principle, gentian i II or gent i sin, giresllic tannin reactions distinctly, for wlncn 
reason Vi Iro proposes to call it gimUattoimnic ax:iiL Tho bitter priSciplo,< 7 C»i*o- 
yiic*riw,\|)GS not give the reaction^ of tannin. • * 

OSXrTXfetZXar, This substance, the colouring matter of gentian-root— 

also genlianin^ gentianic acid, and genfhic acid (ii. 8i30)— has been^ further 

examined f)y Ilhisiweli! a. Hsilicrnuinn {Dcuf. Chem. fiV'N. 7Ar. vii. 6r>2). Accordn 
to» these chemists,' the potassium and sodinni-dcriviitives contain C ^Ir'KC) and 
C‘^H®NaO* respectively, and aceigl-gcntiaiu, formed by ilic action of acetyl chloride orf 

gen^isin, has the «/omposition i 1 1 i * » 

By thfe action of melting potash, genlisin is resolved into aci‘tic acid, pliloroglucni, ^ 
and an acid called gent is ic acid by Iflasiwetz a. }Iaherinann, Avho state that 

it does not agree in its properties with protocatechuie, oxysalicylic, dioxybonzoic, or 
liypogallic acid.* The decomposition is reprcsentcKl by the equation i 

2C‘<II'®Os + 0= + 41 1 H) - iC:-ll'02 + 

Gteutisin. Acetic aeiitisic Tliloro- 

acid- acid. j'luciii. 

Gcntisic acid melts at 1J)7° [oxysalicylic acid at 19C-197®], and when hcateil 
above its molting point is resolved into CO- and pyrogenti sic acid, a 

compound said to diftcr from all Iho known diox^-bonzcucs, viz. pyrocatechin, resorcin 
and hydroquinone. 

GERAiriSirE, C'®!!'®. This hyd^icarbon, obtained from geranium ofl by the 
action 8f phosphorus pcntiichloride, is coiivcrti'd, by troaQiicnt with half tho calcu- 
lated quantity of iodine, into cymciic, C*®H" (Oppenheim a, Pfuff, Beat. Chem. Gca. 
Bcr. vii. 025). •' 

GZZiBERTZTE. The ^ilbcrtito of the iSaxon ancf Bohemian tin mines occurs 
in two varieties, dilfering considerably fronvmo anotlier. • 

(1) . One of thoin is of greenish-white to yellowish-white colour; translucent; 
occurs in crude lumps of conipu(!t to crystallo^-granulo-laminar structure, vitia ous to 
fatty lustre, hardness =1, sp. gr. -2 ‘65- 2*72. Jt is found on all the veins of tin 
ore at AUenberg, Ehrenfriedersdorf, Oeyfr, Pobershaii, Zinnwald, and Schlaggonwald, 
alternating with tin-stone, wolframite, molybdenite, fliior-spai*, &c., and penetrating 
into all the. interstices of the tin-stone and wolframite. It is ea.siiy removed from 
th(?se cavities •when tho lumps are broken up, }UKl«tli(ai always exhibits shining 
contact-faces, sometimes also impressions of the parallel streaks of tho wolframite, 
and is even found imbedded in wolframite. It forms pseiidomorphs after topaz, the 
substance of which has hitherto been designated as ‘ lithoinargo,’ having indeed con- 
siderable resemblance to many kaolins of the tin-stono veins, especially those of 
Altcnberg, -which formations liave like wist; been designated as litliomarge, or oven as 
steatite. Kaolin may, hoAvcver, bo rubbed to dust, whereas gilbortito can only bo 
broken into small lamiiim. 

(2) . Tho second variety, which is found in tho same localities, accompanying 

apatite, iron spar, and nacrile, also tin-stone, wolfrarnite, fluor-tfpar, &c., occurs in 
spherical and stellate, concentrically laminated modifications, also in six-sided tabular 
ciystals commonly united in spherical groups. Colour light yellowish-green to soa- 
groen and leek-green. Lustre, vitreous. Tlardncse -=^3. Sp. gr. -2-82. This 
variety is known as paeudoniorphs after scheclito and apatite ; it has also boon found ' 
in roundish clusters, enclosed in lumps of sidorite (from Sc.hlaggenwald), which seems 
to suggest its production by transformation of that mineral. ‘ 

The following are analyses of gilbcrtitc from the localities above mentioned 
a, of the first variety from Ehrenfriedersdorf ; 5, of the same fromPohershau ; c, of the 
second variety from Ehrenfriedersdorf : - 



fjiO* 

A1“0» 

KeO 

CaO 

MgO 

K»d- 

Na“0 

P 

IPO 


a. 

48*96 

3096 

2*24 

0*23 

1*97 

8*47 

1*65 

1*04 

3*83 = 

99*38 

h. 

48*10 

32*30 

3*30 

0*40 

1*12 

10*02 


0*81 

4*09 = 

100*14 

c. 

48*10 

31*65 

3*10 

1*30 

1*33' 

8*62 

2*14 

0*88 

3*62 = 

100*54 


Lohunt found, in 

gilbertite from St. Austell in 

Cornwall, 451 5 SiO* 40-1 1 A1»0», 


2*43 FeO, 4*17 CaO, 1'90 MgO,*and 4*25 water, whence Dana regards this Cornish 

• The four known mollifications of the acid C’H'O*, or C*n®(OH)*.CO’H, are [CO"H in 1), proto- 
ratochulc acid 1:3:4, oxysalicylic? acid 1:2:5, and two other dioxylienzoic ^ids, 1:2:4 and 
1 : 3 : 6 (or 1 : 2 : 3) formed from the two com»pondin/? disulphobcnzoic acids (p. 289). The so-called 
hupogalUc acid (Hi. 239) has lately been shown by Beckett a. Wright to be a mixture, most probably 
of opianic, hemlpiuic, and iirotocatechuic acids (see Naucoiine). 
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variety ub an impure kaolin. It is more probabh.?, liowcvor, that in Lcluint’s analysis 
the alumina was estimated too high and the potash overlooked. 

Gilbertito is a distinct mini^ral species iielonging to the mica group. The species 
* liyiomarge ’ n^y bo abolished. Alumini(| silicates of this class, wliich hjvo nut the 
composition of^lbertite, are included in the forrrmla, APO*.2SiO® + 2IPO, and consist 
cither of nacrite or of kaolira Such at least is the case with those wliic]r occur in 
Saxony: thus, the lithomarge of the tinstone veins, of the ganguos*r)f Freiberg, 
.Johanngporgenstadt, &c., of the pelosidcritos (argillaceous sphserasiderites) of 
Zwickau, "W^rschnitz, &c., of the topaz-rock of Auerbach, &c., all coireii?t either of 
nacrite or of kaolin. The amorphous varieties of lithomarge, called myelin and carn»jt, 
#iave also, as previously shown* by Frenzel (J. •pr. Chcm. [2], v. 401), the composition 
of laolin. Gilbertito and nacrite occur together on the tin veins* the form{iti<m of 
^tlfcsetwo minerals appearing indeed to bo*related to that of the tin-ort gangues 
(Frenzel, Jahrhihhf, Mineralogie, 1873, 794). 

GXNGBIt. The extract obtained by boiling ground ginger (Zingiber officinale) 
with alcohol, ant evaporating the filtrate, has a strong odour of ginger, and when 
heated in a current of stcj^im yields a small quantity of essential oil lighter than water. 
When fused with soda, it yields protocatechuic acid (Stonhouso a. Groves, Chem, 
Soc. J. 1877, i. 653). 

GXlB’ZXiSXT&. A grcyisli-ycllow mineral from the Ginil Alp, in Graubiindten. 
Sp. gr. = 3*404. Composition : - 

RiO* A1*0> Fe'^O* CnO MgO H*0 

37*83 7*77 15*63 26*67 973 3*30 = 100*93 

(Rammolsberg, Jahrh.f. Min. 1877, 97). ^ 

GXSMOXrBZX. Tlib gismondin of Salesl in Boliemia is rhombic, the crystals 
exhibiting a combination of the priyns with a brsichydome and a macrodome. The 
type is quadratic and the crystahs resemble tho.so of bournonite. Axial ratio, 
a .* h ; (?«=0’992'16 : 1 ; 0*91897. Of the zeolites occufring in the druses of »SaIesl, 
aualcimo is the oldest formation, natrolii,e the next, and gismondin tlie last. Gis- 
mondin often occurs in the place of apophyllito, whini is also a younger formation 
than natrolite. The succession of the^eolitcs doponds upon the degrees of solubility 
of their constituents, the more recent formations being the more soluble. The younger 
zeolite formations exhibit, with but slight? variation in the amount of alumina, a 
decrease of alkalis and silica, and an increase of lime and water. With a constant 
proportion of silica, they arc richer in water, and conversely, with equal proportions 
of water, they are poorer in^silica (8chrauf, Jahrh. /. Min, 1877, 914). Gismondin 
occurs also in the driuses tlic basalt of the .Sebiffonberg near Giessen, as a younger 
formation than pliillipsite (A. Streng, ibid. 1874, 578). 

GXiiLSS. From experiments by 0. Schott (Dingl. pol. J. eexvi. 346) 

it appears that ordinary glass is a mixture of amorphous alkali-silicate (or borate) 
with crystal li sable calcium silicate. At the higli temperature of the glass furnace, tlie 
sodium or potassium silicate dissolves the calcium silicate, and by its viscidity pre- 
vents the laUer from crystallising out during cooling. The composition of glass 

may bo rcproj3cnti^l by the geTioral formula The proportions of the 

constituents for each kind of glass must be determined by considerations of utility. 
If the bases are in the ratio Na*0 ; CaO=4 : 1, the proportion of silica in the*glass 
, must not be loss than 67 per \;ent. ; otherwise devitrification is apt to take place 

during cooling. Glass thus compo.sed may be represented by the formula 1 5SiO^ 

With a larger proportion of sodium silicate the glass does not easily devitrify, even 
when th(f quantity of silica is less than 67 per cent. ; for example, a glass having the 

composition containing 57*1 per cent, silica, remains amorphous on 

cooling. For plate-glass, which is exposed to tjie weather, the proportion of silica 
shoiild be as high as possible. Crown glass should contain less silica, but more lime. 
Its composition is usually 71*6 per cent, siliga, 13*6 soda, and 16*0 lime. 

Chemical Changes which take plaice during the Fusion of the Glass-mixture. — When 
the mixtaro consists simply of sodium carbonate, calcium carbonate and silica, the 
carbonates first fuse together, and are afterwards decomposed, at a higher tempera- 
ture, by tlie silica, with evolution o7 carbon dioxide. But when, instead of sodium 
^ carbonate, a mixture of sodium sulphate and carbon is used, a more complex reaction 
takes place. When the pot is heated, the conduction of heat is at first so slow that 
even after exposure to a white heat for tliree or four hours, only the outer portions 
of the mass are fused, while the unfused portion in the centre is still sandy and 
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scarcely red-hot, and the fused glass near* the edges of the pot remains turbid from 
admixture of unfused sand and small gas-bubbles. The zone between the solid centre 
and the fused outer portion is coloured brtxrri by sodium sulphide, and still contains 
lumps of unaltered calcium carbonate. It/s only in the second stage of the process, 
the ‘ refinilfg,* that a rapid evolution of* gas takes place. ^ 

Cj|rbV^ and silica may act on 'sodium sulphate ac(K)rding to either of the throe 
following equations : 

ill Na*SO« + 2G + SiO- =• Na=S + 200= + SiO^ 

(2). Na^SO* + :0 + SiO- = Na'^SiO* + CO + SO" 

• (3). 2Ntr"S0* + C + 2Si0‘’ = 2Na"SiO? + CO- + 2S0" 

In practice, fey every molecule of sodium sulphate 0*6 of a molcoule of carh6h is 
usecT; thid is too little for equation 2 1 but carbon from the furnace acts on ttio, 
glass, and alkali (from 10 to 15 per cent.) volatilises 0-6 mol. cairbon is too much 
by 0*1 for equation 3 ; but the coke used contains 10 per cent, of ash, and some of it 
is burnt on the surface of the pot. The proportions in which the se veral ingredients 
enter into the mixture can therefore throw but little lighj on tho reactions which 
take place. *' 

Tho only gases actually given off arc CO- and SO®; nevertheless tho source of these 
gases is not to bo souglit exclusively iu the reaction reprosentod by equation 3 : for 
direct experiment shows that carbon monoxide, which should ho ovolve<l according to 
equation 2, acts upon sodium sulphate, either alone or in presence of .silica, as follows : 

Na*’SO< -I- 4CO = 4CO® + Na'-S 

Na®SO« + SiO® + CO = CO® + SO® + Na®SiO’' 

Tho sodttim sulphide formed according to W first of thoso«. equations, acts further on 
tho sulphate as follows : 

3Na®SO^ + Na®S + 4SiO® ='4Na®Sip» f 4SO®. 

. • 

A similar reducing action is perhaps exerted by tho calcium sulphide in tho soda- 
residues sometimes uf»d in tlii mariufacturo^bf glass. 

Lastly, tho calcium airbonate in tho glass mixture acts on tho sodium silicate, form- 
ing calcio-sodic silicate, w4iich constitutiTo the glass: 

Na'SiO* + CaCO> + Sit)' = Na'Ca(SiO>)' + CO' 

(0. Schott, Dingl. pol. J, eexv. 529 ; Chem. Soc. J. 1876, i. 121). 

See also FrWy {Compi. rend. Ixxxi. 1154 ; Chem. Sov. J. 1876, i. 787). 

On the use of Soda-residue.s in glass-making, see E. W-aguer {IHngl. pol. J. eexv. 
358 ; Jahresh. f, Chem. 1865, 1085). On the utilisation of manganose-residuos in the 
same manufacture, see Jahresh. f. Chnn. 1873, 1042. 

On tho wear of the Melting-pots, and the best means of retarding it, see Platenka 
, {Lingl.pol. J. ccxxii. 322; Jahresh./. Chem. 1876, 1117). 

Formation of Gold-platinum Mirrors on Glass . — A plate of glass, having been 
well cleaned and polished, is covered witli the following mixture, which is fused upon 
it at a red heat. A solution of 500 grams of platinum in aqua regia is diluted with 
5 litres of water, and mixed with 2 kilograms of ammonia ; tho wa.3ied and dried pre- 
cipitate is dissolved in 50 grams of hydrochloric and 50 grams of nitric acid ; the 
solution is mixed with 50 grams of water,; tho whole is evaporated to dryness ; and 
tho residue is mixed with 2,000 gram.s of essence of lavender, 100 grams of tiirpontino 
oil, and 2*5 grams of silphuretted turpontine-balscim. Secondly, 30 grams of gold are 
dissolved in aqua regia ; the solution is ovaijoratod to dryness ; the residue shaken up with 
500 c.c. water and 600 c.c. other; tho ethereal layer pipetted off and added to tho 
platinum solution ; and the ether evaporated. Lastly, to the mixed solution thus 
prepared is added an intimate mixture of 50 grams litharge, 50 lead borate, and 100 
lavender oil ; and tho whole, after having been rendered homogeneous by shaking, is 
laid upon the glass (Dod6, Dent. Chem. Ges. Her. »i. 1273). 

On the Etching of Glass with hydrofluoric acid, see Ileck {JHngl. pol. J. ccxv, 
129); Siegwart {iM. eexx. 479); also Jahresh./. Chan. 1875, 1094; 1876, 1117. 

Coloration of Glaoo by Metalsl Copper-ruby Class. (Ebell, Dingl. 
pol. J. ccxiii. 53, 131, 212, 321, 401, 407 ; Chem. Soc. J. 1875, 486). Many motids, 
namely noble metals, such as go]^ and silver, and easily reducible metals like copper 
and lead, are capable of dissolving as such in meitod glass. Gold, silver, and copper 
can enter as metals into glass in two molecular states, in one of which they do not 
colour the glass, while in the other they produce a strong coloration. The non- 
colouring molecular condition of the metals torrespondswith the highest temperatures 
and the nascent state ; the colouring molecular condition, with the lower temperatures 
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and tho solid state ot the metal. The pass&ge from the fornior of these molecular 
states to the latter is called ‘ tempering* (Anlaufcn). 

Copper-ruby glass is prepared by twi methods : 1. lly coloration of the ready- 
made glass (Las^). Copper and iron sc.ale| and ochre arc riibl}od with oil <^f turpen- 
tine to a thin paste* which is applied to tho glRss*ljy a brusli ; and after drying, tho 
glass is lieated in tho furnaco, ttrheroupon it absorbs a portion of tho copper .^ix^uro 
and acquires a dark-grecn. colour. Tho development of tho ruby colour is^efifected by 
heating %llo cqppor in a muffle with wood-charcoal for a reducing agent. The colora- 
tion succeeds only with potash-glass free from load, •never witli cry^f or fliiit- 
^Jass. , • , 

Ftision Process. — The glass mixture and copper mixture .are fused together and 
tlK^ruBed mass is rapidly cooled, whereupon it appears colourless, or \i4th a faint grqpn 
Colour due to ironor other accidental constituents ; but on heating it furtliA to tho 
point at which it softens, tho deep rod colour is suddenly developed throughout tlie, 
mass {Anlauffarhe). 'fhis change exactly resembles that which is observed in tho 
development of the colour in gold-niby glass {2nd 555). 

Sfdutions of the above-mentioned metal|} in glass obtained by fusion, solidify 
unaltered when quickly cooled ; but on leaving them to cool slowly, tho metal separates 
out, always in the metallic state, cither .as a finely divided precipitate, or in crystals, 
microscopic or m.acroscopic .according to circumstances. 

Gold, silver, and copper, eitluir in tho solid state or in solution, exhibit in their 
optical rtdations a very close resemblance to colouring matters of mineral or of 
organic origin, such as Prussian blue, indigo, tho .anilino-dyes, murexid, &c. Many 
colouring matters, indeed, have in tlio solid stale a decided metallic*, lustre, and 'when 
finely divided or dissolved, a peculiar rich %nd bright colour, the tw'o colours thus 
exhibited being nearly coiifiplemcntary to each other. A similar relation exi'sl.s be- 
tween tho colours exhibited by gold, silver, jind copper in tho metallic sbite, and w'hcn 
dissolved in glass. Those metals, indeed, in tho st.ate of igneous fusion, are true 
colouring matters, far exccecfing the ordimary dye-stuffl« in the solid state in their 
density, and consequently in their power reflecting light (Ebcll), 

CrystallisatUm of Metallic Oxides from Glass. — Glass^at a full* white heat dissolves 
largo quantities of metollic oxides, .and ^eposits them on slow cooling in the micro- 
crystalline state. The oxides in whicdi this effect has been observed are stannic 
oxide, chromic oxide, manganese dioxide (dfssolvcd as mangauoso-manganic oxide), 
and alumina (Ebell, Bingl.pol. J. eexx. 64, 156, 288). 

Bottle-glass. The following table gives the mean results of a number of 
analyses of bottle-glass bv H. Miicagno (Chem. News, xxxviii. 5). The solubility in 
water was obtained by weighing tho quantity of material dissolved by 5 litres of 
water in one hour from 100 grams of finely-pulverised glass; tho corrosion-degree 
was ascertained by boiling 100 grams of tho same powder for one hour with 6 litres 
of potassium bitart, rate solution of 0’33 per cent., and estimating tlie quantity of 
t.artaric acid neutr.alisod : — 
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gray. 

K>0+ 

NaiO 

CaO 
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SiO’ 
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degree 

■^^ite glass (five samples) . 

2-453 

14-61 

8-22 

1-92 

" 75-34 

2-617 

2-020 

lught green glass (three) 
samples) . . . . ) 

Common green glass (cloven ) 
samples). . . .( 

2-474 

16-62 

7-73 

5-47 

71*27 

3-177 

3-976 

2-570 

10-92 

16-10 

10-34 

63-66 

2-600 

3-202 

Dark green glnss (two .sam - 1 
pies . . . . ( 

2-674 

3-38 

«6-68 

10-63 

58-59 

1-270 

1-276 

Bod-brown glass (six sam-) 
pies . . . .( 

Yellow-brown glass (seven) 
samples). . > . .( 

2-616 

16-^7 

9-28 

1 

688 

66-16 

3-470 

4-888 

2-653 

14-62 

1 

14-35 

802 

62-84 

2-604 

3-387 


One specimen of rod-brown glass contained a trace of manganese. All the samples 
contained magnesia; in the analyses, when in sufficient quantity to be estimated, it is 
included with the lime. It w'ould seem from the table that tlie chemical composition 
of glass is no criterion for judging of its quality. , The amount of base does not indi- 
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cate the resisting power to water or acids! The deop-groeu glass seems the best for 
wine-bottles ; the light-green, red-brown, and yellow-brown glasses are the worst, 
being easily attacked by solution of potasllum bitartrate. 

Com|(ositlon of Ancient GJafs. ^liy E. Peligot {Compt. m/lf. Ixxxiii. 1^29 ; 


Ann. Dhys. [6'1, xiii. 271). * The following results 

specimens qf ancient glass : — 

W’ero obtained from 

various 

SiO* ^ 

. 66*7 

66*0 

67*4 

70*9 

69*4 “ 

• 09*4 

CaO . . 

. 5*8 

7*2 

2*7 

7*9 

6*4 

7*1 

. APO», Fo^O’' and MnO- . 

. 2*8 

3*0 

ir*l 

4*6 

2*9 

2*8; 

K^O and Na^O 

. 24-7 

23*8 

21*6 

16*7 

21*3 

2j[*7 




— 

— 

— 

, 

t 


100(T 

1000 

lOOO 

1000 

r 100*0 

100 0 • 


Soda and potash generally occurred together, showing that the alkali was obtained 
from' the ash of marine plants. The proportion of lime was only tlif? liiilf or tlio third 
of that now in use, in consequence of which the glass genqfally altered cousi<iorably 
on exposure to the air. Some very old specimens of glass wmj found to coutiiin load ; 
one specimen of very heavy glass, weighing 1,000 grains to the cubic inch, contained 
nearly half its weight of lead oxide. 

Decomposition of Glass. Ordinary soda-glass is decomposed by ‘hot water 
much more eJisily tlian the potash-glass used for combustion-tubes. When distilled 
water is boiled in a flask fitted with two tubes bent downwards a little above tlio 
cork, one made of ordinary glass, the other of (?oinl)ustIon-tubing, and the ctndensed 
water ^hich drops from them is allowtd to fall on a piece of delicate red litmus- 
paper, the water dropping from the soda-glass tube w'ill (folour tho litmus distinctly 
blue, whereas that which drops from the tubo (jf potash-glass will produce no effect 
(Tollons, Dent. Chem. Ges. Bcr. ix. 1540). ^ 

Various pieces of old gla'ss examined by Do Luynes (Compt. rend. Ixxxiv. 303), 
were found to be covered with scales contfvning nearly iO per cent, silica, whereas 
the glass itself did not contai/i more than 08 per cent. The transparency of tho glass 
was not diminished by this change. ^ 

Glass submitted to iriHueiico).s which dccoinpost' it very slo-wly, such as continued 
exposure to moisture, to exhalations fi^m damp earth, or to amrnoniacal or acid 
vapours, often becomes covered with a thin film or scale, which exhibits very remark- 
able phenomena of irisation. This effect may bo imitated, and an adlicrcnt coating 
resembling mother-of-pearl produced, by sul'initting tho glass, under the influence of 
heat and pressure, to the action of water containing 16 percent, of hydrochloric acid 
(Fr^my a. Clemandot, Compt. rend. Ixxxiv. 209). 

Devitrification. — From numerous analyses of silicates separated from de- 
vitrified glass, Benrath {Diwjl. pol. J. cciii. 19) infers that ordinary dovitrifiod glass 
is not formed of tri- or tetra-acid silicates, but that glass in its ordinary state is 
a solution of silica or other orystallisablo bodies in a ground-mass (perhaps R0.2SiO-), 
and that in this, as in all otlier solutions, different temperatures correspond wit h 
different maximum-contents of dissolved substance. (.Mass, apparently homogeneous, 
is like a supersaturated solution suddenly solidified, and when it is softened, or when 
movements take place in the interior of the mass, tho crystallisablo const! taents, viz. 
silica and felspathic silicates, separate oiiK According to this view, the devitrification 
of glass is a change analogous to the separation of crystallised chromic oxide (chrom- 
aventurin), or to the 'turbidity which shows itself in milk- or alabaster-glass con- 
taining ealciiun phosphate or stannic oxide. • 

From analyses of throe specimens of devi trifled glass, and of the amorphous glass 
from the same samples, H. Schwartz {IHngl. pol. J. ccv. 422) infers that amorphous 
glass may be regarded as tho true mother-liquor of the crystals. The sp. gr. of tho 
crystals examined was 2*fl56 to 2 *(>60, that of ^ho amorphous glass 2*641 to 2*648. 
These samples, which wore from the, glass-works of Fr. Siemens at Dresden, contained 
from 6*22 to 6*87 per cent, of manganous oxide. The property of the manganous 
oxide to act as a flux, suggests the employment of manganiferous blast-furnace slags 
in glass-works. The manganese in those* slags is usually in the form of sulphide, and 
the sulphur might easily bo removed by tne addition of sodium sulphate, acconiing to 
the reaction : • 

MnS + 3Na*SO* == MnO -p SNa^O + 480^ 

So<^ and manganous oxide would thus bo disposible for the formation of silicates, 
while the sulphur would be got rid of (Seh\|artz). 

The tollowing analyses of devitrified glass, and of the corresponding amorphous 
glass, are given by H. Wieser {DingLpol. J. cciv. 390) : 
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6iO» A1»0* FeO CaO UgO MnO K»0 Na'O 3 

Amorphous . 77*08 2*08 0*22 5*77 tnico 0-14 M8 13-88 0*25 = lOO-GO 

Crystallised . 76*73 1-01 0-57 6-37 J*41 0-33 7*15 777 0 02 =. 99-36 

AccGipHling to th^e analyses, the crystallise) g||issi| contains somewhat less iSHlica than 
tho amorphous, and» about the same quantity of lima ; the crystallised glass also con< 
tains about six times as much potash as the amorphous, whereas the latj^r contains 
twice as much soda as the former. Henrivaux {Bull. Soc. Chm. [2], xix. 6) points 
out tha^Hhosip results are contradictory to those obtained by Polouzti^ Oiemandot, 
Bontemps, and others, who have shown that tho amorphous gla^jJJ always contains 
more alkali than the cry stills, ^whereas the latter are richer in silica and in lime 
{%id^uppL 656). Bontemps, on the other hand {Bull. Soc. Chim. f^ |, xxi. 166), is 
mojo disposed to admit tho correctness of Wie^pr’s results, and thinks that thg subject 
■oquiros further iiwestigation. 

Tho crystallisation-products in ordinary glass have also been examined by Schott 
{Pogg. Aim, civ. 422). Previous to tho formation of crystals in the glass, a film is 
produced on tlio sAface by volatilisation of the alkiili, exhibiting at first the colours 
of thin plates, but afterwerds b(‘Coming whit<^and opaqu(\ Beneath this film bubbles 
are formed by further volatilisation of the alkali, and it is from these that the crystal- 
lisation starts, at first in the form of imperfectly developed crystalline growths, which 
afterwards unite into compact crystals. The formation of tho crystals consists 
c'sscntially in a separation of the amorphous from tho crystalline constituents of tho 
glass. The crystiils consist of calcium silicate. Scliott also regards glass as analogous 
in constitution to a saline solution saturated at high temperatures, the alkali-silicate 
forming t4?e solvent of tho cjilcium silicate. As the temperature rises, the calcium 
silicate becomes more soluble, and when codied to a certain point, it separates ont. 
Tho solution of the calcium*sili(?ate in the sodium silicate easily passes, however, into 
tho supersaturated state, and such is condition in ordinary glass, and it is ordy 
when the glass is kept for a considorablo time at a red heat that the molecules of tho 
calcium silicate are able to unite together. In many passes made from impure 
materials, the rhombic crystals of calciunj silicate are ^accomp£V 4 ied by Iiexagoiuil 
erystfils of al ii in i na. 

XMtoulded-Glasfia In order that gltss may bo easily shaped by pressing it into 
a mould, without the necessity of heating tho^ mould too strongly, it must bo easily 
fusible, must not pass too quickly from tho plastic to the solid state,' and must be 
capable of softening quickly when heated before the mouth of tho furnace. Formerly 
lead-crystal ghiss (ii. 841) was the only kind that fulfilled those conditions ; thus a 
moulded glass analysed by BenWh /. ccxviii. 275) contained 60-80 per 

cent. SiO'*, 0*14 APO* (with ITe and Mn), 28*11 PbO, and 11*02 K-O. Such glass was, 
however, too clear for the purpose ; and, moreover, tho pressed vessels made from it, 
which are always thick- walled, arc too heavy. The first step taken to remedy these 
defijcts was tho substitution of soda for potasli. An English inouldcd-glass of recent 
manufacture, and having a density of 2*874, was found by Benrath to contain 61*27 
per cent. SiO’% 0*68 APO’ (with Fe and Mn), 33*36 PbO, 1*06 CaO, 7’65 Na-0, and 
7 07 K'O. This composition w-as obtainexl by molting together 300 pta. sand, 110 
minium, 10 chalk, 70 soda and pqtash ; other manufacturers Inive attained the same 
end by using liaryta Sr lime instead of lead oxide. Thus Bcnault, in Maestricht, by 
working with a mixture of 300 pta. sand, 80 minium, 40 limestone, 40 witherito, 
80 potassium carbonate, and 10 nitre, obtained*a glass having the composition : 

• RiO» PbO CaO BaO KH) • 

61*9 16*0 4*5 6*3 11*3 = 100 

and a* light moulded-glass of recent English manufacture, sp. gr, 2*524, gave by 
analysis .* • 

. SiO* SO’ PbO Fe>0’ BaO CaO Na“0 

74*19 0*28 0*86 0*68, 6*16 2*88 17*02 = 100*97 

American moulded beer-glasses were found by Ciplan {Dingl. pol. J. ccxxvii. 609) 
to have the following composition : 

BiO* Fe»0* APO* MnO Cap MgO Na®0 and residno 
76*00 0*19 0*11 0*38 6*18 0*62 18*62 = 100 

According to A. Frank, the American gl%8S is very fusible and has a density of 2*486. 

Alabaster-f Milk-, Bone-, Cryolite-, and Opal-Olaoi. By M. Hodk {JHngl. 
fol. J, ccxxiv. 623-628). The chief constituents of alabaster-glass are non-ferruginous 
sand and potash. The presence of sodium-^lts should be avoided, as they tend to 
produce transparent easily fusible glass. Most recipes include ' burnt bones/ but 

3rd 8t^, 3 li 



866 


GLASS. 


good alabaster glass can bo produced without them. Borax increases the lustre and 
fusibility of the glass, but is not absolutely necessary. Powdered talc is also 
advantageous. Good results are obtained by taking 100 parts sand, 40 parts potash 
containing; at least 96 per cent, of carbonito, 5 borax, and 6 talc. T||e potash mjy be 
reduced to 30 parts if a hot rogenetative gas furnace bo used. ^ 

Coloured glasses are obtained by adding, for turqudiso, copper oxide .and sulphate, 
or copper oxide with a little nitre ; and for chrysoprase, uranium oxide witli a little 
copper oifid-*. A grey violet colour is obtained by adding manganese «rdo and 
Ceylonese graphite. 

Milk- or Bone-glass is obtained by adding suffiqiont bono-asli or tin oxide. Of 
late bone-ash hjis often been replaced by burnt guano : ^ 

' («) 100 parts sand. • (/>) 100 parts sand. • .. 

30 „ bone-ash. 36 „ potash. 

30 „ potash. 30 „ burnt guano. 

6 „ borax; 3 „ ni<;ro. 

6 „ minium. ^ oxide. 

Cryolite is now applied in Bohemian works to imitate imperfectly French and 
Belgian opal-glasses. The effec t of cryolite depends mainly on its alumina. ^ The 
fluorine, however, acts prejudicially, on .account of tho volatile compound which it 
forms with silica. Too much cryolite renders the glass too opaque, and the fluorine 
injures the pots and furnace. Tlie following mixture yields a good glass : — 100 parts 
saud, 20 parts cryolite, 12 parts soda, 4 parts sodium nitrate, 2 parts zinc or lead- 
oxidq^ • ** 

An analysis of Belgian opal-glass gsivc : • 

SiO= rbO VcO • A1“0» K'O 

63-7 10*5 0-3 16*8 . 2'3 = 99*6. 

• 

Here the alumyia gives opacity, whilit the large quantity of lead oxide tends to 
the durability of the finisliod objects. Experiment shows that 100 parts of flnely 
powdered felspar free from iron, and 22 of minium free from iron and copper, form a 
completely homogeneous, fusible mass, easily worked without decomposition. This 
glass in its properties closely approximates to tho French and Belgian glass. MetAllic 
oxides yield very rich colours with it. See further Eboll {DingU poL J. ccxxv. 70 
.and 168; Chem, 8oc. Jour. 1878, xxxiv. 97). 

• 

Bard or Toughened Glass. This kind of glass, discovered by De la Bastio in 
1875, is prepared by heating ordinary glass to its softening point, then immersing it 
in a lioated bath of oil, fat, wax, paraffin, resinous or bituminous substances, and 
cooling it quickly. A. Bauer (DivgLjpol. J. eexv. 381) dips tho glass into a bath of 
paraffin heated to 200°, then cools it quickly to a certain point, and afterwards 
gradually. Tho best kind of bath is, however, a steam-bath, as it is free from tho 
danger of lire arising from the use of fat or oil baths, and may be regulated to any 
desired temperature by tho use of saturated, unsaturated, or superheated steam. 

Glass treated in this maimer is so hard that it cannot bo cutewith a diamond, and 
has a density of 2-460-2*468, that of ordinary glass being 2-429-2-438. It does not 
differ in appearance from ordinary glass. Plates of it may be repeatedly thrown on 
the ground without fracture, and give dut a peculi{y' ring ; but if they do break, they 
crumble into a mulf itudo of small angular fc-igments ; and tho same sudden disintegroi; 
tion sometimes takes place witliout any apprent cause. The tenacity of glass toughened 
in an oil-bath is said to bo equal to 601 kilos., and of glass toughened in a steasi-bath 
700 to 1000 kilos, per square centimeter, whereas that of ordinary glass is only 220 
kilos. Bottles of toughened glass have been found to st and a pressure \)f 62 atmo- 
spheres, whereas ordii^y glass bottles of the same thickness stand only 39 atmospheres. 
I)e la Bastio {Dingl. pol, J. eexx. 186) found tthat a plate of hard glass 6 mm. thick 
was broken into fragments by a weight of 100 grams lot fall upon it from a height of 
O' 8 meter. A plate 3 mm. thick withstood the fall of the same weight from a height 
of 6 mm., but was broken into very sn^ll fragments when tho weight fell upon it from 
a height of 5-75 mm. A strip of hard glass withstood the heat of a flame without 
cracking, and remained unaltered when dipped into cold water, and heated in tho 
flame while still wot. Pilfifti (ibid. 187) found that blue hard glass had a sp. gr. 

2*622, hardness = 6, and contained 68 per ^ent. silica, 10 lime, 2 alumina, 17 alkalis, 
and 3 maraesium, iron, chlorine, and cobalt-compounds. 

Recording to Luynes a. Feil (Compt. rend. Ixxxi. 341), hard glass breaks in & 
similar manner to Kupert’s drops. A'disc of it may, however, be bored through in 
tho centro without breaking. A square plate of hardened mirror-glass from St, Gobain 



• GLAUBBRITE— GLAUCOPHANE. m7 

showed in polarised light a diirk cross, the^arms of which were parallel to the sides of 
the square. The plate could be sawn orgcut, without breaking, in the direction of 
those arms, but not in any other. • 

%Tho pcculia? constitution of tough encd;gla«s v not very well understood, but there 
can bo no doubt that its molecules are in a state of^ension like those of Kupert’s drops 
*and uiiannealod glass in general. According to Bauer, the effect of the S’idden cooling 
is to preserve the homogeneity of the glass ; slow cooling may give occasion to a dis- 
intognlfion qf the homogeneous mixture of silicates, wWch is less li}ibl(/;o» tiiko place 
when the mass is quickly cooled. Pocklington (Pharm. J. Trar^. [3], vi. 5) infers 
from optical examination thatfthe physical structure of hard glass is exactly the same 
*18 iJiat of glass under strong pressure, and ho attributes its peculiar|properti(;s to the 
fi^t that it consists of a layer of ordinary glat^ enclosed between two layers »f rapJhly 
• cooled glass. The slightest disturbance at the surface of contact of the layers in these 
different states of tension, causes the gla.S8 to fall to powder. The glass, if very 
uniformly hardened, may bo worked with a file wotted with oil of turpentine, and with 
proper precautiod it may bo polished on a stone. Hydrofluoric acid attacks the soft 
parts of the glass more ntrongly than the hvd parts, so that wave-lines are produced 
on the surface, corresponding exactly with thoso which the glass exhibits in polarised 
light. 

On Soluble G-lass, containing Alkaline Bases only, see R. Moyer {Dingl. pol. J. 
ccxxvii. 280 ; Chem. Soc, Jour. [1878], xxxiv. 634) : E. Boll {Bingl, ccxviii. 47, 160 ; 
Chem. Soc, Jour, xxxiv. 689, 768). 

Gl^AUBSllZTB, SO^Ca.SO'Na^ (ii. 846). From measurements of the crystals 
of Glaudorito from Wcstereg(iln, near Magdeburg, v. Zepharovich {Jahrb. Min. 
1874, 543)deducosthoaxialratio,a : b : C-V2199 ; 1 : 1’0275; anglc,«c:=:67°49'10". 
W. Schimper 1877, 401) describes glauberite crystals from Peridschab, where 
it occurs attached to cubes of roek-^lt, in forms having exactly the habit of tin; 
crystals from Westoregcln. The forms observed were OP, — P predominant; then 
coP and oopQo, with well-dpvelopod faceg; and sometimes — P, 2P-oo, and 
but only very secondary. Ijiispeyres 947) describes glauberite from Aranjiiez 
occurring on nodules of grey clay in crystals not more than 20 mm. long, but colour- 
less, not altered by exposure to the ^ir, and with well- developed &ces. Axes, 
a : b : 0 = 1*220924 : 1 : 1*0270307 ; angle fl<r*=07® 49' 33", agreeing nearly with tlie 
measurements of v. Zepharovich. The most frequent combination is 
— P, ooP . OP . ooPoo, with 3P3 and P secondarily. 

GXiBVCODOTSf or oobalVarsenical-pyrites, is found at Kakausbo in lai’go twin 
crystals, whoso form full^ coincides with the acontite of Breithaupt. The forms 
observed wore ooP, coP ob, P6b , ^Poo , Po5 ,2Pob , P,P2. Twins according to two 
laws, the first being * the twin-plane a face of ooP’ ; the second ‘ the twin-plane a 
face of Pco .’ As tho angle between two faces of this form is 61° 3', a trilling can 
grow having a hexagonal appearance, 

A trilling of this mineral is to be seen at the British Museum (W. J. Lewis, 
Jahrb. f. Min. 1877, 300). 

GXiiiUCOHYiyiOBXiZiAGZC ACip, An acid formed by the pro- 

longed action of sodium-amalgam on cllagicacid (p. 731). 

GBAUCOirZTB. Tills iron silicate, wlqch occurs in nodules in the greensand 
of various localities, is, accordifig to F. Anger {Min. MittheU. 1876, 163), not 
limorphous, but possessed of double-refracting structure. F. flenalqiie {Jahrb. f. 
Min. 1875, 422) has analysed glauconite from Belgium, where it occurs widely 
diffused as glauconitic sand ; he finds it to contain 

SiO* Fc-O" FeO CaO MgO K‘0 Na"0 H»0 

60*42 4*79 19-90 5*96 3*21 2*28 7-87 0*21 5*28 = 99*92 

whence the formula 3B0.2R®0*.4Si0*.^H®0, in which RO=s(Fe, K®, Ca, Mg, Na®)0 
and R®0* = (Al, Fe)*0* {compare ii. 846 : \st 8uppl. 636 ; 2nd Suppl. 556). 

GBAVCOPBAlsrB (also called Wichtvm v. 1038). This mineral, originally 
found in Finland, occurs ^so at Zermatt and iit the island of Syra. The glaucophane 
of Zermatt has been examined by Bodewig {Jahrb. f.JMin. 1876, 771), that from 
Syra by Luedecko {ibid. 778). ^ 

Glaucophane belongs to the hornblende family, and may be classed with arfwed- 
Honite, achmite, and segyrine. The crystals from Zermatt exhibit only the prismatic 
zone ooP . co¥co . ooi^ae , the forms OP and + F occurring but seldom. Angle 
ooP: 00 Pa 124° 44'. Oleavage very distinct parallel to ooP, the angle being 
124° 30', which is that of hornblende. Hardness a6'5, sp. gr. a 3*0907 (&dewig); 

3 Xi 2 
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S'lOl — 3-113 (Liidccko). The chief directibn of elasticity (the second bisectrix)_lics 
in the acute angle formed by the crystallo^aphie axes a and c \ 4*24 for r(>d light 
(lithium), 4*16 for yellow (sodium), 4-13 for grecii (thallium). The optic axes lie in 
the plane 6f symmetry. The optica] clyirafeors are negative. The mif ernl is stroi^ly 
pleochroic, and absorbs light. Before the blowpipe it molts to a gfreyish-wliite non- 
magnetic cnr.mol. 

Tho moan of two analyses by Bodewig of the Zermatt mineral gives the following 
values: V c r 

r SiO* AP()=* Fo’O* FcO MjjO CaO Nji»0 

57-81 12-03 2-17 5*78 13*07 «*20 7*33 = 100-39 

whWe ^.he formula wh’ch K= Fo, Mg, Ca, Nn®, and ft=Al, Fe. * , 

An analysis of tho glaucophaiic from Syra gave ^ 

SiO» APO* Po"0* rtiO MiiO MgO CaO Na*0 

56-64 15*11 3*08 6*85 0*56 7*80 2*40 9>34 « 100*78 

whence Ludecke deduces the formula 3Xa*Si0®.6ll"Si0“.3Ai^Si’0®.FVSi*0®, in wliich 
R = Fo, Mn, Mg, CO. 

StriiveFs gastaldito (p. 868) is completely isomorphous with glaucophane, but 
contains a larger proportion of aluminium silicate, AFSi^O® (Bodewig). 

GKAUCOPBAKB-llOCILS. Glaucophane occurs, similarly to hornblende, ns 
a constituent of rocks. In tho glaucophane eelogites of Syra, tho smaragdite, which 
is an ordinary constituent of oclogites (p. 703), is replaced by glaucoplianq. Glau- 
cophar.e-slate also occurs in 8yra, together with mica-slatc containing glaucophane 
as an accessory constituent. ^ 

Crlaucopham-edogiie consists principally of glaucophane, omphacite and garnet, 
with muscovite and quartz as secondary constituents, and appoaching nearly to tho 
eelogites of von Drasclic. The mica-sJatc is found in t-^fb modifeatious, one consisting 
of parallel layers of, muscovite and quartz^ with numerous glaucophane pi-isms and 
small garnets as accessories i the other is quart.zo.se, consisting of many layers of 
(juartz one meter tliick, .separated by thin films of muscovite, the accessories glauco- 
phano and garnet being isolated. The eclogiie-viica’Slate unites tho constituents of 
glaucophane-eclogite and mica-slato. K consists of thin parallel layers of muscovite 
enclosing ellipsoidal quartz-masses, together with glaucophane, omphacite and garnet. 
Glauco 2 ^ime'Slate was formerly described as a disthene-rock, but is now found to consist 
of parallel layers of glaucophane .separated by while or greenish muscovite, with 
epidoto and hematite as accessories. Virlot described lycks intermediary between 
glaucophane-cclogite and glaucophane-slato (poor in mica), to which Liidecko 
assigned the names omphacite-zoisite-gabbro and epidote-glaucophane. TIio first 
consists of omphacite and wjisite, has a granular structure, with talc, muscovite, 
opidoto, tourmaline and calcite as accessories ; the second is a granular mixture of 
epidote and glaucophane, with omphacite, zoisito and garnet as accessories. Glaiwo- 
phanc-soisite-omphacile rock consists of the three minerals included in its name ; there 
is also a slate having the same composition. SmaragUe-chloriie rock is a granular 
mixture of smaragdite and chlorite with glaucophane, epidot^^ and garnet. Tho 
crystalline limestone w'hich covers the mica-slato contains mrica and glaucophane 
(Liidecke). ^ 

G&ircZC ACID. From tho experiments of Groto a. Tollens {Liebig's Annalen, 
clxxv. 181) it appoaVs that tho acid thus named by Mulder (ii. 848) has no separate 
existence. His acid calcium glucato is identical with calcium levulinate, C*H®CaO* 
(sec Levulinic acid) ; and tho other salts which he describes as calcium glucates 
appear to be derivatives of a carbohydrate, and to bo formed bj/( the action 

of caustic lime on dextrose. 

GXiVCZlffiniK or BSATXi&lVM. Tho atomic weight and specific heat of 
this metal are still under discussidh. J. Emerson Reynolds {Thil, Mag. [6], iii. 38) 
has determined, by means of a very delicate alcohol-thermometer, the weight of 
glucinum which at 100° contains the same quantity of heat as 108 parts (1 atom) of 
silver. This weight he finds to bo 0*2, which therefore, according to tho law of 
Dulong a. Petit— that tho atcyaic weights of all bodies in the solid state contain the 
same quantities of heat — must be the atomic weight of glucinum; and since the 
equivalent number of glucinum is 4*6 (ii. 862), it follows that glucinum must be a 
dyad, its chloride being GOP and oxide GO. This result is in accordance with the 
periodic law of tho atomic weights of the elemente {2nd Suppl. 462). ' 

On the other hand, Nilson and Pettersson {Detd, Ohm. Ges. Ber. xi. 381) have 
determined, by moans of Bunsen's ice-calorimeter, the specific heat of glucinum 
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obtained by reducing the chloride with mkinm in an iron cylinder. The metal thus 
prepared contained 87*09 per cent, of jmro glucinuiii, the rest being made up of 
glucinum-oxidc, iron, and silica. Corrections having been made for these impurities, 
th^ specific he^of the pure metal betweei? O^^and 100° was found to be 0* W)79, which 
is about two-thirds of that determined by KeynoWs. According to this rcvsult, the 
• atomi**, weight of glucinum slfould bo3 x 4*6 = 13*8, and the metal should be trivalcnt, 
the chloride being GCP and the oxide 0*0®, as originally supposed by H?rzelius. 

"Wliliti this atomic weight, however, it is difficult to assign to glucinira ^ny places in 
the periodic scries, and on this account Ijothar-Me}*er (Deut. Cherr/ Gti. Her. xi. 
.r)76) considers it most probab^i^ that, if glucinum be really trivdlent, its equivaltwt 
•4*6, determined by Awdejew (ii. 852) is too high, and that its atomil weight, instead 
of 1 3*8, should bo between 11 and 11*15, giving it a place in IvAndelojoff’s toble 
^ Between boron jyid carbon. AVith this atomi5 weight it would form the first member 
of the aluminium group, separated by the regular difference of 16 from the next 
member, viz. aluminium (27*3). lloron, hitherto placed in the same column with 
aluminium (sec table, 2nd Suppl. 463), would then form the first niombcr of a special 
group, so that between tjio alkaline earth-group and tho nitrogen-group there would 
in future bo, not merely two, but at least tliree groups, headed respectively by boron, 
aluminium, and carbon. 

Another point noticed by Lothar-Mcyer as of some importance} in deciding the 
ituestion .as to tho atomic weight of glucinum is that the atomic heat of oxygen, if 
calculated from the difference between the atomic heat of trivalent glucinum and tho 
molecular heiit of its oxide, G*0®, comes out equal to 2*5 instead of the usual value 
ranginfi^from 3*5 to 4*8 (Kopp, Lu^ig\<i Annnlen ; 87'd Suppl. 290). This anomaly is 
unfavourable to the view which regards ghteinum as a triad. 

The glucinum prepared by Nilson a. Pettersson, which, as already observed, was 
contaminated with silica, iron, and glucinum oxide, formed prismatic crystals, partly 
microscopic, and having tho colour jmd lustre of steel. Its sp. gp. at 9° was 8*9101, 
whence, by calculation, that 6f tho pure metal was fouuAto be 1*64. Glucinum is not 
altered by contact with tho y,ir, neither does it decompose water. It dissolves in dilute 
acids and in caustic aikiilis, with evolution of hydrogen. * It is not attacked by oxygen 
or sulphur even at a rod heat, but burns when heated in chlorine. 

Glucinum iodide^ mixed in solution with an equivalent quantity of bismuth or 
antimony iodide^ forms double salts which, wMien left to evaporate for a few days over 
sulphuric acid, aro obtained in well-defined crystals having tho form of elongated 
prisms ; they are, however, so hygroscopic as to preclude the possibility of exact 
chemical or cpystographical examination. Alnmmiim iodide yields similar double 
salts, which, however, form tabular crystals (A. Wclkow, Dcut. Chm. Ges. Ber, vii. 
803). 

Glucinum PalladiosochloridCf GCl-.PdCl“-f 6H*0, is obtained in deep-brown, 
very hygroscopic tabular crystals, by leaving a mixture of the concentrated solutions of 
its constituent chlorides to evaporate over sulphuric acid. It is also formed, with evo- 
lution of chlorine, by heating a concentrated solution of glucinum palladiochloride, 
GCP.PdCP. It is soluble in water and in alcohol (Wolkow). 

Glucinum Vln.iinochl(Hride^ GCl®.PtCP, crystallises with 8H'‘0, according to 
Marignac (A. Arch, ph. nat, 1870, 374), Wclkow {Deut. Chem. Ges. Ber. 1873, 1288), 
and Thomsen {ibid.. 1874, 75), not with 9H^O, as formerly stated by Thomsen (2«dl 
Suppl. 558). Marignac confirms the observation of Thomsen that the crystals belong 
^ to the quadratic system, and finds that the angle of the terminal edges of the octohedral 
crystals is equal to 115°. Tho constitution of this salt is regarded by Nilson (Deut. 
Chem- Ges. Ber. ix. 1056, 1142) as tending to show that glucinum is a dyad metal, 
inasmuch as metals of higher quantivalence do not appear to form normal, but only 
basic pladho-chlorides, and tho decidedly trivalent metals, such as bismuth, arsenic, 
and antimony are not ^own to form platinochlorides at all. 

o&vcoirzc ACID, f This acid, which Hlasiwetz a. Habermann 

obtained by tho action of chlorine-water on glucose or on cane-sugar {2nd Suppl. 669) 
may also be produced, together with dextronic acid, by tho action of bromme-water 
and silver oxide on starch. The product tho oxidation, saturated with calcium 
carbonate, yields calcium doxtronate, and wiih barium carbonate, barium gluconate, 
which, on evaporation, dries up to a gummy mass, subsequently yielding acicular 
crystals. Paramylum treated in like manner, yields,* on neutralisation with baryta, 
the barium salt of dextronic acid, and^with lime, a salt which, from its composition, 
^ solubility, and amount of crystallisation-water, appears to contain an acid isomeric 
with dextronic and gluconic acids. The free acids are obtained as sour colourless 
syrups, hut gluconic acid may be subsequently crystallised. The acid from paramylum 
is converted by the action of bases, such as baryta, into dextronic acid, and the latter 
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by tho farther action of the base, appears to bo transformed into gluconic acid 
(Habermann, Liebig's Annaleii, clxxii. 11). 

OliUCOSfi. See Sugars. ^ 

OXiUTAMXC or AMiD6GXiVTARZC ACZB. ^ C^H”NO^ = 

niT‘» pQStr 0 * 

See Glutauic Acid uiicler Pyrotartabic Acids, 

OZiUTAVXC or OXTOnTiUTARXC ACXB, = CH(OH)(PH2.WH)’*. 

See PyeotartaRic ^cids. 

GXtVTARXCp’ ACXB. Syn. with Normal PyrotAtaric Acid « 

VZiUTrxir. Vsee pROTEiDs. , * , 

GXiTCBBAMXNB (TRXMBTHYB-), G*IT'sN02=CW(CH^»N0-', is formed ' 
by heating monochlorhydrin witli trimethylamiiie till the odour of the latter is no 
longer perceptible. On adding to tho resulting liquid a concoiitRitcd solution of 
platinic chloride, and leaving it at rest, animoniuni platii^ochloride separates out, 
and tho liquid iiltered from this preeipitauc and evaporated, yields a crystalline mass, 
whilst the mother liquor retains an uncrystallisable substance which is precipitated 
by alcohol, and appears to be tho platinochlorido of monomothyl-glyccramino. Tho 
crystalline mass, purified by pressure and reerystallisation, yields the plativovhloride 
of trvmthyUglyccramine^ (C*U*^NO‘MlCl)*PtCl*,in orange-coloured tablets apparently 
belonging to the orthorhombic system. These crystals are soluble in water, either 
hot or cold, and tho aqueous solution is not decomposed l)y boiling. They arc insolu- 
blo in alcohol, and give oflf hydrochloric a^d in a vacuum. Tho hydrochlorUlCt Obtained 
by decomposing tho platinum-salt with hydrogen snlphii^o, is a colourless, syrupy 
liquid, which, when treated with silver oxide, yields tho corresponding hydroxide 
(Hanriot, Cmnj^t. rcnd» Ixxxvi. 1336). • 

onoESIC ACXS, = CIFOH.CnOH.COOfe, or, according to AVislicenus, 

CH*OH — COH — OHOII {2nd Su^pL 719).‘ According^to E. Mulder (Deut Chm, 

I — 0 — * 

Ges. Ber. ix. 1902), this acid is b('st preparodeby mixing 50 grams of glycerin (com- 
mercial) with 50 grams of water in a la^e glass tube, placing this in a collar, and 
adding, by moans of a funnel reaching tontho bottom, 60 grams of fuming nitric acid. 
After three or four days the contents of three such tubes are slowly evaporated on 
tho water-bath down to about 270 grams, and tlio syrupy mass thus obtained is pre- 
served in a flask allowing the escape of tho gas, which is slowly given oflT. 1620 grams 
of tho syrupy mass are next mixed with 11 litres of watci*iii a tinned copper vessel, 
2400 grams of white lead are gi’adually added, and the mixture is left to stand for a 
day. Tho vessel is then warmed, with consbint .stirring, to 61 "-66°, and kept at this 
temperature for two hours. The liquid is decanted and allowed to dei)Osit crystals, 
the mother-liquor added to tho solid mass, tho water lost by evaporation replaced, 
and tho operation repeated two or three times. The lead salt thus obtained is almost 
colourless, and, for ordinary purposes, need not bo recrystallisod. 

When glyceric acid is distilled in a retort over an onen flame, and the distillate is 
treated with hydrogen sulphide, an acid is obtained which crysUillifcs in large colour- 
less laminae, melts at 83°, and agrees in composition with tho formula C*H'’‘0^2H'-'0. 
Its barium salt has the composition C"H*^a0^3H'‘^0 (Bottinger, Deut, Chem. Ges, Ber, 

X. 266). • 

Gly corates. — Tie strontium salt^ (C’H®0*)“Sr, obtained by saturating tho acid * 
with strontium carbonate, separates after a while, on adding a little alcohql to 
tho solution, in groups of crystals, nearly insoluble in cold, easily soluble in hot 
water. Alcohol precipitates it as a crystalline powder. The magnAmm salU 
(0®H®0^)2Mg-h3H*'*0, separates from vciy concentrated solutions in stellate groups 
of small crystals, which quickly effloresce on exposure to the air. It dissolves very 
easily in cold water and withmodeufttofacilitj^in alcohol; becomes anhydrous at 100°. 
The copper salt^ (C*H*0*)*Cu, prepared by boiling the load salt with cupric sulphate, 
and purified by repeated crystallisation, Jias a fine sky-hlue colour and brilliant lustre. 

It dissolves somewhat sparingly in colc^ easily in hot water. By prolonged heating 
in moderately dilute solution, it is decomposed, with separation of cuprous oxide, and 
tho liquiil separated therefrom fi.nd concentrated over sulphuric acid, yields a verdigris 
green salt easily soluble in cold water and alcohol. Cupric glycerato is precipitated 
by alcohol from its concentrated aqueous solution in the form of a pale blue crys^line 
powder. The copper is not completely precipitated from it by potash. The manganous * 
sodt^ (C®H'*0^)*Mn + 3H®0, prepared like tho copper salt, forms small, hard, shining 
crystals, sometimes united in spherical groups. It dissolves in water and in ffllute 
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alcohol. It givea off water on exposure Jto the air at ordinary temperatures, and 
more at 100°, the total loss then amounting to 1 mol. At a higher toinperaturo it 
gives off 1^ mol. more, and assumes a pcafth-blossom colour, and at 120° it begins to 
decompose. The solution of the pcacli-bl|)ssom coloured salt, (C*H®()^)“]Vrn + 
inafcmall quanflty of water, yields, after a wlfilc,ptho ])luo crystals of the tri-liydrated 
^jalt (K. GarzarollT-Thurnlak,,AicA«j(/’.^ AnnaleUt clxxxii. 190). 

Glyceric Anhydride, C’H’O®, separates from an fiqucous solutioti of glyceric 
acid, evaporated at 100° and left at rest, in microscopic crystals, .and on recrystallisa- 
tion from wAter, in slender six-sided needles. It is iflsohible in col^ilcohol and in 
boiling ether, but dissolves ig 647 parts of boiling water, by which; moreover, it »is 
wory slow'ly reconverted into the acid (Sokoloff, Dent. Clmi, Ges, xi. 679). 

, GLYCERIC ALDEHYDE, CW0»=.G2II3(0II)2.C0H (A.Rcnard, Cwij)t.'?md. 
•Ixxxii. 562). TlRs compound is formed by the action of electrolytic oxygen on glycerin 
suspended in dilute sulphuric acid. Ilydrogen is evolved at the negative polo, and at 
the positive a mbeture containing Ij per cent. CO* 33 percent. CO and 64 per cent. 0 ; 
and on adding calcium carbonate to the liquid after forty-eight hours, to remove formic, 
acetic, and glyceric acids,* t hen filt ering, distiiling, and leaving the distillate to evaporate 
over sulphuric acid, and drying, a white amorphous residue is obtained, consisting of 
hydrated glyceric aldehyde, 4C*H®0* -t 11*0, slightly soluble in water, nearly insoluble 
in alcohol and in ether, melting at 71°-72°, boiling and subliming at 130°-135°. 

Glyceric aldehyde reduces aramoniacal silver nitrate , yields with oxidising agents 
(chromic acid, nitric acid, pobissium permanganate, silver oxide) formic or acetic acid ; 
by electrolysis, formic acid and a mixture of CO and CO* ; and when treated with 
sodiumvimalgam and water is apparently converted into glycerin. 

When a solution of glyceric aldehyde* is treated with ammonia, the iffixture 
evaporated, and the diy residue repeatedly crystallised, crystals are obtained, very 
soluble in water, hut insoluble in alioliol and in ether, and having the composition 
C®II*N*. This compound sublimes at 120°“1 30° without previous fusion, is reconverted 
into glyceric aldehyde by sulphuric or hydrochloric acid, but is not attacked by a 
boiling solution of sodium cArbonato. • % r 

Glyceric Thioaldchyde, C’H®S*O.H*0, is formed by the action of hydrogen 
sulphide on a solution of glyceric aldehyde heated to C0°-80°. It has a waxy appear- 
ance, melts at 80°-82°, boils at 180° -185°, dissolves sparingly in cold, very easily in 
hot water, but is insoluble in alcohol and other (Renard). 

GLYCERZN, C*H«0> = CW(OH)*. Synthesis. Friedel a. Silva (Compt. rend. 
Ixx^d. 1594) have prepared g^cerin synthetically from propylene chloride, obtained 
without the intervention oi any allyl-compound or other derivative of glycerin itself. 
Propylene, C*H®, prepared by converting acetone into pseudopropyl alcohol, and 
heating the latter with zinc chloride, was passed into a concentrated solution of 
iodine chloride ; the propylene chloriodido thereby produced was suspended in water, 
and chlorine gas was passed into the liquid, till the iodine at first precipitated was 
redissolved ; and the pure propylene chloride thereby obtained was heated in small 
quantities with diy iodine chloride to 140° in sealed tubes for eight hours, the tubes 
being opened after a while to allow the escape of hydrodiloric acid, then sealed up, 
and again heated fi#r eight lioflrs to 140°. To remove the excess of iodine, the con- 
tents of the tubes were mixed -with water, and chlorine passed into tlie liquid till the 
whole of the iodine was dissolved in the water as iodine chloride. The product 
(146*9 grams) separated from the water ani dried, yielded on fractional distillation 
•18*8 grams of impure trichlorhydrin (boiling point 1 50-1 g0°), containing about 
60 per cent, of tetrachloropropano. The formation of the tricldorhydrin may be 
repilsented by the equation : 

• C»H*C1* H- 2C1I = HCl + I* + C*H»C1». 

The impure trichlorhydrin heated with water to 180° yielded a small quantity of 
glycerin, which was recognised by conWsion into^acrolein and allyl iodide. 

Properties, — ^The crystallisation of glycerin at low tempratures has already 
been mentioned {Ut Suppl. 638). Accordine to F. Nitzsche {Diml, pel, J. ceix. 146), 
a method of obtaining glycerin in ciystals yas discovered by Kraut in 1870. This 
method (which is not described) is applied in the works of Saig and Co. at Liesing, 
near Vienna, to the purification of glycerin, the crystals being freed from adhering 
mother-liquor in a centrifugal machine, then dried and melted. These crystals are 
described as monoclinic, absolutely colourless, having a pure sweet taste, vety highly 
* refractive, and molting at 20° to glycerin having a density of 30^ Bm. According 
to y. von Lang, on the other hand {Pogg. Ann. dii. 637), ^^ese crystals are ortho- 
rhombic, with the axial ratio at h » cm 0*70 : 1 : 0*66. They are very deliquescent. 
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P. van Kamel Boos (Chem. Soc. J. ]|376, i. 661) describes crystallised glycerin 
(56 lbs.) which appeared to have been solidifi<Mi by the agitation of railway transport 
during the low temperature of January lt76. The crystals were monocliiiie, colour- 
less and had a pure sweet taste. On jutting Some of them into ordinary good 
glycerin, splendid crystals began to form, most of the impuriti^ remaining in the 
mother-liquor. The crystals melted at F., and the density oi the liijuid at this 
temporaturoiwas 1*261. According to A. Winkelmann {Togg. Ann. cliii. 481), the 
density of glycerin is 1*220, and its specific heat 0*6 12. According to Oppvi#^icim a. 
Salymann Chem. Gea. i5cr. vii. 1622), the corrected boiling poirtt of glycerin 

lyidor 75o*56 nW. pressure is 200*08®. 

Moderately fconceutrated glycerin heated to 150°* burns with a blue flame, an^. 
mjw bo burnt fijmi a wick, without (xiour or residue (R. Oodeffroy, ibid. 1506).* K. 
Scncringi*(i?m//^. pol. J. eexv. 287) observes that glycerin does not ri^o high in a wiik.^ 
Its flame is colourless, and therefore well adapted for experiments on flame-coloration. 

Ucactions. — 1. Glycerin heated with sinc-dmt yitdds, together with fin oil, a 
mixture of hydrogen and propylene, the bromide of which boils *t 142^ (Kerstein, 
J)eut. Chem, Gcs. Ber. ix. 695). , 

2. When glycerin is somewhat strongly lioatcd for several hours with sodium 
sulphide^ a liquid passes over, which, on fnictional distillation, yields, together with 
products of higher boiling point, an ethereal liquid having an alliaceous odour, a 
density of 0*825 at 15°, and boiling at 58°. The alcoholic solution of this liquid is 
precipitated white by auric chloride and mercuric chloride, light yellow by silver 
nitrate, orange-yellow by lead acetate. It is violently atbicked by nitric acid. Mer- 
curic oxide dissolves in it, and on adding the oxide to saturation, the liquid ^parates 
into tu'O layers, the lower of which soliditjes to ji crystalline mass. The crystals thus 
obtaiiTCd dissolve easily in ether and in carbon bisulphide, ^uid the compound crystal- 
lises from it in silky needles melting at 35° (Schlagdonhaufen, Compt. rend, Ixxvi. 1021). 

3. When glycerin is heated in a retort ys\t\i*aluminium~foil and iodine, the latter 
being gradually added, fin ojly liquid containing iodin# passes over sit 200°, and on 
washing this liquid with -svator, dissolving it in alcohol, ;yid shaking the solution with 
mercury, a yellow mVcury-aWyl iodide, C^ll^llg.I, is formed, which dissolves in warm 
alcohol, and separates therefronj, on cooling, in shining nearly white scales which 
quickly turn yellow. The alcohol from whiclf' the mercury-compound Liid sopfiratod 
gave no precipitfite with water, tliercby jfhowing the absence of pseudopropyl iodide. 
The end-reaction of aluminium iodide with glycerin may therefore be represented by 
the equation : 

2Cm*(01I)® + Ar-I« = 2CTPI + APO* + 3U^O + 21^ 

analogous to that which represents the reaction of glycorfti with phosphorus iodide 
(Hodgkinson, Chem. News, xxxv. 237). 

4. Glycerin heated -with formic acid is reduced to allyl-alcohol : 

C=*H-'(On)» + HCOOU = C»H^On + CO*^ + 2WO 
(Henninger, Bull. Soc. Chbn. [2], xxi. 242). 

5. When glycerin (2 pts.) is heated fur some time to 120''-130° with phenol 
(2 pts.) and sulphuric acid (3 pts.), the mixture assumes first a yellow, then a 
yellowish-rod, and finally a dark red colour; and on fiffssolving tlfe thick mfiss after 
cooling, in water, a brownish-yellow liquid is obtained from which hydrocliU>ric ;icid 
throws' dowm a colouring matter easily^ soluble in wafer and in alcohol, sparingly 
soluble in other ; it does not crystiillise from these •solutions. It is coloured a lino 
red by alkalis and by, salts having an alkaline reaction, and forms lakes with baryta, * 
alumina, lead oxide and other oxides. Heated with aniline, it is converted into f^ red 
colouring matter which acquires a violet-red tint when treated with ammonia. Similar 
bodies are obtained with pijrogallol and thyiml (C. Reichl, Chem.%Ges. Ber. 
ix. 1429). 

6. Conversiwn of Glycerin into Acefone. — When dichlorodibromacetonc, obtained by 
the action of bromine on dichlorhyc^n {2nd Su^l. li), is digested for several weeks 
at a temporsituro not exceeding 40® with water and granulated zinc, the action being 
assisted fit first by addition of a little sulphuric acid and gentle heating, a liquid is 
obtained which, w*hon distilled and dohyefc-atod -with calcium chloride, yields acetone, 
together with fi brorainated compound, ‘riio acetone may be separated from the latter, 
by combination with sodium bififilphite. The reduction of the dichlorodibromacetone 
to acetone may also bo effected by hydriodic i>cid (0. Lange, Beut. Chem. Gee, Ber. 
vi. 98). 

7» Converswn into Glycerin is oxidised to glucose by the action of 

potassium permanganate in sunshine, or by chromic acid mixture : 

2C’H''0» + .0» := + 2H«0. 
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Glycerin is also converted into glucose whin placed in contact with iron which is 
undergoing oxidation by the action of air and water, the oxidising action being as it 
were transferred to tlio glycerin ; and ho^s lard similarly treatcjd is resolved into 
fatty acid and glycerin, which is then oxidised to glucose (Kasmann, Bull. Soc. Ckim. 
[2],fcxvii. 246)i^ • • • 

. 8. FermenUUion. — On the* fermentation of glycerin induced by the action of 
schizomycetos, sec p. 776. • 

Deiko^tion and Estimation of Glycerin, — When certain acid borates, 
comniou boraS:, for example, are dissolved in glycerin, 1;ho glycerin dyft not merely 
act as a solvent, but decomposes the borate, setting free a portion*ot' the boric aci(V 
wliieh is tlnm capable of irnpiirtiiig the well-known green colour to llamo. This 
reacion may bo used as a test for glycerin in water, wine, beer,*milk, &c. 'IJiio 
Ji(/hid is lirst neutral or slightly alkaliift? (the presem^e of free acids Vould of 
course vitiate the test), and a borax bead is dipped into it, left at rest for a few 
minutes so as to allow solution to tiiko pl/ico on its surface, and then held in the 
llunson flame in tkc usual way. Another and more delicate method is to place a 
little pounded borax on a ,watcli-glass, pour on it some of the faintly alkaline solution, 
stir with a glass rod, and introduce some of\hc mixture into the flame by moans of 
a looped platinum wire. In citluT case the greem colour will appear more or less 
distinctly, if glycerin bo present in suflicieiit quantity. The same reaction is produced 
by crythrite, and a])parerit]y also by glycol^ but these compounds are not likely to be 
present in any liquid which is to bo tested for glycerin. Ammoniacal salts have also 
the power of decomposing borax (2ud Suppl. 208), and must therefore be eliminated 
previous to the application of the test (8cnier a. Ijowe, Cliem. Soc, J. [1878], xxxiii. 

438).^ • • 

Estimation. — The amount of pure glycerin in commercial samples contaminated 
with ethers, fatty acids, &c., may bo determined by treatment with a mixture of nitric 
and sulphuric acids, w'hereby tlio foreign substances are converted into soluble nitro- 
compounds, while the glyccrfti is converted into insoluble nitroglycerin, which 
may bo washed with water, tlricd over thg water-bath, and weighed. To facilitate 
the drying, the nitroglycerin is previously mixed with an equaf weight of methyl- 
alcohol, the vapour of which (jasily carries oiT the water. 100 parts of pure glycerin 
dried in a vacuum at 120^-150’^ yield 19u parts of nitro-glycorin (Champion a. Pellet, 
Bull. Soc. Ckim. [2], xix, 493). % 

For the estimation of glycerin in imm, Maeagno {JDingl. pol. J. eexvi. 95) digests 
a litre of the wine with recently precipitated lead hydroxide ; evaporates the liquid 
on the water-bath, then adds a/urther quantity of lead hydroxide ; exhausts the mass 
with absolute alcohol ; and precipitates the dissolved lead by a stream of carbon 
dioxide. The filtered liquid when evaporated leaves nearly pure glycerin. 

Metallic Glycerides (J. Puls, J. pr. Chem. xv. 83). Various metallic salts arc 
dissolved by mixtures of glycerin and caustic alkali. When glycerin is mixed with 
ferric chloride and potash in certain proportions, a clear solution is formed, which, 
after a time, depending on the proportions of the mixture, suddenly begins to deposit 
ferric hydroxide, the precipitation going on till no more iron is left in the liquid. 
Strong solutions of this kind are of a cherry-red colour, and are only partially precipi- 
tated on heating ; iff dilute solutions, on the contrary, tho precipitation is complete. 
Carbonic acid, in all cases, precipitates the iron completely; potassium sulphide also 
precipitates it, except in presence of a large cptcess of glycerin. These reactions are 
exhibited by all ferric salts, induding the phosphate. When solutions from which 
•the ferric oxide has been procipi tilted by heating, are evaporated t(p diyness, tho residue 
dissolves completely in water, and tho solution still retains the property of ‘ coagulat- 
ing,' lhat is, depositing tho iron as ferric hydroxide. 

Tho fatility with which this so-called coagulation takes place depends upon the 
proportions of tho mixture. With glycerin, ferric oxide, and potash, m the molecular 
proportion C®H"0* I Fe-0’ : KHO = 1:1:1, no action takes place. With 3 : 1 ; 1 a 
solution is formed from which all the iron is p|^ocipitated by carbonic acid, or on 
dilution with water. Tho larger the proportion of glycerin, the more slowly does 
precipitation take place ; with tho proportion 6 : 1 : 1 it takes place after two months 
only ; and with 12 : 1 : 1 no alteration is apparent even after five months. The pro- 
portion 3:2: 1 yielded a perfect solution, which, however, soon became gelatinous, 
and solidified so completely that it could be cut in pieces. With 3:2:2 the solution 
remained complete for six hours ; hence potash appears to retard the coagulation.' 
With 3 : 8 : 1 no iron is dissolved; 3:3:2 gives a clear solution which immediately 
• solidifies ; so likewise with 3 : 3 : 4 and 3:3:5. With 3:4:3 and 3 : 5 : 3 no 
alteration was perceptible. 

From these results Puls infers that, tho ferric hydroxide in those solutions is in 
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the so-called colloidal state. He findsiindeed, that solutions containing glycerin, 
ferric oxide, and potash in the proportion 3 : 1 r li and 79 per cent, water, which 
coagulated spontaneously after some timci behaTed towards reagents, as carbonate or 
chloride of potassium, &c., in the same i^auner as colloid substances, being, in fact, 
suddenly •brought by these reagents tv the state of coagulation. Tfcc coagulat iijn of 
the solutions employed in the expl'rimcnts above dcscrij^ed may thdreforo be attributed 
to the acticyi of the potassium chloride which was present in all of them. Tlio coagula- 
tion is also very quickly induced by sulphate, chlorate, nitrate, acetate, anj, |artrato 
of potassiunL either in solutWn or in crystals; also by certain insolubk) substances, 
as calc-spar, n\jLor-spar, witherito, and heavy-spar. 

' Uranium somtions and copper solutions react wi th ^^lycerin and potash in the sanv' 
manner as iron Solutions. Experiments with cupric chloride showed that the serf vtmt 
p^wer of glycerin varies with the dilution of the liquid, as well as with tho proportion 
of alkali. This is seen from the following tables : ^ ^ 


Table I. Table M. 


• , 

1 mol. glycerin and 1 mol. KOH 

T 

1 mol. glycerin and 2 mol. KOI I 

When 100 pts. ol 
the solution contain 
of glyeerin : 

02 pis. (1 mol.) glycerin 
dis.solve : 

WImn 100 pts. o£ 
the solution <!ontairi 
o£ glycerin : 

92 pts. (1 mol.) glycerin 
dissolve : 

0*19 pts. 

7 pts. CuO 

0*20 pts. 

29-4 pts.*CiiO 

.0-49 „ 

51-4 „ ^ 

0-51 , 

65’4 ,, 

0-96 „ 

67-9 „ 

0-72 • 

71*0 „ 

1-85 „ 

73-7 „ 

t 0-96 „ 

71-4 

5*80 „ 

73-4 „ 

1-80 

73-G „ 


* 

2-5G „ 

74*7 „ 


. 

.. 4-47 

75-8 „ 


Table III. ^ Table IV. 


1 mol. glycerin and 8 mol. EOH 


When 100 pts. of 
the solution contain 


When 100 pts. of 

12 pts. (1 mol.) 

In presence of 

92 pts. (1 mol.) glycerin 
dissolve : 

the solution 
conluin of 

glycerin 
dissolve of 

the following 
molecules of 

of glycerin : 


glycerin : 

CuO : 

KHO: 

()-20 pts. 

47-7 pts. CuO 

()T9 pts. 

7’0 pts. 

1 

0*48 „ 

72*2 „ 

0-20 „ 

29-4 „ 

2 

()-72 „ 

72-7 „ 

0'2() „ 

47-7 „ 

3 

0-94 „ 

73-4 „ 

0-20 „• 

63*9 t„ 

4 

1*70 

73-2 „ 

0-20 „ 

59 0 „ 

6 

2-58 „ 

74-5 „ 

0-20 „ 

04-6 „ 

8 

4*15 „ 

750 „ 




4-15 

761 „ 

r 





In no case is the proportion of 79*3 pts. CuO (1 mol.) to 92 pts. glycerin (1 mol.) 
attained. It appears, however, from the first set of experiments (Table f.) that in a 
solution containing not less than 5*8 per cent, glycerin, 73 pts. CuO are dissolved for 
every 92 pts. glycerin present, so that the am(>unt of glycerin contained in a liquid 
may bo inferred from that of the ^uprie oxide dissolved by it ; and this relation may 
be made available for the quantitative estimation of glycerin. 

Jiismuth solutio'iiSf mixed with glycerin and potash, exhibited reactions similar to 
the above, excepting that the quantif^r of bismuth held in solution was relatively 
much less. 

Baryta, sirontia, and lime, dissolved in prqportions indicating the formula of the 
following compounds: Ba0.6C*H*0* to Ba0.6CHI®0*; Sr0.lOC*H®0*toSi?0.20C*S*0*; 
Ca0.3C»H"0» to Ca0.34C»H*0»* , , 

Sodium-glyceride, C*H»(ONa)(OH)*, which Letts obtained by the action of sodium 
dn glycerin (2»(2 Supply 664), crystallises from methyl alcohol in scales and nodules. 
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Its solution, mixed with cupric chloride, algo dissolved in methyl alcohol, yields a 
green precipitate of a coppcr-glyccrido containing cupric chloride. 

xritroglycerlD, C®H*(N0‘)®0®. Acconling to S. Kern (C^em. iVci/w, xxxi. 2r)3), 
this substance e^lodes with maximum viol&ca at 262^. At 187° it mcrel}%gives off* 
red mmes, and at 204^ a very slight explosion takes^place. 

• The blasting oils of commfirce are usually mixtures of trinitro-glycerin with the 
mono- and the dinitro-derivativos. For the analysis of these products, *Ph. Hesse 
(ZcUsc/if.^ana/. C7im. 1874, 257) employs a modification of Dumas’ combustion pro- 
cess, the mixture of the oil with cnpric oxide being placed in a long co^ustion tube, 
a]ul protected by a screen of tiij plate during the expulsion of the !iir/f the tube b^^ 
tfie stream of carbon dioxide, and the combustion regulated as far as Ijssiblo, so that 
the successive portions of tlio finely-divided blasting oil may bo brought t.o the te’«- 
f ci^turo required lor combustion, only by the dbtion of radiant heat. A simmer, and 
at the same time very exact method is to treat the blasting oil with alcoholic potash, 
whereby it is exactly decomposed into glycerin and potassium nitrate, in which tin; 
nitrogen may bo Estimated by the usual methods (Hesse). According to Sauer n. 
Ador, on the other hand* (DcMjf. CAe7n. ffcs.^Iicr. x. 1982), the amount of nitrogen 
oblfiineil by this latter method is always too low. By Dumas’ method they obtained 
from dynamite cartridges 18’35 to 18*52 per cent, nitrogen, answering to pure dinitro- 
glyccrin, whereas by decomposition with alcoholic potash they obtain^ only 12*3, 
12*5, and 1-3-14 per cent, nitrogen. 

Chlortaydrins. 1. Monochlorhydrin, C®II'C10^ = C“I1®(0H)'‘*C1.— Of this 
compound there are two modifications, viz. : 


Uusymmetrical 

• 

Syminotri(;.il 

CH'^Cl 


CIHOH 

1 

CHOH 

1 • 

• 

1 

CHCl 

1 

CH^OH 

• 

CIFOIl 

% f* 


Both these bodies are formed by heating glycerin with hydrochloric acid. The first, 
discovered by Berthelot in 1854 (i. 813), boils at 227° under ordinary pressure, at 
1.39” under a pressure of 10 mm. of mercury, ^.nd is converted by nascent hydrogen 
into ordinary propyl glycol, Oil* — CHOII— CH-OH. By treatment with potassium 
cyanide (exchange of Cl for CN) and subsequent saponification (O.OH for N), it is 
converted into an acid, C ‘H"0 *, having the constitution CII'OH — OH OH — CH* — COOH. 
TJiis acid is a yellowish liquid which, when evaporated, appears to yield an anhydride 
analogous to lactidc. Its salts crystallise with difficulty. 

The second chlorhydrin occurs in small quantity amongst the higher-boiling por- 
tions of the product, and passes over on distillation in a vacuum between 1 45® and 
160®. After rectification it boils at 14G® under a pressure of 10 mm. It is probably 
identical with the compound which Henry obtained {Dent, Chem. Gcs. Bar. vii. 409) 
by the act ion of hypochloroug acid on allyl alcohol, CII^=:CH — CIHOH + HOCl -= 
CH^OH— CHCl — CH'^OH, and should be converted by nascent hydrogen into normal 
propyl glycol ; hut i^ all the reactions to which it has been subjected it yields a largo 
quantity of polyglycorins (Hanriot, Compt. rend, Ixxxvi. 1139; Bull. Soc, Chim. [2], 
xxvii. 256). 

MomchlorctJiylin, CH^OIT — CIJCl — CH*— 00*H®, produced in like manner by the 
fiction of h 3 rpochlorous acid on ethyl allylate, is a thickish colourless liquid, of fruity 
odour and sharp taste, having a density of 1*117 at 11®, boiling al 183®. 

Mbnochl<yracdin, ClI-OH— CHCl — CH^OCWO, from ethyl acetate and hypochlor- 
ous acid, i% a thick colourless liquid having a refreshing odour and bitter taste, a 
density of 1*27 at 9® and boiling at 230®. 

cidorohrornhydrinf OH“OH-^CHG1 — CH^Br, from allyl bromide and hypochlorous 
acid, is a colourless liquid which brown on exposure to light, has a density of 
1-764 at 9®, and boils at 197° ; anathe isomeric cojSaj;)ound, CH-OH — OHBr--CH*Cl, 
from allyl chloride and hypobromous acid, has a density of 1*759 at 11®, and likewise 
boils at 197®. When treated with nitric acid, i% is converted, first into nitrochloro- 
hromhydrin, C*H®ClBrN0»-CH20(N02)-<GHBr— CH*Cl,and thenintoa chlopo- 
bromopropionic acid, CH^Cl— CHBr — CO*H, which* toelts at 37° and boils at 215®. 
A third compound, isomeric with theses chloro-bromhydrins, is the secondary alcohol, 
CH^'Cl — OHOH — CH*Br, which Reboul obtained by the action of hydrobromic acid 
•on epichlorhydrin (ii. 808), (L. Henry, Deut. Chem, Ges. Ber, vii. 409, 757). 

Dichlor hydrin, C>H“Cl*(OH), likewise admits of two modifications, one un- 
symmetiieal and having the constitution of dicblorinatcd normal propyl alcohol, 
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CH*C1— CHCl— OIPOH ; the other symmetrical, and havinf? the constitution of di- 
chlorinatcd pseudopropyl alcohol, CH*C1— CHOH — OHK31. ^The latter is the urinary 
dichlorhydrin, which IWthelot obtained hy heating glycerin with hydrochloric acid 
(i. 893) It the former is produced by the action of hypochlorous acid ^ Jillyl chloride : 
0H»=ClI-Cir-d4 Clou = ClFCl-CHOH— GH-Cl, ‘ 

t 

and appeafs also to bo formed in small quantity in the propiiration of ordinary dichlor- 
hydrin (2nd Si/ppl. 317). The unsymmotrical modification is converted by,QKidation 
into dichlor^iropionic acid, S 3 mimotrical into dichloracetone (Henry, lor. cU.) 

* Epicklorh^rih and Epicyanhydriny pp. 734:, 7^5. 

Trlnitrinkor Trinitropropane, CW(N02)», formed by distilling tri^^i-om- 
lf/drin,(from allyl iodide) with silver nitrite. Treated with it yieJd^ a 

brownish product, which has not been obtained pure. AlcoJiolf.; potash coiivorti 
trinitrin into a tripotassic salt which separates as a white powiler, and may bo purified 
by washing with alcohol or by rccrystallisation from water. Trinitrin, treated with 
iron and acetic acid, is converted into glyccry 1-triam iiic, C-'HXNH'-’)'’ (Bracke- 
busch, De%U. Ohem. Gcs. Her. vi. 1 289). i • 

OKYCERY& OXZBE or GXiYCERYK ETBBR, (C^H^)‘0^ This compound, 
wliicli Linncmann a. voii Zot.ta ol)taincd by lieating glycerin w'ith calcium chloride 
(2nd Suppl. 665), has been further examined by v. Zotta (Lkbiy\'i plxxiv. 87). 

To prepare it, glycerin (300 pt.*^.) is distilled in a capacious retort with calcium chloride 
(45 pts.), previously dried by heating at 100° till the mixture becomes viscid and 
begins to froth over. The distillate is then cautiously heatcil over an open llame to 
remove volatile products, the residue exhausted with ether, and the etht^r left to 
evaporate. The extract , subjected to fractional distill;jtion, yields a liquid boiling 
betAveen 160° and 210”, which, Avhoii shaken with strong potash-ley to remove phenol, 
loaves an oil wdiich floats on the surface, and nlay bo dried over potassium carbonat<>. 
The caustic potash solution, also yields to ether a ccrkiin quantity of this oil, Avhieli, 
after evaporation of the ether, niaj^lx^ unitwl to tlic first portion and rectified, Avliereby 
impure glycciyl oxide is obtained boiling *oetwGeu 168°*ind 175”. A further quantity 
may be oblaint^d by similar troatineiit from the fractions of the crude product boiling 
between 150° and 280”. The wliolo may bft purified by a few rectifications. 

Glyceryl oxide is a colourless liqujd, oily and nearly inodorous at ordinary tem- 
peratures, miscible in all pro^jortions Avith other, alcohol, and water, having a density 
of 1'16 and boiling at 171”-173”. Heated with Arator in a sealed tube to 100°, it is 
couA’ertod into glycerin, and at 140° a brown substaqce is produced. With hromme 
it yields dibromhydrin, OTHBr*(OH). It is not attacked by sodium-amalgam. 
Heated with chromic acid mixture^ it yields a ilistillate^containing formic acid and 
acetjildehyde. 

GZiYCERYB-PBOSPHORlC ACIB, C»lPPO«. This acid, which Avas ex- 
tracted by Qobley from brain and from yolk of eggs, and prepared by Pclouzo by the 
action of phosphoric acid or anhydride on glycerin (ii. 891), has been further exaniinei 
by Thudichum a. Kingzott (Chem. Soc. J. 1876, ii. 20), avIio prepare it by the action 
of boiling baryta-water on the brain-eonstituent, C'^H^NPO^®, called by Tliudiebum 
cephalm or Jcepkalin. On precipitating the resulting oolutioii with alcohol, dissolving 
this precipitate in water, and QA^aporating on the Avater-bath, a barium salt was ob- 
tained haA-ing the composition C^IPBaPO®. The precipitate formed b}" alcoht)! in 
the aqueous solution appears to contain* both Avatei) ami alcohol in combination ; after 
washing with alcohol, it ha.s the composition C^IFBaP()®+ II"C). The jiquoous solut 
lion of the barium salt gives with lead acetate a procipitfjte of lead ylyc&ropJmphatet 
Avhieh, after drying, forms a hard, friable, fiiintly-colonred mass. Tlie acid sepJiratcd 
from it by hydrogen sulphide yields, on neutralisation with calcium carbonate and 
evaporation, a white calcium salt, C’H’OaPO”; and on precipitating the mother- 
liquor of this salt with alcohol, an acid salt is obtained having the composition 
OTP^CaPSQ’^. ^ 

OXiTCZSE, C>H‘0> = C'H»|^ = . This compound, the alcohol 

' CH«OH 

of the glycidic scries (ii. 895), is prepared by heating epiclilorhydrin, C*H®OCl, with 
potassium acetate, whereby |;lyeidic acetate, C"H50(OOTI*0), is obtained, as a 
mobile liquid liaAdng an ethereal odour and ^boiling at 168°-169”, and treating this 
compound in ethereal solution with sodium hydroxide, whereby it is resolved into 
sodium acetate and glycide. This latter, when purified by fractional distillation, is a» 
liquid boiling at 161®-! 63°, and miscible in all proportions with water, alcohol, and 
ether. It unites with hydrochloric acid, and when heated with water is converted 
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into glycerin. Acid potassium sulphide ceAvorts it, by dehydration, into acrolein 
(H. T. Gegerfolt, Bull, Soe, Chim, [2], xxiii.^60). 

GlbTCOCBOXiZC ACZD. G. Hufhg^ (J, pr, Chem, [2], x. 267) prepares this 
acid ^y covering^resh bile in a tall glass cylinder ,with a layer of other, ai^ adding 
2 C.C. strong hydrodiiloric acid for every 50 c.c. of tlio bile. The whole then solidities 
a’fl or a while to a crystalline pulp, which is drained on a filter, and the imppre crystals 
of gIyc(y|^olic acid which remain are crystallised from hot water. 

GKTCOOmrs. See Glvoollig Acid, Amido- (p. ^79). ^ ' 

• GlLTCOBTSIkTSlir, C*‘yE[*"NOS is formed by heating glyCoc’^ with cholic 
jftid ^0 190°-200“, also by heating glycocholic acid to the same terjperaturo. The 
product diasolvos in .alcohol, and separates therefrom as a white amorphous, chomicaUy 
indifferent powde.%, easily soluble in alcohol, ether, and chloroform (J. Lah|f, Bull, 
Soc. Chim. [2], xxv. 180). 

G]LYCOGEn;^ C^IT’^O®. Occurrence mid Formation in the Anirml Organism , — 
Experiments have been made by v. Mcring {BJiuger's Archiv. f, Phgsiologie, xiv. 274) to 
decide the question whethSr (as supposed by P*.vy, Dock, and others) glycogen is formed 
by direct transformation of bodies introduced into the system, or whether (as supposed 
by Tiffenbacli and Weiss), these bodies merely contribute to the .accumulation of 
glycogen in the liver by undergoing oxidation, .and thus to a certain extent pro- 
tecting and sparing tho glycogen. TIio mode of experimenting consisted in intro- 
ducing v.arious substances into tho system of rabbits and dogs, whoso liv'crs had been 
rendered .as far .ts pos.sil)l(5 free from glycogen by previous starvation. Tho results 
showed Aat a considerable accumulation of glycogen in tho liver is induced by tho 
assimilation of grapc-sug;ir, cano-sugJir, nfilk-sugar, fruit-sugar, iniilin, licl'^niii, 
glycerin, arbutin, gelatin, ahd protoids (egg-albumin, fibrin, casein), whereas .after tho 
introduction of inosito, mannito, querc^te, erythrito, and fats, no appreciable quiintities 
of glycogen are fiiund. Thes(^ results seem to show that tho formation of glycogen 
is a direct coriscqucnco of flic tr.ansformation of certain substances introduced into 
the organism. The glycogert obhained after feeding with carbohydrates, me.at and 
albuminoids was in all cases the same. .f. Forster (JV. Bep. Pharm. xxv. 733) found 
that in dog.s whiih had been starved for «evor.al days, the quantity of glycogen in the 
liver was increased by the injection of sugar into tho circulation, but liy no mo.ans in 
proportion to the quantity of sugar thus iiJtroduced. He thence infers that the 
glycogen is produced, not directly fnim tho sug,ar, but by tho decomposition of albumin, 
and .accumulates in tho liver after the introduction of a considerable quantity of sugar 
into tlio circulation. The inerdhse of glycogen produced by injection of sugar afti-r 
prolonged fasting is a consequence of the accclcr.atotl decomposition of albumin thereby 
induced; and in accordance with this view it is found that the excretion of urea is 
at tho same time considerably iiicrcasod. 8. AVolfberg (Zeitschr. f. BiologiCj xii. 266 ; 
Chem. Soc. J. 1877, i. 484) also infers from his own experiments and those of Claude 
llemard, Voit, Petterikofer, Valentin, .and others, that glycogen is an intermediate 
decomposition-product of albumin in tho .animal organism, the amount formed in any 
case being dependent on the quantity of albuminoids thus altered, and on the presence 
of various other substances, ospoci.ally cnrhoh^alrates, which influence— by their 
greater or lesser po^cr of resisting the decomposing actions of tho organism— the 
rate at which t he glycogen thus formed becomes further changed. 

Glycogen occurs, together with glycociuo, in the muscular tissue of the American 
scollop (Pecten irradians) (p. 879)? 

Transformxition into Glucose, — It is commonly stated that glycogen is quickly and 
compjetely converted into glucose by the action ©f sfiliva and of pancreatic ferment. 
Siegen, however {fihem, Centr, 1877, 8), finds that, when tho fermentation is completed, 
tho glycogdh-solution ap^e.ars, from its power of reducing cupric oxide, to contain only 
a fraction of tho quantity of glucose which it should contain, if the whole of the 
glycogen h.ad been converted into thjjt compound, viz. 34-41 per cent, under the 
influence of saliva, and 45-48 per cent, under that^of pancreas extract. This shows 
either that the glycogen is converted, not into gltfese, but into a substance which 
reduces cupric oxide in a different proportion, or that in tho re.action above mentioned 
another product is formed besides glucose. • Further experiments are required to 
decide which of these views is the correct one. ^ 

On the Estimation of Glycogen in the Liver, see Salomon {Zeitschr, anal, Chem, 
1874, 470; Jahresh,/, Chem, 1874, 1054). 

G&TCOGEmo ACIB, An acid produced by treating an aqueous 

solution of glycogen at 100° with bromine, and then adding silver oxide: C®H*®0*+ 
H20 + Bp?=C®H**0®Br*; andC‘»H»0®Br>+Ag«0 = 2AgBr+0®H*W. It is an intensely 
sour syrupy liquid, the aqueous solution of which dissolves carbonates, forming salts 
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most of 'which are crystalline. The loaoi^alt has the composition C*H*Pb*0^. In all 
the others the acid appeiirs to bo monobasij,' (Chittenden, lAebi^'s AnnaleUf clxxxii. 206). 

CHbYCO&ZSrZG ACID, This name ^Yas given by Friedlander to an acid, 
C*H^O*, Vhich he supposed to b-.i formed by the action of sodiuifi>amalgam «n an 
alcoholic solution of ethyl oxalate (Is^ Suppl. 640). .According \o Debus, ho'wever, 
the only products of this reaction are glycoUic, glyoxylic, and tartaric acids (2wc/ 
SttppL 669). .V f 

O]«Tl;OK]XGN08E. Tliis substance, which J. Erdmann obtained as a residue 
/pom the wood^wf ‘i/he spruce fir, after exhaustion with dilute acetic acid, alcohol and 
ether, and to vhich he assigned the formula (Is^ Siippl. 640), has bccfta 

f^^ther examiifed by F. Beiite {Deut. Ckem. Ges, Ber» viii. 476), who obtaifis by 
analysis numbers agreeing with Eldniann’s forihula, but tindg that when 'uh^ 
glycolignose is boiled with hydrochloric acid, wliereby, according to Erdmann, it 
is resolved into glucose and lignosc, C’*11'*0", as shown by the equation, + 

2ff0 = 2C®H*“0® + C‘’‘Il“®0“, the insoluble residue of lignoso which remains after 
washing successively with water, warm dilute ammonia, wqter and alcohol, amounts, 
not to 66’33 per cent, as required by the equation, or to 60-65 per cent, as actually 
found by Erdmann, but to 70‘025 per cent. This residue also contains 0'54 per cent, 
carbon more than the amount required by theory, and the solution, which is turbid 
from separation of ilocks, contains, not the required 48*61 per cent, of glucose, but 
only on the average 25*01 per cent. Pure grape-sugar similarly treatod does not 
deposit any flocks. The lignose obtained as above gives, when fosed with potash, 
oxalic and succinic acids, together with boflics resembling pyrocatocliin, and probably 
containing protocatechuic acid, a result confirming Erdmann’s statement that* fir-wood 
cont^ns aromatic compounds or residues. Bente doubt^ however, whether glyco- 
lignose is a distinct chemical individmil, inasmuch as it yields lignoso in variiible 
proportions, but not to the amount required by Erdmann’s formula, oven when 
subjected to the prolonged action of hydrochloric aoid. Poplar-wood purified by 
Erdmann’s method exhibited the same composition as fir^-wood, and likewise yielded a 
quantity of lignose greater than that requfi'cd by theory.* 

OZiYCOUZC ACZB, = OHtDH.COOH. Formation.^l, From di- 

chlorethoxyl-ethylene by the actiott of water at 100° (p. 756). 2. By boiling mono- 
chloracotonitril C®HCl(NO®)N, with miTk of lime or caustic potash (Beckurts a. Otto, 
Beut, Chem. Ges. Bcr* ix. 1591). 3. As ethylic other, together with glyoxylic and 
tartaric ethers, by the action of sodium-amalgam on an alcoholic solution of ethyl 
oxalate (2nd Suppl. 569). ' 

Preparation, — ^Fittig (Ber. ix. 1198) prepares glycollic heid by boiling a moderately 
strong aqueous solution of chloracotic acid for a few hours, w’hercby it is completely 
resolved into hydrochloric and glycollic acids. On distilling the product and evap- 
orating the residue on tho water-bath, there rc^muins a syrupy liquid containing only 
a trace of chlorine, from which it may be freed by again evaporating with water. 
The calcium salt obtained from the residue is pure glycollate. 

Glycollic acid may also be easily prepared by lieating aqueous oxalic acid with 
granulated zinc at 100° for a week, then filtering and adding excess of lime. Tho 
solution thus prepared contjiins calcium glycollate, together with a little glyoxylato, 
and the glycollate may be separated by removing tho excess of lime with oxalic acid, 
boiling the liquid until the glyoxylato is*dcstroycd, and concentrating by evaporation 
(Crommydis, Bull, Soc. Chim, [2], xxvii. 3). * ^ 

Metallic Glyc\)llatcs. The crystals of calcium glycollate, obtained in the 
manner just described, contain 6 mols. IFO,ono of which they lose on exposure to tho 
air, and the other four at 100°, or over sulphuric acid in a vacuum (Cipmmydis). 
Tho existence of an anhydrous crystelline calcium glycollate observed by Fahlberg 
(2 w62 Suppl. 570) is confirmed by Carius (J. pr. Chem. [2], ix. 303). On evaporating 
tho solution at a temperature as near as possible to 100°, this anhydrous salt separates 
on tho surface in small crystalling %groups, which sink to the bottom and form a hard 
crust. To obtain it pure, the supernatant liquid must be decanted while hot, and the 
crystals washed with a little water and ^ried. It is distinguished from tho hydrated 
salt by its sparing solubility. If, on th*? other hand, tho (crystalline crust be loft to 
cool in. tho liquid, tho anhydrous salt becomes mixed with needles of the hydrated 
salt ; and, lastly, if the solutioli be completely evaporated to dryness at 100° over the 
crystalline crust, there remains, together with *the latter, a small portion of the salt 
in the form of an amorphous fissured mass, easily soluble in water. In Fahlberg’s 
paper, above quoted, it is stated that hydrated calcium glycollate contain^ 2 mols. of * 
water. Fittig, however, points out (J, pr, Chem. [2], x. 271) that this statement is 
incorrect, the error arising from a confusion between the old and new atomic weights 
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of calcium (20 and 40). The crystals conta i 27-28 per cent, water, and this agrees 
with the formula (C*H*0®)*Ca + 4H*0. 

The following glycollates have been eilmined by G. Schreiber {J. jpr. Chem. [2], 
xiii. 436). Themaffnesium sdtt^ C^H*Mg0®+2H*0, crystallises in extremely thin 
microscopic noeAeg, and appears almost pulveWcfti]/ when dry. 1 pt. of it dissolves 
in 12*6 pts. water at 18° ; in boiling water it is much more soluble. The strontmm 
salty 0'‘Il®Sr0® + 5H*0, crystallises in slender microscopic needles; dissolvof in 29*9 pts. 
water tt» 19°; is nearly insoluble in absolute alcohol; gives off the whole of its 
crystallisation-water at 180°. The aluminium salt is O^ery soluble in water, and does 
not crystallise. The silver salty contrary to the usual statemeniv, \^s obtained iij 
Ohe anhydrous state, containin^only 1*6 per cent, of hygroscopic watef 

Whole gly collie acidy C**H‘*0% is formed by the action ofmitrous acid «n 
^lycocholic acid (p. 456). • • 

Diphenylene-glycollio C*^H*®0**(C*H*)^OOH — COOH, is formed by 

the action of alkalis on phenanthreno-quinone (p. 676). 


Amido-debitatives op Gltcollic Acid. 

CH*.NH* 

Amldoffljoolllc Acidi Olycoolnov or OlyclnoiO^H^NO^s | 

CO.OH 

Amidacetio add. — ^This compound occurs to the amount of about 0*6 per cent., together 
with glycogen (2 to 2*4 per cent.) in the muscular tissue of the American scollop 
{Vccten ^rradians)y found on the eastern coasts of the United States. 

Formation. — 1. From Cyanogen. Wien cyanogen gas is treated with concen- 
trated hydriodic acid (sp. gr. 1*96) at the boiling heat, one of the cyanogen>atoms is 
converted, by assumption of hydrogeq, into the mothylamine-residue, whilst 

the second cyanogen-atom, by exchange of nitrogen for the elements of water, is trans- 
formed into carboxyl, the rdfeult being the formation of glycocine, as shown by the 
following equation : • , 

Cfl^.NH* • 

CN-CN + SHI + 2H2Q = ( + NHH + 21^ 

CO.OH 

(Emmorling, Dent. Chem. Ges. Ber. vi. 1351).* 

2. By reduction of ethyl cyanocarbonato (p. 617). 

3. Together with mothylamine, ammonia, and carbon dioxide, when mcthyl-uric 
acid is heated for some time to 170° with hydrochloric acid saturated at 0° (H. Hill, 
SUl. Am. J. [3], xii. 428).^ 

4. Together with tyrosine, ammonia, leucine, indol, and a viscid yellowish body, 
called gelatin-peptone— all, as well as the glycocine, in small quantity only — ^by the 
pancreatic digestion of gelatin. Tho formation of glycocine in the alimentary canal 
may explain, by its reaction with benzoic acid, tho production of hippuric acid in 
the organism of vegetable-feeders ; in carnivorous animals the glycocine thus formed 
is converted into urea (Nencki, ibid. vii. 1693). 

Jieaciions. — 1. Glycocine gives with ferric chloride a deep red colour, which disap- 
pears on addition eff acids, and is regenerated by ammonia. On mixing a solution of 
glycocino with a drop of ph^ml and a littlo hypocldorous acid, a fine blue colour is 
produced. 

2. By oxidation with ainTnoimmyertnanganate in presence of free ammonia, glycocine 
* yields oxalic, carbamic, and oxamic acids, and water ; the formjition of urea has not 
been observed (Drechsel, J. pr. Chem. [2], xii. 417). 

Glycocino, dissolved in nitric acid, is converted by nitrous add into chologly- 
collic acid,.C“H«0^ (p. 436). 

4. By cyanic addy glycocine is converted into hydantoic acid, thus : 

CH*-NH2 « CH*~-NH-CO-NH2 

I + HONO = I 

COOH COOH 


5. Hydantoic acid is also formed by boiling a solution of glycocine and urea with 
excess of baryta-water sa long as ammonia codlinuos to be given off: 

Tjm OH»— NH-tjO-NH* 

L™ * “KSI. '• 


Sareoslae or methyl-ylycodne, treated in like manner, is converted into methyl- 
hydantoic acid. 
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atliyl-fflyooolne, C2H\C*B^)N02 -s produced by treating glycocino with ethyl 
iodide and absolute alcohol. On agitatifc the product with silver chloride, the hydro- 
chloride of othyl-glycocino is obtained !n needle-shaped crystals melting at 137°. 
Ethyl-gljcocine is likewise found amongst the products of the rcactioj^ of 4 pts. alcohol, 
2 pts. methyl iodide, and 1 pt. glytociho (Kraut, Liebig's Annalen^cliayn. 267).' 

' CH*— N(CH»)* 

Trlmeiliyl-glycoclne or Betaine, i , or perhaps | I 

OO-OCH® CO— 

is formed bj the action of ifiothyl iodide (3 mol.) on glycocine (1 nfol.) j and the 
analogous coriLiound, triotliyl-glycocine, by heating tjiethylamino with cthylic chlor- 
acotate (p. 32^. * ^ " 

VI Xodptrletnyl-glycoclne Btbylate or Btliyllc Xodotrlettiylamldoglyopl- 

OH*— N(0=ii«‘)»I • . ‘ 

late« I (Kraut, clxxxii, 172). This ether is formed 

CO.OC*Hs ^ 

by the action of ethyl iodide (4 mol.) on silver glycocino (3 mol.) at ordinary tempera- 
tures : r • 

CH*-NH2 CH*— N(C*ns)H CH*— NH* 

3 I + 4C-JIH - 1 H- 3AgI + 2 1 

CO.OAg CO.OC*H" GOOII 

The hard crystalline crust which foitns after a few days is to be washed, first 
with cold alcohol, tiieu with cold water. The etliylic iodotricthylamido- 
glycollato is found in the alcoholic extriict. The corresponding platinochloride, 
[Cl(C*H*)*N.CH*.COOC*U-’ l*PtCl', crystallises in thick orange-coloured anhydrous 
crystals which are soluble in water. The niothor-liquor of«this sMt contains glycocine 
and diothyl-glycocine. The aqueous extract contains two^thirds of the glycocine 
employed in the reaction. The residue insoluble in alcohol and in ether still contains, 
together with ethyl iodide, a portion of the cthylic iodotfriethylami^glycollate, which, 
when boiled with an alkaline hydroxide, passes into solution, wdili separation of alcohol. 

Chlorotrkihylgl^cocimmmomim 2 ^b(ii*ocJiloricIet [Cl(C*ll*)*N.CH*.COOHpPtCl^ + 
2H*0, crystallises in roseate, woll-definod monoclinic ciystals, which are newiy insolu- 
ble in alcohol, and give oif llicir water at 

BkihyJglycocme. Ethylate ‘ or Eihylic Vkthylamidoglycollate, C*H*^NO* = 
CH*.N(C*JJ7 . . ‘ . 

I , is obtained by distilling silvcr-glycocine with ethyl iodide, not in excess, 

CO.OC*Hs 

after the two substances have been left in conbict at the rtomperature of the air for 
several days. It is a colourless alkaline liquid having a density of 0’919 at 16° and 
boiling at 174®. The corresponding platinochloride is at first oily, but solidifies 
after a while in .short moiioclinic anhydrous crystals. This ether, heated for some 
hours with ethyl iodide, is converted into iodotrict hylglycocinammonium ethylate. 

Silvcr-glycocine, treated in like manncir with methyl iodide in excess, yields the 
methylic ether of trimotliyl-glycocino or oxyncnrinc, and oxyneurino or 
betjiine itself, both of which are found in the alcoholic extract of the product (Kraut). 

Pbenylamldoglycollic Xitbers. 1. Ethyl Vhcnylamidoqlycollatc, 
CH*.NHOTP 

C*®H**NO* aa I , Phenylglyc{fcoUdlhyldtJier , — This ether is prepared by 

COOC*lP " r' / 

heating 1 mol. ethyl imonochloracctato with exactly 2 mol. aniline over an open flame 
till reaction begins, then removing the source of heat, and allowing the reaction to* go 
on quietly to the end. The whole then soIidifIe.s to a crystalline mass, whioh may be 
freed from aniline hydrochloride by boiling with water. On dissolving the 'residual 
oil in alcohol, and adding water by drops to the cooled solution, a solid body is pre- 
cipitated ; and after these operations have bcc^ several times repeated, ethyl phonyl- 
amidoglycollato is obtained’ in colojiirle»s micrcjous laminae, melting at 67°-58°, only 
slightly soluble in water even when hot, but dissolving with moderate fadlity in cold 
alcohol and ether, very easily in the same lii^uids when hot, also in hydrochloric acid. 
It is therefore advisable, in preparing t^Ris body, to use a slight excess of the ddor- 
acotic ether, in order to avoid the presence of free aniline, and the necessity of re- 
moving it with hydrochloric acftl (P. J. Meyer, Lent. Ckcm. Ges. Her, viii. 1166). ‘ 

cOH*.NIIC«H» 

Methyl Thenylamidoglycollcdet C®H**NO*=| , Prepaid like the pre- 

ceding. The viscid oil obtained by heating 1 mol. methyl chloracetate with 2 mol. 
aniline at once yields crystals of aniline hydrochloride, which may be removed by 
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agitation with water. By distilling the resBual oil in a current of steam, a turbid 
distillate is obtained, which soon depoaitiJtho methylic phcnylamidoglycollatc in 
splendidly iridescent needles and prisms wiich may bo purified by redistillation. 
They molt at 48®, are nearly insoluble in water, but dissolve easily in alcolyjl, ether, 
and hjilrochloric’ftcid (Moyer, 1167). * » 

• , CH3.NH(C^nO 

Tolylamldog'lyoollic acid or Tolylglycoolne, « 

This compQundv is formed by heating monochloracetic acid with solid tfjjiuidino. At 
ordinary temperatures, the two bodies simply unite to form a salt, 4juti when 1 mol. ^ 
c^dracetic acid and 2 mols. toluMine are heated together on the water jSath, a reaction ’ 
takes filace, attended with a rise of temperature to 130®, and formatfiou of a larg^^ 
(jjuaifttity of hydrocl^loric acid : • • 


CH^ci CH^NH(G»H0 

" 1^ + C'H’NH* - HGl + I 

ebon cooH 

• . 

To separate the tolylglycocine, the liquid is rendered slightly alkaline with am- 
monia; the toluidiue thereby separated is remoa^ed by agitation with ether; the 
aqueous solution is evaporated to dryness on the water-bath to remove excess of 
ammonia; the residue redissolvcd in water; and the greater part of the hydrochloric 
ncid removed by means of recently precipitated silver oxide. The solution is then 
again made alkaline with ammonia ; the dissolved chloride, together with a small 
quantity of oxide of silver, is decomposed by hydrogen sulphide ; the filtrate repeat- 
edly evaporated to dryness and redissolvod in %ator ; and the solution, after ronen^d 
addition of silver oxiod," again treated in the same manner. The rather dark-coloured 
liquid thus obtained, which no longer contains a trace of chlorine, is then boiled with 
charcoal and evaporated to dryness ; and the residue, after washing with ether, is 
several times alternately dissotved in alcohol and in water. On evaporating the 
water or alcohol from these solutions, the tol^lamidoglycollic acid remains as a viscid 
oil which solidifies in beautiful microscopic needles ; and by slow evaporation of the 
alcoholic soRition it may be obtained in larger crystals having a yellowish tinge. It 
is nejirly insoluble in ether, molts at about i46®, and dccom]poses at about 170'^. Its 
solutions have an acid reaction ; the silver salt blackens quickly on exposure to the 
air, and almost instantly when heated ; the lead salt appears to bo more stable. 

Tolylamidoglycollic acid has not yet been obtained quite pure, but its mode of 
formation and that of its derivatiivcs, and the properties of these bodies, leave no 
doubt as to its composition : jt might perhaps bo obtained pure by decomposition of 
the lead salt (P. J. Meyer, Dmt, Chem. Ges, Her, viii. 1158). 

Ethyl Tolylamidogly collate^ GH*.NH(G’H’)— COOC'IP, is prepared like 
the corresponding phenyl-compound (p. 880) by heating 1 mol. ethyl monochloracctato 
with 2 mols. toluidino over an open fire, till the mass, after a somewhat violent 
reaction, suddenly solidifies to a crystallino pulp. The jiroduct, which no longer 
smells of chloracotic ether, i.s then removed from the fire anrl dissolved in alcohol, and 
the solution is mixed with wat<ir, which throws down an oil solidifying at ordinary 
temperatures. After fepeatod soThtion in alcohol, and careful treatment of the cooled 
solutiou with water, the tolylamidoglycollic ether is obtained in white nacreous lamime 
which’ inelt at 48”-49®, dissolve but sparingly even in hot water, with moderate 
faeility in cold alcohol, very easily in hot alcohol and in ether, also in hydrochloric 
‘ ether. Hence it is advisable in preparing this body — as in the case of the correspond- 
ing phenyl-compound — to use a slight excess of chloracetic ether (Meyer, ibid, 1159). 

01 jcollamldes (F. J. Meyer, Emt. Chem, Ges. Bcr. viii. 1154-1164). 

* • OH*.NH(G®H») 

1. Ptaensrlamldogrlycollamlde, . BJtenylglycodmmide, 

, CONH* 

VhenyhxethyJieiM carbamide , — This compound is fonged by the action of aniline on 
chloracetamido ; 

CH*C1 CH2.NH((?»H») 

I + 0«H*.N.H* = HCl* + I 
CONH* CONH» 


When 1 mol. chloiocetamide is cautiouijy heated with 1 mol. aniline till the whole 
is Aised, and the temperature is kept at^ the same degree till the liquid exhibits a 
s^iDg reaction of hydrochloric acid, a product is obtained which dissolves in hot 
wat^, and separates on cooling as a white cirstalline body purifiable by recrystal- 
lisation. This substance is pbenjlamidogl^Uamide. It crystaHises in microscopic 
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anilide . — ^Whai chloracetanilido is 
dissolved, tie excess of aniline t 
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needles, melts at 133°, dissolves very eitily in ether, alcohol and hot Trator, and \vith 
moderate facility in cold water. t 

If the group or riidicle CH“ - CO or u^H-0 be called oxcthylcncy this compound 
may b/a regarded as j^lienyloxeihylcne-carhamidc or phe^yloxethyltm-urca 

H3 

CH2NH(C«II*) fl i 

PbenylfunldoglyoollfAiillde, C^ll^^N^O = | ^VUnylglyGocin- 

CO.NH(C«H^) 

is boiled with a sligut excess of aniline till the wlvde 
) then removed by hydrochloric acid, and the risidual 
oil boiled with a large quantity of wtiter, phenylamidoglycollanili^le is obtainedms^a 
body melting at 110°-111°, slightly soluble in cold, more freely in hot water, also in 
alcohol and in ether, and forming a well-crystallised hydrochloride (Meyer). Wilm a, 
Wischin obtained the same compound by th<^ action of aniline on ]chcnylamidoglycollic 
acid (phenyl-glycociiie) and its ethers ; also by that ^f aniline hydrochloride on 
phonyl-glycollamide, and directly b/ boiling chlorac«tyi chloride with excess of 
aniline. 

Pbenylamidodlglyoollamide, Blglyoollodlanillde or Blpbenyl- 

oxetbylene-blureti chloracetanilide 

is digested for several hours ‘in a scaled tube with moderately concentrated alcoholic 
ammonia, the product evaporated till jt no longer smells of ammonia, and 'the result- 
i% liquid mixed with water, a white erystalliue precipitate is obtained, which dissolves 
in iiot water, and separates from the solution in dazzling white needles often several 
inches long, having the composition of plieiiyVaniidodiglycollamido. 

This compound medts at 140*5°, dissulv(\s easii^j in ether and in alcohol, with 
moderate facility in hot water, sparingly in cold water. When boiled with soda-ley 
it gives off aniiino. It% hydrochloride crystallises*from hot hydrochloric acid in 
silvery needles end laminin; the nUrate in splendid white needles which melt at 172° 
and decompose at a higlier temperature. • 

CIP.NHCCUP) 

Tolylamldoglycollamide, - [ . Tolylglycodnamide. 

CONIP 

Tolyl-oxethyIcnc-carham}d.e.~ -Vt(>.Y}nxcd by heating 1 mol. chloracctamide with 1 mol. 
toluiiline at the temperature of the water-bath till i! clear liquid is obtained, leaving 
this liquid to cool, and repeating the operation. The pn>dnct is dissolved in hydro- 
chloric acid, from which it separates by rapid cooling in small shining laminm, 
by slow cooling in needles and prisms. If contaminated with undecomposed chlor- 
acetamide, it iniiy be purified by rccrystallisation from hot water. If more than 1 
mol. of toluidine has be»m used, the product also contains tolyl-amidacetoluide and 
sal-ammoniac, which may also be removed by solution in a moderately large quantity 
of hot water. 

Tolybimidoglycollnmide melts at 162°-163°, turning brown at the same time. It 
is sparingly soluble in cold water, moderately in ether, very dasily in hot water and 
alcohol. When heated above its boiling point it gives off toluidine (Meyer. 
ibid. 1160). , 

omNH(cap) 

Tolylamldoerlycollanllldei C*'^II‘“N*0 = | . Tolylglycocinanilide. 

C()NH(C«IP) 

Prepared by heating 1 mol. chloracetanilide with rather more than 2 mots, tolui- 
dine over an open fire till Inrge quantities of hydrochloric acid are given off, and 
pouring the product into water, wimreby an oil is separated, which quickly solidifies 
after the excess of toluidinp has been reimy'od by hydrochloric acid. After several 
recrystallisations from hot water, the com^und is obtained in slender white needles, 
insoluble in cold water, sparingly soluble in hot water, easily in alcohol and ether, 
melting at 82°-83°. 

^ C1P.NI1(C^HT 

Tolylamldoirlycollotolnldei = | Tolylglycocin- 

• CO.NH(CaP) 

tduididc . — ^This compound may bo obtainedp: 1. By fusing 1 mol. chloracetamide with 
' 2 mols. toluidine, and recrystallising the product from alcohol. 2. By fusing chlor- 
acetyl chloride or chloracetoluide with excess of toluidine, and crystallising frdai 
alcohol after addition of hydrochloric acid. 3. It is best prepared by heating a 
mixture of 1 mol. monochloracetic acid and 8 mols. toluidine over an open fire till a 
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violent reaction sots in, indicated by the rapid formation of bubbles within the 
liquid. The vessel is then to be removed fi4m the fire, the action allowed to go on 
quietly to the end, and the solidified mass^boiled with water to remove toluidino 
hydrochloride. repeatedly crystallising the residue from alcohol, till th® mother- 
liqiior^appears q4nte colourless, the tolylamidSglyhqllotoluide is obtained in white 
silvery laminaj ver/slightly soiuhle in hot water, rather sparingly in cold alcohol, 
easily in hob alcohol and in ether. It molts at 136°, and when heated Hbove this 
temporatoije, turns dark brown and gives off toluidino. It is not altered by heating 
with water to ^00°, but when boiled with baryta-watof it gives off toluidino. The 
hydrocMoridey formed by passing hydrochloric acid over the compound l^ated to 100 ', * 
is decomposed by boiling witli wHter. J 

TAylamldo-aiglyoollamldes, or Tolyl-ozetbylene-blurets. f. The 

riloaotolyl-compound, is produced by 

heating tolylamidoclycollainide for some time in an open vessel. Toluidine is 
then given off, and on cooling, a crystalline residue is obtained which is somewhat 
difficult to dissolve in altohol, whereas toSylamidoglycollamido is easily soluble 
therein. On washing this residue with alcohol to remove the unaltered amide, and 
repeatedly crystallising it from hot alcohol, the monotolyl-oxcthylene-biuret is ob- 
tained in beautiful iridescent laminae and short thick prisms. 

This compound may, however, bo more easily prepared by heating monochlor- 
acotamido with an equivalent quantity of toluidino. It is also one of the bodies 
formed, as above mentioned, as secondary products in the preparation of tolyl- 
ainid()glyc(^lamido, in grciatei* or smaller qi^intity, accorcling as the mixture of 
1 mol. chloracetimido and 1 mol. toluidino is kept in the state of fusion on the water- 
hath for a shorter or longer time. In this case, therefore, the hiurot is formed at a 
temperature much below the melting point of the tolylamidoglycolUimide, perhaps 
in consequence of the presence of free hydrochloric acid which abstracts toluidino. 
On treating the product with a small quantity of cold alcohol, the tolyl-oxothyleno- 
biiiret remains as a sparingly »solublo body^ which, w’he’i rccryslallised from hot 
alcohol, likewise separates in iridescent laminm and prisms. It melts without de- 
composition at 250°, dissolves very sparingly in water, slightly in cold, more easily 
in hot alcohol and ether. 

By duo attention to the course of the reaction, it is possible to prov(‘nt tlio forma- 
tion either of this body or of the tolylamido-glycollamide. If the former is produced, 
it is almost always accompanied by a third body, which may bo separated from the 
biuret by treating the mass with tf small quantity of alcohol, filtering, and mixing the 
filtrate with water; this third body then separates in very slender needles, and may 
bo purified by rodissolutioii in alcohol and precipitation with water. If all the three 
bodies are formed at once, the amide is first removed by treatment with a small 
quantity of boiling water, and the residue is treated as above. 

This third body is the nitril of tolyl-glycocine, or tolylamidacetonitril, 
CH-.NH(C'H’') — ON, and is formed by abstraction of water from tolylamidoglycol- 
lamido, CIP.NII(C'H') — OONIP, in the m?ne way as acotonitril from acetamide 
(Meyer, Deut. Chem, Ges, Her. viii. 1163). 

^ • 

Bitolylamido - diglycollamide, or Diiolyl - oxethylene - hiurety 

(jO NII(C^II^)* This compound is pre- 

pared, like the corresponding phenyl-compound, by heating chloracctolnido with 
mo*derately concentrated alcoholic ammonia in sealed tubes to 100''*for several hours, 
concentrating the product, and precipitating with water. A crystalline preeipiUite 
is thereby obtained, which may bo purified by repeated solution in alcohol, precipita- 
tion with watd^, and final recrystallisation from very dilute alcohol. 

Tolylamido-diglycollaraido crystallises in rosettes of long soft silky needles, melts 
at 140*5°, dissolves easily in ether and liot alcohol, with moderate facility in cold 
alcohol, sparingly in water even at the boiling heat. 'With acids and bases it behaves 
like the analogous phenyl-compound (Meyer, idid. 1155). 

Tritolylamido - digly coll amide, or ^^ritolyl ~ oxethylene - hiuret, 

{IH^yeokolmdidsaureditolmdiii, is 

formed by heating tolylamidoglycollotolmido in an open vessel to about 160°- 
170°. Largo quantities of toluidine are then given off, and the product on cooling 
sojjdifies to well-defined needles. In sealed tubes the reaction does not take 
place below 235°. The product is repeatedly crystallised from alcohol— in the latter 
case with addition of hydrochloric acid— and finally separates in very beautiful long 
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white needles, which melt at 251°. It is nearly insoluble in water, slightly soluble 
in cold alcohol and ether, freely solublAin the same liquids at Iiigher temperatures. 

By further heating of the oxethylono-biurets formed as above, it might bo possible 
— by elimination of a second molecule of an amino — to obtain njiomologuo of iso- 
cyanic acid OP carbimido, CON^? (Jno of these homologucs, producible from^,ritolyl- 

• vCH* 

oxethylerfe-biuret, would have the composition N(C’H’)^ I , and monotolyl-ox- 

^CO « f 

ethylene-biuret might yield in like manner the next homologue a£ carbimido, viz. 




™<r ^ 


eyer, ibid, 1163). 


Tlilogrlycollio aoldf C^lf^O^S = ITS — CH® — COOIIr (Claesson, I%chifs 
Annalen^ clxxxvii. 113). This acid is formed, together with thiodiglycollic acid, 
C'H«SO« = COOH— CH®— S— CU'^— coon (v. 776), by the action of monochloracetic 
acid on potassium hydrosulphide ; ^ 

CH=Cl-CO*II + KSH = KCl + CH^SII)-C02H. 


To prepare it, crystallised chloracctic acid (1 mol.) is added to a concentrated solution 
of potassium hydrosulphide (2 mols.); the product, at the end of the reaction, is 
concentrated on a water-bath, and filtered; the filtrate is treated with excess of 
absolute alcohol ; the filtered alcoholic solution is evaporated ; the residual salt 
dissolved in water and decomposed by sulphuric acid ; the thioglycollic acid thereby 
separated is extracted by ether ; and the ether evaporated. 

X Thioglycollic acid thus obtained i^a colourless nn crystal li sable oil, soluble in all 
proportions in water, alcohol, and ether. It has a faint odour, which becomes suffo- 
cating when the acid is warmed. It appears to bo capable of volatilising without 
decomposition when slowly heated, but decomposes when quickly heated, giving off a 
very unpleasant odour. • 

Thioglycollic ^acid forms three classes of salts^, represented by the following 
formulae : * * 


a. Normal fi, Basic y. Acid 

ems.H C1P.S.M' • ams. ch»s.m' 

I I . <‘n<i I >M" 1 

CO.O.M' CO.O.M' CO.O / CO,O.H 


a. Thioglycollic acid is a strong acid, and forms salts of this typo witli the alkalis, 
alkaline earths, and some of the metals of the iron group, generally with tho-se metals 
which have a greater affinity for oxygen than for sulphur. They are obtained by 
dissolving the oxides or cnrlx)nates in the .acid. They aro very soluble, and for the 
most part do not crysUllise well. 

The normal potasmm salt, ILS.CIP.CO.OK, is very soluble in water and crystal- 
lises therefrom in spherical groups of small needles containing 1 mol. H‘0. It dis- 
solves very readily in alooliol, but the solution gradually absorbs water, and the salt 
is then for the most part depo.sito(l in tho anhydrous state. It is not deliquescent. 
The anhydrous salt dissolves in small quantity in boiling alccdiol, and cry.stallisos oii 
cooling in capillary needles. It oxidises in contact*wdtli tho afr. On treating it with 
excess of potfissium carbonate, carbon dioxide is given off, and the dipotassic salt 
KS.CIP.CO.OK is produced. 

’Barium salt, (IIS.CIP.CO.O)^Ba. — This salt^ries up on spontanoons cvapor.atioii 
to a gummy maaw. It is insoluble in alcohol, and is precipitated tlieroby from* its 
aqueous solution in tho amorphous state. 

Tho ethylie ether, HS.CIP.CO.OC*IP, is easily obtained by boiling the acid with 
absolute alcohol, and adding a few drops of strong hydrochloric acid; IC is a colourless, 
very fetid oil, heavier than water and somewhat soluble therein. It begins to boil at 
about 166°, but tho boiling point slo wly ri^es to 260°, and tho ether partly decomposes, 
giving off hydrogen sulphulo i\nd forming ethylie thiodiglycollato, which passes over 
with the undecomposed portion. If tlio boiling ho somewhat prolonged, tliis decom- 
position is nearly complete. Tho two ethers may bo e.asily distinguished by tho fact 
that the thiodiglycollic other, when' treated with alcoholic potash, immediately forms 
a crystallisablo potassium salt, which is not tho case with the thioglycollic ether. 

/3. Tho basic thioglycollates containing univjilcnt metals are distinguished 
from tho acid salts (p. 885) by the circumstfinco that the atom of metal which is attached 
to tho sulphur may bo removed by tho weakest acids, whereas in tho metnllothio- 
glycollic acids this removal can he effected only by hydrogen sulphide. Tho dhly 
basic thioglycollates known are those of the alkalis and alkaline earths. The former 
are nncrystallisahlo and difficult to obtain pure. 
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CH*.Sv ' 

The barium salty | ^Ba + SH^O, ma)||be prepared by mixing the normal potas- 
sium salt with ammonia and barium chloride ; by mixing the potassium salt or the 
free aisid with biSii^m hydrate; or by mixing Che JKjrmal barium salt witli ammonia. 
It is crystalline, nearly insolulje in cold water, and is but slowly dissolved by -warm 
water. Carbonic acid decomposes it readily into caibonato and normal tliioglycollatc ol* 
bariums » 

CH2.S.M' • 

7. Motallo-tliioglyeollic acids, I . Thioglycollatos having the metal 

in inihiediate connection with tlie sulphur are formiKi only by those metals which ha^e 
^ groat aflRnity Ibi]^ sulphur. Each of these compounds is a true acid ciipablo-wf form- 
ing salts with other niet.'ils. On account of their tendency to pass into compounds in 
which tho hydroxyl ic liydrogon is also replaced by a metal, only the three following 
liavo been obtainci in a statcj somewhat approiichlng to purity. 

Mercurothioglycollic acid, C*K«0^-Ug - CO‘‘ll.CH‘S.Hg.CH'-S.CO”‘H, is 
prepared eitlier by mixing free thioglycollic *acid with mercuric oxide, whereupon a 
brisk reaction takes place,— or, better, by mixing a cold solution of the potassium salt 
with mercuric chloride, tho mercuro-thioglycollic acid then immediately separating as 
a felted mass of long slender needles : 

2(K().CO.CH2.SH) + IlgCl^ = 2KCI + (HO.CO.OIl‘S)-Hg. 

Mercurothioglycollic acid is nearly insoluble in cold water, but dissolves easily in 
boiling water and in alcohol, and crystalliscsfn long slender needles resembling cotton- 
wool when dry, or in shorii Hat prisms. It lias an acid reaction, and unites with 
nearly all metals except tlie alkali-metals, forming sparingly soluble and for tho most 
part crysUilliscd salts. It decomposel^ metallic salts, taking tho metal to itself, and 
forming acid salts with bariiiti, aluminium, and manganese, neutral salts with lead, 
mercury, and silver. These ^alts decompose only at very high temperatures, leaving 
pure or nearly pure metallic oxides. * » * 

Tho barium salt, BaH*(O.C0.01I“.S)^IIg2 formed on mixing hot solutions of the 
acid and barium chloride, separates in r^milicd groups of microscopic crystals. The 
aluminium salt, At*H®(O.CO.CH'‘*.S)''-Hg*, formed from alum and the free acid, resembles 
tho barium salt. Tho manganese salt, MnH‘*(O.CO.CH^.S)*Hg^, resembles the two 
preceding in its mode of formation and its external characters. The lead salt, 
Pb(O.CO.CH*.S)-Hg, is formed as an amorphous precipitate, on mixing a solution of 
tho acid with lead acetate. Tlio mercuric salt, Hg(O.CO.CH'''.S)'Hg, is produced in 
like manner from mercuric chloride and the free acid; also on adding mercuric chloride 
to potiissium thioglycollate. It is amorphous or indistinctly erystalliiie. Tho silver 
salt, Ag‘(O.CO.CII*.S)*Hg, is a white amorphous precipitate formed from the free acid 
and silver nitrate. Its analysis gave 33*40 per cent, silver instead of the calculated 
(juaiitity 3G‘18, showing that the hydrogen in the acid had not been completely replaced 
by silver. 

Cuprosothiogly collie acid, (HO.CO.CH='.S)“Cu*.— Potassium thioglycollate 
gives with cupric salts a bluisl^black precipitate, which, on further addition of potas- 
sium salt, becomes nearly wliite, in consequence of tho reduction of tho cupric salt 
formed in tlie first insUnce to a cuprous salt. In this respect the behaviour of thio- 
glycollic acid U) cupric salts is similar to thatbf xanthic acid and analogous compounds, 
•and of mercaptan. The white compound has tho composition above given, and reacts 
altogether like a cuprous compound, dissolving readily in pQtassium cyanide and 
sodiiftn thiosulphate, and without colour in ammonia. In the moist state it blackens, 
being reso^rod into tJie cuprous salt, Cu*(O.CO.CH-.S)*Ou®, and free thioglycollic acid, 
but this change may be prevented by addition of acetic acid. The compound dissolves 
readily in hydrochloric acid and in alkalis, forming salts. By Addition of other metallic 
salts to the alkaline solution, amorph«9us precipitates are produced, and the metallic 
hydroxide- formed at the same time may be extracted by acetic acid. Tho barium salt, 
Ba(O.CO.OH*.S)*Ou*, is a greyish amorphous precipitate. 

Biamuthothioglycollio acid, (HO.C£).CH^S)’Bi, is formed, on mixing potas- 
sium thioglycollate with a solution of bismut!l nitrate, as a yellow precipitate which 
rodissolvos on agitation, but becomes constant on further addition of the bismuth salt. 
This precipitate is a white soft mass ^hich soon becomes hard and brittle ; it melts 
at 30^-35°. On continued addition of bismuth nitrate it yields amorphous yellow 
• precipitates which do not melt, and the easily fusible compound itself, when heated on 
the water-bath, loses weight and becomes in&sible. 

Argento-, Plumbo'^aad, Cadmiothioglyeollic acids , — ^Ihese acids have 
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not been obtained in a state even approaching to purity, the precipitates which are 
formed by metallic salts in a solution of l^tassium thioglycollate, consisting of salts of 
these acids containing the same metal that enters into the acid itself (p. 884). 

Argevfothioglycollatc of Silver, Ag,O.CO.GH“.S.Ag, is formed gn adding silver 
nitrate to free thioglycollic acid 91 ! the potassium salt, as a wh it 0 , , perfectly amof'phous 
mass, which is not altered by light ; is quite insoluble / n acetic and in cold nitric acid ; 
shrinks up« on drying to a hard dark-coloured mass ; and requires a somewhat high 
temperature to decompose it. * *■ 

Cadmioihipglycollate of Cahmimn, Cd(O.CO.CH2.S)-Cd, is obtained an amorphous 
,or indistinctH crystalline mass on adding pobissiuip thioglycollate to a solution of 
cadmium siilpluite, the latter being kept in excess. It dissolves readily in the pota#.- 
sijim salt and in hydrochloric acid. 

HiMothioglycollate of Lead, Pb(\).CO.CH'-'.S)-Pb, obtained ISm the silvor-(?on*> 
pound, is a white or slightly yellowish precipitate, amorphous at first, but crystallising 
afler some time in distinct Hat prisms. It is quite insoluble in acetic acid, but is 
dissolved by a large excess of nitric acid. If the potassium thioglycollate is added in 
excess, the precipitate is yellow and coi^aiiis a much smaller proportion of load. 

Platinic chloride does not form a precipitate with thioglycollic acid, probably 
because the resulting platinothioglycollie acid is .soluble in hydrochloric acid. 

ThloirlycoUlc Stbers, KS.CIl-.CO.OM (R denoting an alcohol -radicle and M 
a metiil or hydrogen) ; also called Sulphacctic Ethers, These compounds, first pre- 
pared by Blomstrand (fJeui, Chem. Ges. Her, iv. 717), have boon further examined by 
Clatsson {ibid. viii. 120 ). 

Ethyl- thioglycollic acid, C-ff’^.CH-.COOH. — The ethylic other of this acid 
is fClmed, with great rise of temperature, on mixing the qjcohoiic solutions of ethylic 
monochloracetato and sodium mcreaptide, and, after filtration from the separated 
sodium chloride, may be precipitated by water.‘ By heating the ether with baryta- 
water in sealed tubes, .and decomposing the resulting l)rrium salt with sulphuric .acid, 
the ethyl-thioglycollic acid is obtaineil as an uncrysta Hi .sable oil. It is easily soluble 
in alcohol and cthor, modoMtoly soluble* in w'ater. iV does not volatilise without 
decomposition, but may be distilled Avith vapour of watesr. Its salts dissolve readily 
in water and in alcohol ; they do not bear ^0 high a temperature as the phenyl- thio- 
glycollatos (p. 887). They are oxidi.scd by nitric acid, and form a viscid brown 
precipitate with iron wilts. The potassium salt, 0'‘^H*.{^.Cir-.C00K, forms deliquescent 
crystalline crusts, slightly soluble in alcohol. The si/wr C'H*.S.CJ^'■‘.0OOAg + 
.H.'‘'O, is a crystalline precipitate Avhich does not give off its water over sulphuric acid. 
The barium salt, (C‘‘*H*.S.CU2.COO)'-Ba, and the calcium salt, (C'^H*.S.CH2.COO)"Ca, 
crystallise in radiate groups of needles. The lead salt is a tdscid mass ; the magnesium 
salt, (C2H*.S.CJP.C00)'‘i\rg4-3H=0, and the zinc salt, ((>TP.S.0IP.C00)2Zn-i-2H*0, 
are crystalline masses. The cadmium salt, (C-H\S.CH’“.COO)’^Cd + H*0, forms prisms 
which melt and givoofiP their water at 100^ ; it is less soluble than tlie preceding salts. 
The manganese salt is of similar character. The cohedt salt, (C®H*.S.CH*.COO)*Co + 
2H*0,formssmall violet-red very soluble prisms ; the nickel salt, (C'“II®.S.CH 2 .COO)*Ni - 1 - 
is greenish, hut in other respects like the cobalt salt. The copper salt, 
(C‘''H®.S.OH®.COO)‘''Cu + 211-0, forms small shining rhpmbic plat^ which melt at 90°, 
and decompose with great facility. 

The ethylic ether, C-H®.S.CH*.COO.C-H*, prepared as .above described, is a strongly 
refractive oil, which has a strong odour, a density of 1-0469 at 4°, and melts at 187°- 
189°,* It is not .attacked hy iodine, but bromine* acts upon it strongly. Ammonii^ 
converts it into ethyl-thioglycollaraide, C-IP.S.CH®.CO.NIP, which crystallises 
in long thin prisms, melts at 44°, dissolves easily in water and in alcohol, and cannot be 
volatilised without decomposition, 

Ethylic DiethyUulphiniodacetate, C-H*— , is formed by hctating ethylic 

1 / JCOOC^H* 

rthylthioglycollate and metlyl iodide in equal numbers of mols. to 120 ° in a sealed 
tube, and separates, on leaving the product to eveaporato in a vacuum, in yellowish 
crystals. When agitated with silver oxide it yields a strongly alkaline solution. 

Amylthiogly collie acid is a visiSd liquid. Its ethylic ether boils at 230°, and 
has a density of 0*9797 at 4°. Its salts, except those of the alkali-metals, are but 
slightly soluble. The zinc ana cadmium salts are white precipitates; the copper salt 
crystallises in slender needles ; the lead salt is*'veiy easily fusible. 

* Brlenraeyer a. Lisenko {ZeUschr, Ct^em. Pharm. 1863 , 184 ) describe this ether as a liquid boiling • 
at al)Out 100 °. The wvuso of this discrepancy appears to be that they prepared it with sodium 
mercaptidc wliicli harl V»cen soinowhat altered by besit, as indeed appears from the fact that they were 
obliged to heat it witii the ehlorucctic ether in sealed tubes, whereas with unaltered sodium mercaptide 
a strong reaction takes placjc at ordinary .tcmpcratnix>s. 
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Vhenyl-thiogly collie acidy C®H*.S.tolP.COOII. — Tho othylic ether of this 
acid, prepiirod by tho action of sodium pliMiyl-morcaptidc on cthylic chloracetale in 
alcoholic solution, is doconiposcd by alcoliflic potash like tho corresponding ethyl- 
compound, yielding potassium phonyl-tliioglycollate, which separates in costal lino 
spaiifidcs; and bf decomposing this salt with* hydrochloric acid, the free heid is ob- 
tain(?Q in the fornf of an oil^wliich soon becomes* crystalline. From a hot dilute 
solution it separates on cooling in thin brittle plates. It melts at 43’o°, {^nd resolidi- 
fies at '^l^®. It dissolves in all proportions in alcohol and ether, slightly in cold, more 
readily iii wa^m water, fonuing strongly acid soluti 4 )ns. It cannot be volatilised 
alone, but distils even with vapour of water. It is not decomponed by l)oiling with 
jjiiute acids. Its salts arc, for'llio most part, slightly soluble in wjiiter, insoluble iA 
.ilco^iol; they may all, except tlui copper salt, bo heated to 100° without alteration, 
bu|; begin to blacken and decompose at 200®. , ^ * 

* The potassiuifi salt, C®IP.S.CH*.CO.OK, crystallises in thin silky needles, moder- 
ately soluble in hot water ; it is not decomposed either by boiling its solution or by 
fusing it with potash. Tho sodium salt, C®TT*.S.CIl*.CO.ONa, may be produced 
directly by decomposing sodium monochloracetato with an alc«diolic solution of 
sodium phenyl-morcaptidfc ; it forms crusts ojmposcd of nodules. The mmmiium salt 
forms crystalline crusts which melt with decomposition above 100°. Tho silver salt, 
C®lP.S.CH'\COOAg + II'^O, is a white precipitate. 

The following are represented by the general formula ((^“H^.S.CH^.COOyW'. 

Barium sail. — Anhydrous crystalline mass composed of slender needles ; moderately 
soluble in hot vfsxtQT.- Cahiam .salt. Anhytlrous; groups of oblique tablets. — Lead 
salt. Anhydrous ; amorphous prccipihitc which soon hardens, and melts at 60°. — 
Magnesium salt, +311*1). Shining scalej| conUiining 3ll*0. — Zinc .salt, +2H“0. 
Radiate groups of long needles having a silky lustre. -Cadmium salt, + H’O. SIrfning 
scales. — Manganese salt, + 511-0. Rulky mass composed of oblique plates. — Cupric 
salt. Anhydrous ; amorplious precipitate of fine green colour. Easily alterable ; 
becomes viscid when cxposq^l in the moist state to the air; heated with water it 
yields tarry masses consisting of a basic salt. The normal salt dissolves easily in 
ammonia, and the solution when evaporatctl in a vacuuir# leaves Wue prisms. 

The cobalt, nickel, aluminium, ferric, and chro7nic salts arc amorphous precipitates. 

Tho cthylic ether, C*H\S.CH'-.CO.OOH*, is a liquid which in tho pure state has 
a sweetish, aromatic, and not unpleasant (xlour, a specific gravity of 1 ‘ISC at 4°, and 
1*1269 at 15°, and hoils with partial decomposition at 276°~278°. The amide, 
C®H*.S.CH*.GONlF, prepared from it crystallises from alcohol in small plates melting 
at 104°, easily soluhlo in alcohol, le.ss soluble in water, very slightly soluble in ether. 

Bramophenyl’thioglycollic acid, C®lI'Br.iS.Cir-.COOII. — The ethylic ether of this 
acid is formed, with briSk reaction, on adding bromine to a solution of cthylic 
phenyl-thioglycollate in carbon disulphide. Treated w'ith alcoholic potash, it yields 
the corresponding potassium salt, and this, when decomposed by hydrochloric acid, 
yields the free acid in shining slightly soluble needles melting at 112°. 

Oxidation-products of Ethyl- and Plienyl-thioglycollic acid (Claesson, 
loc. dt.) By subjecting a salt of either of these acids to the action of a solution of 
potassium permanganate (not of nitric acid, or of chromic acid mixture), the sulphur 
contained in it majf bo oxidised, without fui'ther decomposition .of the molecule, to 
SO- or SO®. In this manner tho following acids have been obtained : — 

Ethyl-sulphoglycollic acid, C'‘'H®.SO* CIP.COOH. — This acid, separated from 
its zinc salt by hydrogen sulphylc, forms a*thick uncrystallisablc liquid, which dis- 

• solves very easily in water, as also do most of its salts. The potassium salt, 
C^H^.SO^.CH^.CO^K, crystallises from alcohol in small, coloiflrless, very hygroscopic 
platis. The barium salt, (C*H*.S()®.CH-.CO-)-Ba, forms small nodules ; the copper salt, 
(C'-H®.SO*jpII®.CO®)®Cu + 2H-0, rather large bluish plates, becoming anhydrous at 
210°. The zvnc salt and tho silver salt are moderately soluble; the latter forms 
small needles. The lead salt forms small, very soluhlo plates. 

Fheny l-sulphog lycollioacid, C?'H®.SO*.CH*.COOH, is separated by hydrochloric 
acid from the concentrated solution of its potassiuiA salt, as an oil ; it dissolves in ether 
and is left on evaporation in the form of an oil which soon solidifies. By crystallisa- 
tion from water, it is obtained in small mon^clinic crystals which melt at 109°, havo 
a A'^ory sour taste, and dissolve easily in alc9hol and in ether. Its salts are more 
soluble than those of phenyl-thioglycollic acid, the f>otassium and zinc salts being 
even deliquescent. The silver salt, (J«H®.SO®.CH*.COOAg, crystallises from boiling 
water in slender needles. The cepper salt, (C®H*.SO*.CH®.COO)*Cu + 2H®0, forms 
, small green moderately soluble tablets. 

PhenyUsulphigly collie acid, C«H*.SO.CH*.OOOH, is produced when a salt 
of phenyl-thioglycolLic acid is treated with half the quantitvof permanganate required 
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to convert it into the sulpho-acid. It forms colQijfless crystals melting at 74®. The 
copper salt is a greenish amorphous preeij^tate, 

G&TCOXiS. Action of Water. — Oarius found that ethylene bromide heated with 
water in * sealed tube to ir)0®-180® .is resolved into acctaldehycV' aud hydrogen 
bromide (ls< Sappl. 602) : t 

, C“Hn5r= + ffO = 2HBr + 

Tliis conversion of a glycollic ether into an aldehyde might be supposed to hike place 
either through the medium of the brominated hydrocarbon or through tliat of the 
corresponding gdycol. Thus the conversion of isobutylene bromide into isobutyric 
aldehyde inightoe represented by cither of the two following sots of equations : 

•' I. (CH»)2— CBr-CffBr = llBr + (CH>y=rC— CHBr ' 

'(CH*)”=a=:CHBr + H^O =S HBr + (Cll»)='^OH-CKO ' . 

II. (CH>)==CBr— CII^Br + 2H=0 = 2HBr + {CH»V=COH— CffOH 
(CH>)'‘.=zCOII— CH=OH = H*0 + (CH>)*r=CH— CHO. , 

Experiment shows, however, that bromisobutylcnc, (CIP)* ~.C“CH13r, is not acted 
upon by water at 150°-200°, wherens *jsohutylcno glycol, '(OH®)“~COH- Cir‘'OH, 
heated with water in sealed tubes to 180®-200®,is transformed, by elimination of H"0 
into the corresponding .aldehyde. The reaction must therefore bo represented by the 
second pair of equations above given (Nevole, Corned, rend. Ixxxiii. 228). 

Actioii of Oxalic acid on Etkylene-glycol. — The reaction begins at 80° with evolu- 
tion of pure carbon dioxide, while formic acid distils over, tlic distillate containing 
successively from 6*7 to 56*7 per cent, of 1 hat acid. The portions which distil over 
betvj^pn 172° and 175° consist of pure Ethylene diformate, 0*11^(00110)', and those 
obtained between 120° and 172° perhaps contain ethylene Tiionoformato. The same 
bodies are produced, together with glycol and^ small qujintities of free formic acid 
and methyl formate, by the action of potassium formate at 85° on a mixture of ethylene 
bromide and otliyl alcohol (Lorin, Compt, rend. Ixxix. 307 ; Bull, Soc. Chim. [2], xxi. 
409; xxii. 104). . 

Glycolic Diformin or Ethylene Diformifc is also produced by heating ethylene 
glycol for some time to boiling in a reflux apparatus with 3 to 4 parts of 75-80 per 
cent, formic acid. On distilling the product, a mixture of the mono- and di-formins 
passes over botwecMi 170'" and 180° ; and the <liforniin may bo easily isolated by again 
treating the mixture with uliuut 1 part of orystallisablo formic acid and rectifying the 
product. ^ Glycolic difornun is a colourless, very mobile liquid having a peculiar odour 
and boiling without decomposition at 174°. When heated in sealed tubes it is de- 
composed in the manner shown by the equation ^ 

02ir\()ciio)= - co= - 1 - CO + c*ii‘ .+ 11*0. 

At the same time the water thus produced sapoiiifles a portion of the formin, so that 
the residue contains small quantities of glycol and formic acid ( Ilennincer. Bull. Soc. 

[2J, xxi. 242). V fa » 

On G lycolic Ethers, see Ethylenb Compounds, pp. 752 755. 

Glycolic Chlorosulphonic acid or Ethylene-chlorosulphonic acid% 
C*H^C1(S0*H), is formed, together with chloral, by the action oi sulphuric acid on 

the compound CCP — ^^”^011 produced by the union of glycolic mono- 

chlorhydrin with chloral (L. Henry). ^ 

OI.-rCOXiTXi.TEXOCARBAKXSB, CS<™;™"'. Seo Caebamibks (Two-), ' 
p. 400. 

MYCOPROTfiXir. See Fuoteids. * 

OXTCOSAMnrs, C«fl:**N05-C0II(CHpH)\CmNn* (G. Ledderhose, Beut. 
Chan. Ges. Ber. ix. 1260). The hydrochloride of this base, C"H‘»N0*.HC1, is formed 
hy boiling chitin for half-an-hour with strong hydrochloric acid. The chitin then 
dissolves, forming a blackish-brown solution, which when evaporated loaves the 
hydrochloride in the form of shining c^stals mixed with a black amorphous mass. 
If chitin bo similarly treated, with addfeion of metallic tin, the solution formed has 
only a slight yellowish-brown dolour, and the formation of the amorphous substance 
is entirely avoided. The crystals amount to about 40 per cent, of the chitin employed. 
They have a decidedly sweet taste, dissolve freely in water, sparingly in alcohol, 
forming acid solutions. They give with soda ley and copper sulphate a dark-blue . 
solution, which deposits cuprous oxide on warming. 

Glycosamino hydrochloride is dextrogyrate, having a specific rotatory power, [o]ps. 



GLYCYRRHIZIN— GLYOXALINE. 889 

70*6. It appears to ferment with yiftsti The solution of the free base has an alkaline 
reaction, and decomposes with brown oolor^ion when evaporated. 

The constitution of glycosamine is that of a carbohydrate in which HO is replaced 
by NJP. , 

diLYCTRRBtZXXr and^OnCTRRBTZir.' Z. Boussin {Arch, Tharm. [3], 
viii. 156) observes that glycyrrhizin is a tasteless substance, and ascribe^ the sweet 
taste IJquorice-root to an ammonia-compound of glycyrrhizin, which, like the com- 
pounds formed by that substance with potash and soda^ has a very sweet taste. Ac- 
cording to Haoermann {Deiit, Chem. Gcs. Ber, x. 870), amorphous commercial gly- 
cyrrhizin yields to glacial actJtic acid a body which crystallises fi’om alcohol id 
fi(nnjpphorical groups of needles. It dissolves readily in water and in aqueous alcohol, 
les^ freely in absolute alcohol, scarcely at all ip ether. In its reactions it rpscmbi?!s 
'the amorphous colnpound described by Corup-Besanez (ii. 920), but has a different 
composition, and when boiled with dilute sulphuric acid yields a resinous body having 
the sweet and acr^d t;isto of the original substance. 

Griossmeyer finds that glycyrrhizin is resolved into glycyrretin and fermentable 
sugar by boiling, not only* with dilute acids, kut also with salino solutions, and even 
with water {Dingl. J. ceix. 228). 

According to Wosolsky a. Benedikt {Deut. Chem. Ges, Ber. x. 1158), glycyrretin 
fused with potassium hydroxide yields nothing but paraoxybenzoic acid. 

OXiYOXAXiy C=Il*'0* = H0C — GOH. Debus obtained this compound, together 
'with glyoxalic acid and other products, by the action of nitric acid on alcohol (ii. 920). 
According to Lubawin {Dciit. Chem. Gcs. Ber. viii. 768), it is better to use a 50 per 
cent, aqiieous solution of .aldehyde. In cylinders holding a quarter of a litre^the 
oxidation is completed in gi week; and the evaporated product consists mainly of 
glyoxal. 100 grams of aldehyde yi(‘ld from 45 to 100 of the rccrystallised compound 
of glyoxal and acid sodium sulphite. *Lubawin has detected formic acid .amongst the 
products of the action of ammonia on glyoxal, and explains the reaction in the same 
manner as Debus. 

• <» • I 

GZiYOXAXiXRB, This base, which Dolms obtained, together with 

glycosine, by the action of amiaonia on glyoxal (ii. 921), has been further 

examined by G. Wyss {Dent. Chem. Ges. Bar. ix. 1543 ; x. 1365). To prepare it, the 
cvaporat(>d residue of glyoxal obtained by Lubawin’s process is treated very ^.adnally 
with ammoiiisi in slight excess, the temperature being kept down. Glycosine then 
separates as a brown powder, and the filtered solution contains tho glyoxaline together 
with ammonia, chiefly as acctatl). This liquid is boiled with milk of lime to expel tho 
ammonia, then evaporateok to a syrup, treated with absolute alcohol to separate 
mineral salts, and filtered ; tho residue is strongly pressed to separate as much as 
possible of tho liquid ; and the whole of this liquid is distilled from a w'ide-ncckod 
retort. After one rectification tho glyoxalino is perfectly pure, and solidifies to a 
radiate, d.azzling-whitc crystalline m.ass. It dissolves c.asily in water, alcohol, and 
ether, but is not deliquescent, and crystallises in thick nacreous prisms. It has an 
alkaline reaction, and emits a slight fishy odour 'udien warmed. Its vapour-density, 
determined in sulphur-vapour ^ suffers scarcely any decomposition at 447®). is 2'36 : 
hence its molecular Formula is u^H^N^ (not C"I1*N*, as supposed by Lubawin). 

Beactions. — 1. Acetic anhydride and the chlorides of acetyl and benzoyl are 
without .action on glyoxaline, even when heatsd with it, or, .at least, form only addition- 
*products. From this it might he inferred that glyoxaline is a tertiary base. But if 
it bo boiled for some hours with ethyl bromidOy the syrup remaining after evaporation 
on the wfiter-bath taken up with water, the bromine removed by freshly precipitated 
silver chloride, and platinic chloride added to tho concentrated solution, thoro gra- 
dually sepjftatcs a salt having tho composition [(PH®N-(C*H®)(C‘‘*H®)Cl]®PtCl* + JH^O. 
Hence the reaction between glyoxaline and ethyl bromide takes place as represented 
by the equation : m 

C»HW + 2C*H«Bp = CPH»N*(C*ti*)(CW)Bp -h HBr. 

By treating tho hromothylato with moist*silvor oxide, the hydroxide may bo 
obtained as a strongly alkiiline liquid, which, wl!en dried in a vacuum over sulphuric acid, 
changes to a deliquescent crystalline solid. Benzyl cldoridc acts on glyoxaline in a 
perfectly similar way. ^ 

Glyoxaline is quite unaffected by chromic acid, and by^ reducing agents of all 
0 kinds, hut potassium permanganate oxidises it completely, yielding formic acid and 
carbon dioxide. 

When concentrated solutions of glyoxaline sulphate and potajsmum nitrUCt or of 
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the hydrochloride and silver nitrite^ are heated for a long time, the mixture evapo- 
rated, and the residue exhausted with ftbaoluto alcohol, a ni troso-dcri vati vo 
possessed of acid properties is obtained. The alkaline salts of this body are reddish- 
brown, a^d give with solutions of metallic salts, amorphous variously-coloured 
precipitates. , * , t 

Trihromoglyoxalinic acid, C^IlBr^’N-, is produced, tt^ether w^ith glyoxaliiie hydro- 
bromide, by the action of bromine on an ethereal or (better) aqueous solution of 
glyoxaline. In the latter way a bright l)rown precipitate is formed, which fnay be 
crystallised from a large quauHty of boiling water. It is readily soluble in alcohol, 
almost insolublp inMold water, and sparingly soluble iij ether, chloroform, and carbon 
disulphide; soluble in alkalis, and precipitated by acids. With the exception of 
hjjdrocyanic acid, it is the only knowm organic acid not containing oxygen. MeCt of 
its salts ^iro insoluble. The silver-compound, when boiled with ethereal solutions# of^ 
methyl or ethyl gives methyl- and ethyl-tribromoglyoxalinates, well- 

crystallised bodies, insoluble in w’atir and alkalis, soluble in alcohol and in' ether. 
On treating them for some time in warm alcoholic solution with sndium-avialgam, the 
bromine contained in them is displaced by hydrogen, yielding metliyl- and othyl- 
glyoxaline, C’*H*(CIP)N- and which arc oily bases forming deli- 

quescent hydrochlorides and crystalline platinochlorides, that of the mothyl-deriva- 
tivo crystallising in slender yellow needles, and that of the cthylnlerivative in 
yellowish prisms. 

Silver-glyoxaline is obtained as a granular insoluble precipitate when silver 
nitrate is added to a solution of glyoxaline — 


2C»HW + Ag>rO« = qWAgN" -I- 

or better by adding caustic soda to a mixture of glyoxalirii'> and silver nitrate. The 
reaction of acetyl chloride on this body gives ^unsatisfactory results ; the iodides of 
methyl and ethyl, how’ever, act upon it in the cold, giving, besides small quantities of 
the above-mentioned horaologucs, insoluble doughy cofnpouiuls, not yet investigated. 

Co7isfiiutio)i of (jlyoxalwc.--'r\io facility with 'which, one of the atoms of this base 
can be replaced by metals aAd alcohol-radiclcs makes it prob.'vblc that glyoxaline is 
an imide-base, and its reaction ■with the alcoholic iodides points to the conclusion that 
it is also • jiitril-base. Such a constitution may bo represented by the formula 

N^l to yield an aeetyl-derivativo with 


acetyl chloride is no proof of the absence of an imido^>n-grou]), since the phenylatod 
guanidines, as 'well as some other base.'<, exhibit the same peculiarity. Assuming this 
constitution, some of the above bodies may bo thus formulated : 


c^nv 

^1 V.C^H^Cl 
'^CTT— 

ChloretlJ3qatG o£ cthyl-glyoxaliuc. 




./CBr llv 

N^i y 

^CBr— CBr'^ 
Tribronioglyoxulinic acid. 



Silver-glyoxaline. 


„CH CH\ 

Nn > 

Methyl-glyoxalinc. 


N 


Grlycosine, the base formed simultaneously with glyoxaline, has been but little* 
studied. It forms, Ilowevcr, with silver nitrate, a double salt, C“.IPN‘.AgNO“, and 
exhibits the remarkable property of dissolving easily not only in acids but likewise 
in soda-ley at the boiling heat. ^ 


OXiTOXn-CARBAXIKZBlS or GXiTOXYB-UBlSA, 0^*11 = 
CII=*(C-II02)N*0. (L. Modieus, Liebig* s Anna^hii, clxxv. 230 ; l)cut. Chem, Gcs. Bar, 
ix. 1162; X. 644.) This appears to bo the constitution of an acid, isomeric with 
lantanuric acid, the potassium salt of which was obtained by Streckcr, with brisk 
evolution of carbon dioxide, on adding acetic acid to a solution of the potassium salt 
of the acid C‘I1®N*0\ called by Strockef oarojiic* acid, {g.v,) 

It is also formed, together with urea and carbon dioxide, by boiling uroxanic 
acid with water : * 

C»H“N<0« CO* + + C*H^N*0». 


The resulting solution concentrated and left to evaporate leaves a syrupy liquid, and « 
on neutralising this with barium carbonate, dissolving in water, and adding alcohol, 
a precipitate is obtained consi.sting of the barium salt of glyoxyl-nrea, (C®N*H’0*)*Ba. 
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The potassium salt is a crystalline powder ; the silver salt Jin amorphous powder. 
Glyoxyl-iirea itself crystallises in thick shilling needles, slightly soluble in cold, easily 
in hot water. 

Glyoxyl-uro,> breaks up, under the action 9 f potassium hydroxide, in tjio manner 
iiidicl,tod by the ft^lowing equations ; — * » 





.NH-CH(On) 

Sh-i*. 

GHfOIlV 

;j| 

COOII 


.Nil-* CH(OII)- , 
+ 2H*0 = CO< + I ; 

COOH 

coon 

21 +1 + 2H«0; 

COOII COOH 


»tlib ultimate prodticts being ammonia, acetic a5id, and oxalic acid. 


G&YOam-DZCAMAMZDE or -BZVREZBE, 

.Nil— CH— NH^CO— NH=* 

<Nn 4 o 


C*H"N*0* = Co/ 


This is the constitution of allantoin, which may in fact be formed by heating gly- 
oxylic acid with urea (p. 67). 

OEYOXYEZe ACZD, CHI'‘0* ( Debus) ; C“II^O* = CH(On)*—CO.OH (Perkin). 
See ii. 922 and 1st Suppl. 660. The constitution of this acid has been further 
examined by Perkin (Chem. Soo. Jour. 1877, ii. 88). Thcglyoxylic acid was prepared 
by decomposition of dibromacctic acid, whfch is readily obtained by treating acetic 
anhydridii with bromine, and subjecting the resulting monobromacctic acid to the 
further action of bromine .‘it the boiling heat and in sunshine. The silver salt of this 
acid, when boiled with water, is rcsofvo«l, with rise of temperature and formation of 
silver bromide, into dibromadiitic and glyoxylic acids : 

2C‘‘nBr*Ag02 +* 2H20 = 2AgBr + CHIWO* -f. C*H«0^ 


The same salt, boiled with alcohol, yieldsia mixture of (probably) cthylic dibromacotato 
and ethylic dietliylglyoxylato, CII(OC*II-')*— COOCW. Heated to 10(P'’’%ith dry 
ethyl oxide, silver dibromacetate yields an oily product which, when purified by agita< 
tion with ether and sodium cjirbonatc, has the composition C'IPBr'0\ Its formation 
being represented by the equation 2G‘‘*HBr-Ag(P=2AgBr + C‘H-Br^O‘ ; and this oil, 
wlien treated with water, is dttomposod into dibromacetic and glyoxylic acids : 

C’H-Br^O* + 21PO = C»H*Br*0* + C^R*0\ 


It appears to possess the properties of an anhydride, and may be regarded either as a 

.CO 

, or as a double anhydride, 

IH(0C*HBr*0) 


.CO 

dibromacetoglyoxyllide, 


CO-O- CO 
I I 

CHBr* CHO 


The aqueous solution of glyoxylic acid, if quickly evaporated over sulphuric acid 
in a vacuum, leaves merely a guijimy mass; -but by slower evaporation over sulphuric 
acid under the ordinary atmospheric pressure, the acid is obtained in crystals which 
are apparently oblique rhombic prisms, but it is not easy to iimkc out their form, as 
tliojfcare small and rather confused ; moreover, they are produced in a very thick liquid 
and deliquesce rapidly when taken out. The acid is very soluble in water and in 
alcohol, te%tes very much like tartaric acid, melts to a syrupy liquid when heated, and 
cannot bo distilled without decomposition. 

When heated to 120^-130° for fiv<i hours with absolute alcohol, it yields a colour- 
loss liquid consisting of the ethylic other of diothyl-glyoxylic acid, 
CH(00*H»)2— COOCm 

The ammonium sa% obtained by decomposing calcium glyoxylate with ammonium 
oxalate, or by neutralising glyoxylic acid ■'^ith ammonia, has, after evaporation in 
a vacuum, the composition C*H*NO* or C*H(NH*)0*, ^nd is the compound which most 
favours the formula C*H*0® proposed for glyoxylic acid by Debus. This salt, however, 
though quite neutral to test-paper, ^hen freshly prepared, like the glyoxylates of 
potassium and sodium, becomes acid when its solution is eva^rated in a vacuum, 
even after having been rendered slightly alkaline with ammonia, which dissolves it 
with great facility. From these properties Perkin infers that the compound in question 
is not a true ammonium salt, but ojiamido^acid formed from the ammonium glyoxylate 
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(produced in the first instance) hy elimination of H“0, and intorchauge between the 
group NH* and an OH-group ; thus : f 

Cn(OHXOH) CH(Nn«)(OH) 

• 1 ^ ^ = .IPO + I ' . « 

CO(ONH*) ' CO(OH) 

Ammonium glyoxylatc. Amidoglyoxylio 

» acid. ^ 

Amidoglyoxylic acid is similar ift constitution to aldoliyde"ainmonisi,CII(N{L-)otT — CH’, 
tlio CIl* being repbiccd by carboxyl. 

This view of tho constitution of the compound obtdineil by neutralising glyoxylic^ 
acid witli ammonia recoives some support from the fsicb tluit a compound exhibiting 
bcTth acicj, and basic propertic'S is obtajned in liko manner by dcctmiposing calcigni 
glyoxylato with oxalate of aniline. The substance thus produced is iioii-ciystalline, dis- ' 
solves easily in ammonia, .and is likewise soluble in hydroclilorie acid ; and tho solution, 
when evaporated, leaves a soluble hydrochloride from which a plj^tinochloride may 
bo prepared. 

Debus, on tho other baud (ii. 922)f.maintaius tlial. tht ammonia-derivative of 
glyoxylic acid is a true a»nmonimn salt, inasmucli as it is formed from calcium gly- 
oxylate by the ordinary process of double decomposition, and yields silver glyoxalate 
by decomposition with silver nitrate.* The acidity of the evaporated salt he attributes 
to tho partial loss of ammonia, wliich is constantly observed in tho evaporation of 
solutions of ammonium salts (p. 7«^). Ho therefore still considers that glyoxylic acid 
is correctly represented by tho formula (3-lPO®, which is likewise most in accordance 
with the fact that glyoxylic acid is fomic^l by direct oxidation from glyoxal, CHDO®. 

Reactions. — 1. When hydrochloric acid is .added to a mixture of syrupy glyoxylic 
acid and hydrocyanic acid, and the mixture is set aside for somo weeks, crystals of 
sal-ammoniac separate, and the solution, if thoK agitated M'ith ether, yields a small 
quantity of oxalic acid ; and on evaporating it to drynpss at 100^ and extracting tho 
residue with absolute alcoliol and ether, a solution is formed containing glycollic 
acid. 2. When a dUuto aqjicous solutior of glyoxylic'' acid is agitated with silver 
oxide, and hydrogen sulphide is passed into the liquid, there is obtained, together with 
oxalic acid, a syrupy sulphuretted .acid wh^jli is but partially precipitated by lead 
acetate, and lAay thus be separated from the oxalic acid. Tlic solution of its potassium 
salt forms precipitates with lead acctjite, mercuric chloride, and barium chloride. 
Tho acid is easily etherified. It probably consists of ‘ mercaptan-glycollic acid* 
[? thioglycollic acid]. 3. Glyoxylic acid is strongly acted upon by acetic anhydrid^^ 
and sodium acetate (Perkin’s reaction), but neither funiaric nor maloic acid could bo 
discovered in the dark-coloured product, the only subsbincds present, besides glycollic 
and oxalic acids, being a dark-coloured syrupy compound having an odour of burnt 
sugar (Bottinger, Lent. Chem. Gcs. Ber. x. 1084). 

OXkKSliZlfZTS. This mineral occurs in Nova Scotia in two distinct types, tho 
first of which, occurring at Two Islands and Cape Biomidon, exhibits +K and --E 
almost in equilibrium, together with ooK, oP, and ooP2. The prism ooK is horizon- 
tally striated ; qoP2 has somewhat rounded edges, and tlie colour is liglit flesh-red to 
milk-white. The second type occur.s on the Five Islands, eight mih s distant from Two 
Islands. In this typo there is an entire absence of OP; — R is scarcely discernible, 
(»R exhibits a strong lustre on its faces without a trace of striation. The clnirae- 
teristic form of this locality is —211, which is distinctly striated parallel to its com- 
bination-edges with R, the crystals being complete rhorabohedrons, some faces being 
well developed, whereas other crystals, when small, exhibit drusy faces. Colour 
darker than in tho crystals of tho first typo. (Imelinito from Bergen Hill occurs in a 
type intermediate between the two already described, a.s R and — R are unequally 
developed, and OR and ooP2 are not present. Chemical composition as follows : 



SiO* 

•APO" 

Fe’O* 

PaO 

Na*0 

K»0 

IFO 


Two Islands 

. 61*36 

17*81 

0*15 

6*68 

3*92 

0*23 

20*96 = 

100*11 

Five Islands 

. 60*45 

18*27' 

0*17 

M2 

9-79 

0*20 

20*71 = 

100*71 

Bergen Hill . 

. 48*67 

18*72 

0*10 

2*60 

9*14 

— 

21-35 = 

100*68 


From tho above analyses it is ovldcii- thaL tho chemicjil composition oxt!rts a con- 
siderable infliu'iico upon the crystallographical typo. Gniolinite from Fivf^ Islands 
contains a large amount of soda, and has a rhoipljohedral tj^o, R predominating ; that 
from Bergen Hill exhibits no particular characteristics, whilst tliat from Two Islands, 

* It must be observed, however, that Perkin doc»&ot deny the formation of ammonium glyoxylato 
in the first instance, or Its existence in solution, but considers that this salt Is converted into an 
amido-c<impound by loss of ll”0, on evaporation in the manner above described. 
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in which there is a largo proportion of lime, is remarkable for its pyramidal character 
(Ifowo, SUL Am, J. [3J, xii. 270). i 

OirsZSS. The sp. gr. and amount of silica in a series of varietios of gneiss in 
the lllack Foro^ of Baden have been determiped by Vogelgesang {Jahrb.f.,Min, 1873, 
431 5^: • **» 

1-6. Gneiss from the neighbourhood of Zindelstein, 9 kilom. W.N.'W. of Donau- 
echingen : 1. Ordinary gneiss. 2. Forphyritic. 3. Fine-veined, resembliJg mica-slate. 
4. BroT^n porphyritic. 6. Bed granular-veined. 6. Thin, scaly gneiss, resembling 
hornblende. ^ 7 and 8. Gneiss from Untorkirnach, 6 kilom. W.N.W. of Villengtn. 
7- Coarse-veined giieiss. 8. Garanular-veined, imbedded in the preceding in layers fropi 
• l*£j^to 2 meters thick : 

, 1 2 3 ^ 4 6 6 7 « 

'Sp.gr.. . ’ 2-708 2*724 2*712 ^685 2*617 2*769 2*725 2*650 

SiO“ per cent. 65 66 59 63 66 63 66 76*3 

The first thrfco varieties, after several days* treatment with cold dilute sulphuric 
acid, yielded, in solutiop, the following quantities of substance : 

1. = 23*64 2. = 14*84 3. = 23*48 per cent. 

The hist acid extract contiiinod 6 per cent. SiO% 6 per cent. Fe^O*, 5 per cent. APO®, 
together, with the greater part of the CaO, MgO, and alkalis present in the rock, 
therefore nearly half its amount of bases, but only about of the amount of the silica 
present. The analysis of rock No. 4 gave : 

Loss by 

•SiO» A1*0> Pe’0> CaO _ MgO Alkalis ignition 

63*34 16*44 11*89 2*93 ’ 1*76 3*36 1*29 =* 100*01.:. 

A petrographic description of the gneiss of Sweden has been given by A. E. 
Tdrnobolim (Jahrb, f. Mm, 1874, *131). P. Schweitzer (Am. Chem. iv. 443) has 
analysed the quartz, felspai^ and mica of the granitic gneiss on which New York is 
built. (See also Jahresb.f^ Chem. 1874, 1244, 1250, 1258.) 

Oil the Heat-coiiductimty of Gneiss, sob Hkat. * • 

On Gneiss’^ranulite, see Gbanulite. 

GOZSTBZTZ!. This variety of ferric oxido is found in Adair County, Missouri, 
in cavities of calcite concretions, forming crystals from J to f inch long, aggregated 
ill bundles at the base of the calcite from which they radiate. Sometimes a single 
crystal shoots directly though a calcite crystal. Sometimes also a quartz crystal is 
seen penetrated in various dwoctions by goothite. Minute, velvety balls of goothito, 
not larger than of a»inch, are also found resting on the calcito (Broadhoad, Sill. 
Am. J. xiii. 419). 

GOXiD. Occurrence. — Gold in a state of fine crystallisation is found at Vorospatak. 
The predominating forms are 0 and ooOoo , often in equilibrium, with occasionally 
303 and ooO and oo02 in combination, but the cube generally predominates. A twin- 
formation appears to be general, occurring even with gold in the form of ‘ plate* and ‘foil.* 
The faces of coOoo are also often characterised by a fine double striatioii parallel to 
the cubical edges.* also the crjmbination-odgcs of ooOoo with 0. The octqhodral faces 
generally exhibit an equilateral striation, and depressions are sometimes observed ou 
the cubical faces. The largest crystals found in this locality measured from 12 to 15 
mm. Twins of tlie ‘ middle cystol ’ are cjiaracterised by an abnormal development 
, parallel to tlio combination-edgo botw*een 0 and ooOoo , whilst twins of the form oo02 
are curtailed in the direction of a triagonal axis, and have tjio appearance of a very 
regular obtuse hexagonal pyramid. Gold occurs also at Vorospatak acicular, and as 
‘ wire,’ and crystals which at first sight appeared to bo prisms, w'ero found in reality 
to be pi^uliar ‘penetration-twin* cubes, with oo02 in combination. The plate and 
foil formations are produced by twining with an abnormal development parallel to a 
face of the octohedron (G. vom llatji, Jahrb, f. Min. 1876, 866). 

In Idaho (U.S.), gold occurs in scheelite, intimately associated with small quantities 
of pyrites, chalopyrite, and leucopyrite. In the Golden Queen Mine, Lake Go. Colorado, 
gold occurs ill scheelite in small crystalline granules, filling what appears to have 
been a geode of scheelite crystals (B. Sillitban, SiU. Am. J. xiii. 451). 

E. Cohen (Jahrb. f. Min. 1873, 511)des^bes the occurrence of ^Id at Marabastad 
and Eersteling in South Africa. The gold is difiTuW through quartz-veins in meta- 
morphic date, whereas the quartz-vdns in the granite appear to be free fyom it. In the 
secondary beds the gold is very widely diffused, but seldom occurs in largo quantities 
in any one place. In Mindano, one of the Philippine Islani^ also, gold is rarely found 
in quartz-veins, hut mostly in secondary strata, accompanied by platinum, lead (?), 
magnetic iron ore, specular iron ore and zircon (Minard, Bull, Soc, Chm, [3], ii, 403). 
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Specimens of native gold have been analysed by A. H. Church {Ckem* News, zxix. 
199, 209; xxxi. 163); a. From Liidock iuj Cornwall; 6. Ashaiiteo gold ; c. Gold from 
Wanlockhead in Scotland ; d. From Sutherlandshire ; 

Au Ag Cu Fe SlO“ and loss ^ Sp, gr. at 16" 

92*34’ 606 — ‘Iraco 1*60 = 100 , — # 

90-055 9-940 trace trace » = 99-995 17-55 

86-60 , 12-39 — 0-35 — == 99-34 16-50 

79-22 20-78 -- — — = 100 lC-62 

Analyses by R. Smith of gold from Queensland : (a) from Gilbert Ilfver, (A) from 
Paddy’s County, hafe been published by R. Daintree {Geol, 8oc. Qt(„ J, xxviii. 297):- 

Au Ag Cu Pb Pi Po f 

•. 89-920 9-688 0-128 0026 — 0-070 = 99-832 

*92-800 6-774 0048 *^0*048 trace 0-014 = 99-084 

The following samples obtained by melting gold direct from the mines have been 
analysed by S. Kern {Chem. News, xxxvii. 23). f 


Gold . 


1 . 
, 99-46 

2 

99-280 

3 » 

98-50 

4 

94-20 

5 

96-75 

Silver 


. 0-52 

0-640 

1-48 

6-76 

3-17 

Lead . 


. traces 

0-005 

traces 

0-01 

,001 

Copper 

Bismutii 


. 0-01 

0-070 

0-01 

0-01 

0-06 


0-01 

0-005 

0-02 

— 

— 

Iron . 


— 

— 

— 

traces 

none 


No. 2 could be hammered in the cold, ^ut fell to pieces when being forged in a 
heated condition. Specimen plates from these alloys tore easily, and were very 
brittle. Ingots prepared from them after they had been worked witli nitric acid 
and refined by cupellation, showed no brittlonets, forged well, and wore free from 
lead, bismuth, and iron. These results confirm the experiments of Roberts as to the 
effect of lead, antimony, and bismuth, in imparting brittleness to gold. Gold con- 
taining notable tracea^of arsepic showed no brittleness ; ’out -05 to -08 per cent, of 
arsenic was found to prevent gold being readily worked under the hammer. 

Treparatmi, — On the separation of the gold (about 18 per cent.) contained in the 
silver chloride formed in the purification of argentiferous gold by means of chlorine 
gas (l5^ Sujppl 652), see 2nd Suppl. 575. 

On the separation of gold from silver, and the preparation of fine gold, as practised 
in the Assay Office at Frankfort-on-the-Maine, see H. Rojisler (Liebig^ s Annalen, clxxx. 
240; Jahresb.f. Cham, 1876,286). ^ 

For recovering the small quantities of gold remaining in baths which have been 
used for electro-gilding, Rbttger boils the liquid with a strongly alkaline solution of 
sodium stsinnito, whereby a velvet-black precipitate is formed containing gold and 
tin. This precipitate is washed and dissolved in the smallest possible quantity of 
aqua regia, and from this solution the gold is precipitated in the metallic state by acid 
sodium tartrate {fiemt, Chem, Ges, Ber. 1876, 285). 

W. Skey finds, contrary to the statement of Daintree {2nd Suppl, 574), that when 
a piece of gpld is immersed in a solution of auric chlorid/), and an organic substance, 
such as wood or cork, is likewise introduced into the liquid, only a small quantity of 
gold is precipitated on the immersed metal (Chem. News. xxx. 162). 

For the preparation of precipitated gold (for gilding on porcelain, &c.), P. Woiss- 
kopf (Dingl. poL J. ccx. 65) recommends the following process. To 750 c.c. of a 
slightly acid solution ofi. auric chloride are added 12 grams of commercial caustic soda 
dissolved in 200 c.c. water, 0-5 gram starch or milk sug-ar dissolved in 6 c.c. water, 
and then 6 c.c. alcohol of 80 per cent, and 6 c.c. aldehyde. The gold is thofoby pre- 
cipitated in the form of a black powder, becoming cinnamon- brown when washed, 
and finer and softer than that which is obtained when ferrous sulphate is used as the 
precipitant. • 

On the Electrodeposition of Gold, see Electrolysis (p. 711). 

Detection and Estimation, -kocor^uig to S. Korn (Chem. News, xxxii. 171), potas- 
Siam thio<^anate is an extremely delicate tpst for gold. The gold is first separated 
from foreign metals, and then converted by addition of sodium chloride into NaAuCP. 
On adding this solution to the thirocyanate, an orange-red turbidity is produced, and 
soon afterwards a precipitate of the same colour. On slightly warming the liquid, 
however, this precipitate disappears, and the liquid becomes quite colourless. 

To detect gold in iron pyrites, H. Schwarz (Dingl. pol, J. ccxviii. 212) fuses 100 
grams of the powdered mineral with 46-6 grams of iron filings under a layer of com- 
mon salt. When cold the fused mass is broken up, and the resulting ferrous sulphide 
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dissolved in dilute sulphuric acid. The solution being filtered off, the residue con- 
taining the sulphide of gohl is -washed,’ dri^d, and roasted on a tile; some borax and 
2 grams of pure lead are then added, and the mixture fluxed in a niufflo furnace ; a 
small button of load is thus obtained, in -which, after dissolving in aqua regia, the 
pre^co of golc^can bo easily recognised by the u|ual tests. • 

lor the gold-aBsay of pyrites in Australia, a kilogram of the mineral is roasted 
dead, and stirred up with water to a stiff* paste ; a spoonful of mercury is^ then added, 
and tl» jvhole triturated in an iron mortar ; and after a while another equal quantity 
of mercury is^added. The mixture is then treated -with hot water, sodium carbonate, 
and 6 or 6 spoonfuls of mercury, again triturated for some t ime, qnd the amalgam is 
^levigated, collected, and distilibd. This process yields from 80 to 90 per cent, of the 
quantity of gold that is obtainable by assaying in the diy way (G. Ullrich, Bingl. pol, 
^,/,ccxvii. 617). ,, , ^ • 

Gold-amalgrams. The liquid amalgams obhiined by squeezing alloys of gold 
and mercury through chamois-leather always contain (at the ordinary temperature) 
0*126 per cent, of gold. At 0° the x^roportion is *110 percent, gold; at 20°, *126 per 
cent. ; and at 100°, -GSQ, per cent. : these amalgams, therefore, behave like aqueous 
solutions. When glass capillary tubes are* used instead of chamois-leather for the 
separation of the liquid amalgam, no relation can bo discovered between the diameter 
of the tube and the percentage of gold. 

The residues loft after the action of nitric acid on solid or liquid gold amalgams 
are not homogeneous, which proves that there probably exist definite compounds of 
gold and mercury dissolved in excess of mercury, just as in aqueous solutions definite 
hydrates are mixed with excess of water (Kasantsoff, Bull. hoc. Chim. [2], xxx. 20). 
A mixture of gold and mercury heated to#a temperature a little above the boiling 
point of mercury till its ^yoight became constant, left an amalgam containing 10 T)2 to 
10*5 per cent, mercury, which is the composition of the comx)ound Au*Hg (Schnauss, 
Arch. Pharm. [3J, vi. 411). • 

Bromides (J. Thomsoi!, J. Chenu [2], xiii. 337). The monohromide^ or 
Aurous Bromide, AuBr,piaybo prepared by heating hydro-auric bromide, AuHBri, 
in a porcelain dish, in such a manner that* tho heat may*aff*ect the bottom and not the 
sides. Water and hydrogen bromide t^en escape, and a solid mass is left consisting 
chiefly of the tribromide ; and this, when heated for some hours at about 116°, with 
occasional stirring, gives off bromine and a little hydrogen bi-omido, and finally leaves 
a yellowish-grey greasy mass having tho composition AuBr. This bromide is a 
yellowish-grey, friable, greasy substance, permanent in the air, resolved at a tem- 
perature a little above 116° into bromine and gold, and converted by hydrobromic 
acid into gold and hydro^uric bromide ; 3 AuBp + HBr = An- + AuHBr^ 

Tho trihromide, or Auric Bromide, AuBr*, is besst prepared by acting on hydro- 
auric bromide with other in a flask in which the liquid may bo cooled by exhausting 
tho air. A drop exposed on a glass plate till the ether has evaporated shows under 
the microscope a dark, very fine layer of regular crystals. In preparing large quanti- 
ties of the bromide, tho concentrated solution must be evaporated at a very low 
temperature. Auric bromide forms a dark-brown powder which is anhydrous and 
not deliquescent. It is perfectly soluble in water and ether, and the solutions are 
almost black wheh concentr&tod. An aqueous solution of auric bromide is easily 
prepared by shaking auroso-auric bromide for some time with warm water. A 
solution of auric bromide is reduced by sulphurous acid, first to aurous bromide, and 
then to metallic gold, the strongly colourcd’’solutioTi being first completely decolorised 
' without formation of a precipitate, and tho colourless solution yielding with potassium 
iodide a precipitate of aurous iodide having a fine yellow cofour. The second stage 
of the decomposition takes place after a few minutes only, gold being separated and 
the liquid agJiin becoming coloured dark brown by reproduction of the iribromido. 

Hydro-auric Bromide, AuHBr* + &lPO, is prepared by pouring bromine on 
pulverulent gold, and when the reaction is over, adding a quantity of hydrobromic 
acid (sp. gr. 1*38) equal in weight ff) tho gold employed, and then as much bromine 
as is required to dissolve tho gold completely. The solution left to itself at ordinary 
temperature soon deposits largo, flat, needle-shaped crystals, having a dark cinnabar- 
red colour ; they melt in their water of c^stallisation at 27®, hut may bo preserved 
without alteration at ordinary temperatures^ither in the air or over lime or sulphuric 
acid. < 

The dibromide, oiAuroso^auHc Bromide, Au*Br*, or AuBr.AuBp*, formed by 
the action of bromine on finely divided gold, is a nearly black, brittle, non-deliquescent 
mass, which decomposes at 1 15° into the monobromide and free bromine. It ^ssolves 
slowly in water, with absorption of heat, and formation of aurous and auric bromides. 
It is more quickly decomposed by acids, and partially by anhydrous ether, aurio 
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bromide being dissolved, while the residue, probably consisting chiefly of aurous 
bromide, decomposes slowly, leaving metallic gold. 

Chlorides (Thomsen, he. cit.) The monochloride^ or Aurous Chloride^ 
AuCl, is formed by heating the trichbridc to 185°, the completior of the change 
being indicated by the yellow colovi of the product. < 

The trichloridet or Auric Chloride^ AuCl*, is lapidly and easily prepared by 
decomposing aiiroso-auric chloride with a small quantity of water, the complete de- 
composition of the separated aurous chloride into auric chloride and gold benig pro- 
moted by heating. On decantihg the solution from the separated gold, evaporating 
it slowly, and finally drying the residue at 150°, the ferichloride remains in the form 
ot' a dark brown crystalline mass. As dilute solutions of auric chloride are apt to' 
decompose during evaporation, care must be taken to have the solution sufficiently 
concentrawod ; also to protect tlio sides Af the basin from overheating. Auric chloride ■ 
is also obtained as a bye-product, during the preparation of auroso-auric chloride, in 
the form of largo, reddish brown, laminar crystals. It is very deliquescent in damp 
air, and very soluble in water, forming a dark red solution, 

Kydrated Auric Chloride, AuCP + 2lT-0, is formed whi.n the solution of auric 
chloride, prepared as above, is concentrated by evaporation till a polliclo forms on 
tho surface, and separates in largo dark orange-coloured brit tle crystals often grouped 
in tufts ; they are very hygroscopic and deliquescent, but give off their water of 
crysbillisation in dry air, even at ordinary temperatures. 

Tho dichloride, AuCl-, or Au-GH, or Auroso-auric Chloride, AiiCl.AuCl*, is 
easily obtained by the action of dry chlorine gas on spongy gold (best prepared by 
precipitation with sulphurous acid, boiling with nitric aciil, washing, and diying at 
170^ It is a dark-red, hard body, easily reduced to a fine powder, very hygro- 
scopic, and decomposed by water into aurous and auric chlorides, which may be sepa- 
rated from each other by rapid filtration ; the ©aurous chloride, however, is decom- 
posed by washing into chloride and metallic gold. T^o dichlorido is decomposed 
at 250°, into chlorine and auric chloride, part of which volatilises in tho rapid current 
of gas. r 

By acting on auric chloride with silver fluoride, F. W, Clarke {Sill. Am. J. [3], 
xiii. 291) has obtained a brown mixture of a^ric oxide and silver chloride, the gohl 
fluoride probably formed in the first instauco being d(5Composed by tho water present 
into auric oxide and hydrofluoric acid. 

Auric Bydroxldov AuIIO®, orAu®0*.H-0,is best obtained, according to Thomson, 
by heating a very dilute solution of auric chloride (about 1 mol. AuCl® to 800 mol. 
water) with 3 mol. sodium hydroxide — whereupon tho liquid becomes first bright 
yellow and then dark brown - and adding a solution of sodium sulphate, which throws 
down tho auric hydroxide in tho form of a dark brown precipitate. It is insoluble 
in water, but dissolves easily in very dilute hydrobroraic acid, loss (easily in very 
dilute hydrochloric acid (Thomsen). 

Sulplildes. Acconling to A. v. Schrottcr and E. Privoznik {Vinyl, ^ol. J. 
ccxiii. 360), it is not possible, with tho materials and processes commonly used, to 
obtain definite compounds of gold and sulphur by precipitating gold-solutions with 
hydrogen sulphide, whether these, solutions are acid or 'neutral, coid or hot, dilute or 
concentrated, the precipitates formed being almost always mixtures of a sulphide of 
gold with free gold or free sulphur. Neither can a definite sulphide of gold bo 
obtained by dissolving tho precipitated sulphide in a» solution of the sulphide of an 
alkali-metal, because, when tlio solution thus formed is dc^composed by an acid, the 
resulting precipitate is*always mixed with free sulphur, which cannot be removed 
without decomposing the gold sulphide. * 

According to W. Skey {Chem. News, xxx. 36), gold sulphide is discolved at 
ordinary temperatures by potassium cyanide, and is slowly attacked by mercury, with 
formation of mercury sulphide. 

OO&B-BROXrZB. Tungsto-potassic Tungstate. See Tungstates. 

GOMBO. The gombo {Ilihiscus syriacus), a malvaceous plant cultivated in 
Syria and Egypt for the sake of its fruit, is also used for the manufacture of paper. 
The fibre is prepared for the purpose V]/ mechanical treatment in running water, 
without tho aid of any chemical , process ; and the paper produced from it is said to 
be equal in beauty and tenacity to tlie best rag paper (B. Landrin, Compt. rend. 
Ixxix. 1132). ' 

GBABAMZTB. This carboniferous mineriil, originally found in Ritchie 
County, Virginia {1st Suppl. 653), occurs also in Mexico. In the Cristo mine in tho 
north-western part of ^he State of Vera Cruz, it forms a vein between shales and a 
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roof connected with the vein and separdting the shale from the overlying eon- 
glomerato; it is semigriuiular, cloav.ablo, and separaled in columns. An analysis 
by W. Wallace gave 62*1*1 per cent, of volatile matter, viz. 61*32 per cent, illuminaliiig 
gas, 0*46 sulphur, and 0*36 water, and 37*36 pur eciit. coke, containing 31*36* carbon, 
0*37 sulphur, and 5*36 ash. iloth graliamite and alljcrtito (a black shining rninerni 
resembling cannel coal, from Alb&rt County, New Brunswick), {Chem. A’ms^vi. 1S2), 
appear tojiave boon formed from petroleum by loss of hydrogen and assumption of 
oxygon (J. i*. Kimball, Sill. Am. J. [3J, xii. 277). » 

GRAMM ATZTE. See Hornroenok. 

•GRAXVZTE. Tho following nomenclature for the several varieties of granite 
rocks L^proposed by H. Koscnbusch geol. Oes. xxviii. 369; Jahrb. f.^ Aliu. ^ 

18^7, *544) ; Muscovite granite^ composed of quartz, orthoclaso, plagioclase, potash 
mica ; Granitifc : quartz, orthoclasc, phigioclase, magnesia-mica ; Amphihulf. or Horn- 
hlvnde granite : quartz, orthoclaso, plagioclasc, hornblende ; Cinniite : quartz, ortho- 
claso, plagioclaso, potash-mica and magnesia-mica; Hornhlendifevom granite or 
Amphihole granite containing%mognesia-mica: qi^^rtz, orthoclaso, plagioclasc, inngiiesia- 
mica or hornbbmdo. Porphyritic granites not unfretpicntly contain pyroxene. 

Kosonbuscli also describes tho transitions of structure from granite, especially 
horiiblendo-granite, to quartz-porphyry, and gives tho composition of tw'o oxtromo 
varieties, from tlie Vosges, analysed by Ungor : 

(1). Typiciil variety of granito from tho And lauthal below Hohwald, (2). Bor- 
pliyritic variety from the Kirneckthal near Bontaine Laquiante : 

Si()= , ArO" Fe'O’ FeO CaO MvO K»0 iii’O H*0 

(1) . 71*785 17*518 2*279 1*026 1*892 0*^8 2*890 2 015 0*818 101*03:* 

(2) . 68*621) 17*184 3*586 0*204 2*114 1*111 3*667 2*110 1*066 - 99*971 

On the relation between Granitic anef Porphyritic structure, and on tho genesis of 
Granite, see also K. A. Lessen {Jahrh.f. Min. 1875, 542). 

On tho G rani to -porphyries of Saxony, see Pouphyry. 

On Enclosures of Granite in tho Volcanic 1?iifas of the sVabian Alps, see Dciriier 
{.Tahnsh.f. Chem. 1873, 1210). 

On tho Granito of Barr-.\ndlau, see Ungor {Jahrb.f. Min. 1876, 785; Chem. Soc. 
Jour. 1877, ii. 416). 

On tho Granite- veins of the Granulito mountains of 8axoiiy, soei Orcdner {Jahrh, 

F. Min. 1875, 751 ; Chem. Soc. Jour. 1876, i. 198). 

Action of Carbonic Add on Granite. — Pavesi a. Rotondi (Dcut. Chem. Gcs. 

Ber, vii. 818) have examined ijio action of water containing carbonic acid on granite, 
by means of compjirativc analyses of tho nucleus and decomposed cni‘^t of old moraiu- 
blocks from the noighboiirliood of Como. The spj.'ciniens were taken from a depth of 
8 meters. (1). Unaltered nucleus. (2). Decomposed crust ; 

Soluble 

in mil (:(»^ Fe‘0= A1=0‘ (Jal) 

(1) . 25*60 2*43 1*99 66*91 3*21 = 100*14 

(2) . 90*54 •- 3*45 — = 99*99 

• • 

GRAPES. .Prom oxporimonts on the ripening of grapes by C. St. Pierre and 
L. Magnier {Compt. rend. Ixxxvi. 401), it appears that, as the grapes approach maturity, 
ilioy evolve carbon dioxide both in i:Iio dark aifd in daylight, this evolution taking 
pbi^go indifferently in air or in any inert gas. When the observation is carried on for 
a sufficient length of time, the quantity of carbon dioxide evolvcil always found to 
bo greater than that of the oxygen consumed. Grapes absorb or give off moisture 
accordingly as they aro kept in damp or in dry places. As maturity approaches, the 
acids diminish* and the quantity of sugar increases. Tho mechanism of ripening 
appears to be tho following : The acids and glucose aro formed in the plant and carried 
by tho sap to the grape, whore tho acids aro destroyed while the sugar becomes con- 
centrated. When the grapes become over-ripe, the sugar is also consumed. 

Ripening of Grapes removed from the Vine . — Experiments have been made by 
Pollacci {Gazz. chim. ital. 1877, 517) to determine whether the process of ripening in 
sour grapes continues after they aro separated froth the vino. The mode of experi- 
menting consisted in taking bunches of sour grapes, dividing? them as equally as possible 
both as to state of maturity, size, &o. of t^e grapes, and the weight ; then estimating 
the glucose and the acid in one portion of the grapes just after gathering, and the 
same in another portion after the lapse of ten or twelve days, the grapes having been 
kef t in the shade. In every instance the amount of glucose had increased 'while that 
of the acid had diminished ; this effect was still more marked when tho ^apes wore 
exposed to sunshine. These results show that grapes gathered wlulst unripe continue 
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to ripen ; tlie action, however, ceases after a certain time, so that the grapes never 
become fully ripe. 

ORAPKZTE. According to (x. vom Rath {Jahrh. f. Min, 1874, r)21), graphite 
occurs, partly massive, partly a^ ii eoAting from 0 2 to 0*5 mm. tRick, on ciilespar, in 
fissures of a Middle Devonian limestone in the distri(jtof Wildo^v^icHe, Upper IfJhrtlial, 
Westphalia. A graphite containing 64 02 per cent, carbon, 21*13 ash, and 4 8 water 
occurs, together with iron pyrites and brown hematite, near Dobscliau ^Hungary. 
It is easily incinerated in contact with the air, in which nsspcct it resembles aiithracito; 
it might thcrefoke bo called graphite-anthracite (K. .Tohn, V^erh. gcol. Jieichsans/alt, 
1874,245). • 

. Several specimens of graphite from Rottenmann in Styria have boon examj-^iod oy 
C. V. Hauer a. C. John {iMd, 1875, 159). They yielded 86-0, 27 4, and 26*5 per cent, 
ash relatively to 14 0, 72*6, and 73*5 per cent, carbon. In other samples (iAirf. ’16v), 
the proximate constituents f>f the ash and the sulphur were determined, witli the 


following results : 

Total 

nali 

SiO’ 

R;’0> 

A1*0» 

1 

CaO 

S 

1. 

32*5 

21*50 

1*75 

7-50 

1*25 

0*31 

2. 

60*9 

27*50 

.5*00 

25*50 

2*50 

0*24 

3. 

73-S 

39*50 

400 

6*75 

2*25 

0*38 

4 * 

53*2 

33*50 

11*50 

5*75 

2*50 

trace 

6. 

21*9 

17*00 

3*50 

3*25 

trece 

0*22 

6. 

60-() 

39*50 

7*24 

11*75 

1*50 

0-38 

7. 

310 

21*50 

.^50 

1-25 

1*25 

tKv;;e 


Two specimens of graphite from the Stephanovsky Mine in Siberia have been 
analysed by S. Korn (Chem, News^ xxxii. 229} : 

Volatile 


C 

S10» 

Fe»0» 

A1»0“ 

CaO ifga 

matters 

S 

36*06 

-37*72 « 

4*02 

17«80 

1*'20 ■ 

3*20 

trace “ 100 

33*20 

43*20 

305 

15*12 

1*06 

4*03 

0*04 = 100 


At Mugrau in Bohemia, graphite occurs in long layers enclosed in gneiss, and in 
immediate contact with limestone. The formation is included in the district bounded 
on the cast by Blaben and Krurnau, and on the west by Wintorberg, with a N.AV.N. 
‘ strike,’ and an inclination of from 30^-80"^. Most of the graphite from this locality 
is of good quality. The gneiss appears to be considerably decomposed in the immodiate 
neighbourhood of the graphite vein, being in some cases, richer in iron, and occasionally 
passing into graphite-gm'iss, the rock being thoroughly impregnated with graphite, and 
of a black colour. At the contact-zone of the graphite and limestone, tlio graphite is 
accompanied by calcite, chloropal (i. 921), and a new mineral called ihleite (q.v.) 

Magnetic propertis of Graphite, The particles of iron carbide which are left 
behind when iron is dissolved in acids are magnetisaUc and become permanently 
magnetic. Of four pieces of native graphite examined, the most ferruginous, probably 
from Baireuth, cxliibited diamagnetism betw'cen the poles of a pow'crful electromagnet ; 
the other throe w'cre magnetic (A. L. Holz, Vogg. Ami, cli. 69). 

On the Specific Heat of Graphiief see Heat, 

On the behaviour of Graphite at high temperatures, see Caj^bon (p. 404). 

G-. Rose found that laminar graphite is more difiicult to burn than diamond — a 
statement confinlied by R. Blindow {Deut, Chem. Ges. Jier. ix. 19) — but that compact 
graphite burns more readily than diamond. When these several forms of carbon 
W'cre heated in the muffle of an assay furnace, it was found that in tho course of 
thirteen minutes there 'were burned : of laminar gr.apliito, 27*45 per ceift. ; of diamond, 
97*76 ; of compact graphite, 100 {Ikrl, Acad. Her. 1872, 516). 

Analysis. — For the valuation of ^aplilte, Wittstein ( Dingl. pot. J. eexvi. 45) re- 
commends the pr( 3 cess used by Bcrthicr for determining tho value of a substance as 
fuel. 1 gram of tho finely pulverised graphite is mixed with 25 grams of pulverised 
litharge; the mixture is introduced^ into jvn unglazed porcelain crucible, and covereA 
with 25 grams of litharge ; and thei-wholo is slowly heated between the coals. 34 parts 
of reduced lead are equivalsnt to.l part of carbon. 

To determine tho other constituents, 1 gram of the finely pulverised graphite is 
heated to low redness, and the loss of weight estimated as water, then fused with a 
mixture of sodium and potassium carbonate and a small quantity of solid potaasium 
hydroxide, whereby a complete disintegration of the insoluble constituents, such^as 
day and quartz, is obtained. The loss of carbtm consequent on the partial destruction 
of the graphite in this treatment has no essential influence on the result of the analysis, 
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inasmuch as the other constituents, as silic.*i, alumina, ferric oxide, &c., can be estimated 
by weighing, and the final loss reckoned as carbon and added to the carbon directly 
obtained. 

On the estimatim of Graphite in Cast Iron, s^o Iqon. * 

aczd. 8cc* Caubok (p. 403). 

GRE^iySTOiarE. Analyses by G. Dietrich of two groensf ones from the Adalbert 
Mine in Przibram, at lluMlepth of 1000 meters, have been published by K. Vrba 
(Jahrh. f. Min. 1870, 187): (1). Fine-grained mixture of predominant plagioclaso 
with augito, (dilorito, quartz, and iragmonts of oro. Grains of calcito are regarded by 
Vrffa aqioriginal constituents of the rock. Sp.gr. ---2-793. (2). Compact; poor in 
augito^ which is almost wholly converted into chlorite. Sp. gr. =2-8o7 : • 


PiO= 

A1“0" 

Fe=0" 

FcO 

CaO 

MgO 

K>0 

Na“0 

(70= 


58*82 

10-17 

6-05 

7-12 

10-27 

1-00 

0-68 

2-56 

1-47 - 

- 100-13 

61-50 

14-14 

• 3-65 

6-96 

808 

7-64 

1-19 

1-97 

4-96 : 

: 100-09 


The greenstone of the Terraco Mine near St. J?tephon's, Cornwall, contains scorodite, 
pharmMcosid(M'ito and olivenito in its hollows and clefts. The scorodite is mostly 
found in stellar groups of v(5ry small crystals, less frequently in rhombic pyramids of 
a bluish-green colour; tlio pharmacosiderite in small cubes and octohedrons of a deep 
grocii colour, and tlio olivenito in tabular crystals associated with scodorito (J. 11. 
Collins, Jahrh. f. Min, 1878, 868). 

On Greenstone Trachyte, see Thaciittk. 

» ' f , 

GROUIZD PEA. Arachis hypogfpa. The ash of this plant, cultivated in'* 
Virginia, has been .analysed by W. S. Brown {Chem, News, xxiv. 147). Tn 100 parts 
of the pure ash — excluding ferric oxide, regarded as an accidental impurity- - there 
wore found : 




Rotft 

Stem 

Leaves 

Husk 

S<‘ctl 

K®0 


23-(lit3 

25-902 

15-880 

37*, 395 

37*134 

Na^O 


18-816 

3-065 

2-897 * 

3-763 

3-342 

CaO 


28-130 

43-440 

53-712 

20-145 

3-749 

MgO 


8-706 

13-296 

4-844 

13-506 

14-262 

F-()» 


3-684 

1-590 

4-079 

5-062 

29-102 

HO® 


13-016 

10-613 

16-235 

17-749 

11-742 

Cl . 


1-162 

1-501 

2-533 

0-486 

0*346 

SiO‘ 


3-705 

0-933 

0-791 

2-1)03 

0*401 



1o8-261 

100-3.38 

100-671 

100-109 

100078 

Deduct 0 t;»jiiivaK>ut to Cl 

0-261 

0-378 

0-571 

0-109 

0-078 



lOO-OOO 

100-000 

100-000 

1 00-000 

100-000 


The t«ital amounts of .ash in the several parts of the dried plants were as follows: 
iniot ytem LcavRs Husk Peed 

n'830 ,13-288 . 7*747 2-586 1-818 

Oil = 47*34 per cent. Nitrogen = 3-416 per cent. 

GUAZACOE, C’H®0*. This compound is formed by the distillation of cah ium 
vanijlate (p. 291) with slaked lime : 

C«H»(0H)(0C1P)(C02H) = CO'^ + C®n«(OH)(OCH»). 

Vanillic acid. Gnaia.col. 

GVAZACXAIIK. The Resina Gnnjaci peruviana, aromatka, used in perfumery, 
has been examined by A. Kopp {Arch. Vharm, [3], ix. 192). By distillation with 
water, it yielded 4 per cent, of a yellow vokiiilo oil, having an odour recalling those 
of peppermint and lemons, and yielding by repeated fractionation a portion which 
boiled between 167° and 168°, and had tho composition C‘®11'®. By fusion witli 
potassium hydroxide, the resin yielded protocatcchuic acid, together w-ith other pro- 
ducts ; and by treatment with strong nitric acift, a nitro-compound, C“*TP*N*0’®. 
Tho resin, previously freed from the volatile oil, yielded, by dry distillation, a brown 
oil, from which, by fractionation, a deep blue oil was obtained, boiling at 286°“290°, 
and having the composition C*®II®®0. BjT distillation over sodium, this blue oil 
yielded a colourless oil having the composition C®®H". 

ffhe statement of Hadelich (ii. 947) that tho blue coloration of gm^iacum, under the 
influence of oxidising agents, is due to the guaiaconic acid contained in it, has been 
' confirmed by E. Sch&r ( VUrteljahrschrift pr. Rharm, xxii. 68). 

3x2, 
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OUASQTAJVATXTE. A sclouidc of bismuth, from (luanajuato in Mexico, first 
noticed by Castollo in 1873 {Jah'h. /. Min. 18/4, 225), ^ho regarded it as a siilpho- 
selciiido of bismuth. It was afterwards analysed by Fernandez (Sill. Am. J, [3 1, 
xiii. 319), who regarded it as ^sientf/illy a seloriido of bismuth, aiW by Ilammclsberg, 
who found it to contain 167 per cent, solonium and 65-4 bismVith, and suggested tlie 
presence of zinc (Dana's Mmeralogy. 3rd Appendix, p. 22). This mineral was more 
fully examined by Frenzel (Jahrh.f. Min. 1874, 679), wlio assigned to it tl}o composi- 
tion 241 3 per cent, selenium, G’GO sulphur, and 67 38 bismuth, leading to the formula 
2Bi“So®.Bi^*. ‘Finally it lias been analysed by J. W. Mallet (Sil^i. Am. J. [3], xv. 
294), who found, in a spocimon not quite freo from* argillaceous gangue : 

« Se S Bi A1“0» Fe*0* SiO* 11‘0 ^ '* 

*» 31*64 0*61 69‘92 • 2*53 trace 3*47 146 = 99*63.^ 

The gangue is said to consist of galapectifco (halloysite) ; and if the amount of this 
mineral present bo calculated from that of the alumina, the composition of the specimen 
analysed will be : ' 

Guanllj^atit(^ Ilalloysitc Quartz • Moisture 

92-17 6 72 0*56 0-18 =- 99-63 

and the guanajuatito in the pure state will bo found to consist of : 

Se S Bi . 

34-33 0-66 66-01 « 100 

leading to tlic formula of a sesguisdenide of bismuth, ]?i%So“, in which a small portion 
-r of the selenium is replaced by sulphfT. 

The physical characters of the mineral, as described by Frenzel, are as follows : 
Liistro metallic. Colour lead-grey. Streak highly lustrous. Mi hi. Ifardnoss ~ 
2j-3. Sp. gr. = G-25 at 21°. Occurs in compact masses having a fine-grained, 
laminar to fibrous structure; also in prismatic, crystals, probaldy orthorhombic, 
exhibiting the brachypiuacoid oo f ce, but no end-faces ; they are for the most part 
indistinctly developed, in consequenc/r of deep vefuical striation. Cleavage distinct 
paRillol to 00 P 00 . 

Before the blow-pipe the mineral filjes, gives off a strong odour of selenium, and 
colours the fiame blue. Fused with potassium iodide, it yields a fine red deposit of 
bismuth sulphiodide. 

OirAWAI«n>B,C‘NW0».-=H»0— (Nencki, Deut. Che/n. Ges. 

Ber.\x. 232). A compound formed by heating 1 paft of methyl -guanamino to 150® with 
2 parts of strong sulphuric acid : 

+ 2U-’0 = + 2NH». 

On mixing the cooled liquid with ab.solute alcohol, a bulky precipitate is thrown 
down ; and on dissolvitig this procii)ilate in water, separating tlie sulphuric acid from 
the solution, evaporating the liquid to drynes.s, and treating the residue with concen- 
trated hydrochloric acid, guanamide hydrochloride, C^N“H-’0*.IIC1, is obtained in 
needles. 

Guanamide separated from this salt is very i^Dlublo in 'water, acids, and alkalis, 
slightly soluble in alcohol, and crystallises from a hot alcoholic solution in small 
rhombic needles. By mixing the concentrated aqueous solution of the hydrochloride 
with an alcoholic solution of platinic chloride, and leaving the liquid to evaporate 
over sulphuric a/cid, the ylatinochlorhle, (C^N*IFO'MiCl)-PtGH, is obtained in yollow 
druses of concentric needles. 

Guanamide treatecl with 5 or 6 parts of nitric aciil, sp. gr. 1 *3, is oxidised, with 
violent reaction, to cyanuric acid; ^ 

+ 0 * ^ C»N»H»0> + C02 + H*0. 

Bicbloroguanamlillne, C^N^H^CFO’, is formed by tlie action of chlorine on a 
concentrated aqueous solution of guanamide ; 

+ 4C1 + H*0 = 0‘N®H'^CF0» + 2HC1, 

and separates in dazzling white au^iydrous crystals. It is insoluble in cold, slightly 
soluble in hot water, soluble also in soda-ley, and is precipitated therefrom in great 
part by hydrochloric acid. By prolonged boiling with water, and more quickly by 
heating with alkalis, or by the action of sodium-amalgam in aqueous solution, it is 
resolv^ into cyanuric acid and a body smelling like chloroform, probably 
methyl ene chloride. Dichloroguanamidine is completely decomposed at 140(b 

Trlbromognanamldlae, C^N’H^Br’O’, is produced by the action of bromine , 
on a warm aqueous solution of guanamide. It forms microscopic crystals, insoluble 
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ill water, alcohol, and ether. l?y boiling with water it is quickly resolved into 
eyauuric acid and bronioform : 

= C*N*H'‘0» + 

GUAXTAiaXWEHl, C“'21f;-’"'»Ns [n = l, 2, 3, Noncki, Deni. Chem. Oea. 

Bet. vii. 776, 1684 ; ix 228, 232, 4244). A series of bases produced by tho .'ictiou of 
heal; on the guanidine-salts of the fjitty acids. Their formation is represented by the 
gone ml ccpiation, 

(0TPN“.C»U="0=)=‘ := + 2C"IP"0-V CO* +vlNIP, 

and thmr constitution may bo represented by the formula 

The following have been obtained; 

(;iianamine,C*rPN-* = lLC*Jim 

Metliyl-guanamino, = CH*.G*Ilb\^ 

Propyl- and isopropyl-guanamine, C*iP'N® = C®HbC*H^N\ 

Butyl-guanamino, G'JI''*N* .= C‘1I®.C*H ‘N^ 

Poiityl-guanamine, G‘’H>^N'‘ = C-'11»'.C*H'N^ 

Neiicki originally represented tho giianamiiies by the general formula — 

C-II-.C»IPN= - C-H--<§nS)I:nS>NJ1’ 

’ n = 0 giving * 

11 = 1 = GIP.(’®IPN* (mcthyleiie-guananiiiie). 

11 = 3 „ C“H"N' « 0*11®.G®JPN® (propyleiie-guanamiiie). 

&c. 

The second term, G'E^N^ which was the earliest obtained, was at lirst called guan- 
amind] afterwards, w4ien its lowr homolpguo,C“H-’N*^, was ^iscover^d, tin's latter was 
named and the second term acetogunutnuine^ U> indicate their pro- 
ductimi from formate and acolate of guanidsio respectively. Subsequently the names 
wifc74^/c?ie-guaiiamino, /ir<y;3///<3«c-guanamiiie, &c., were adopted to indicate the forma- 
tion of tho several terms of tho series from tho first, by addition of GiP, 

CEP, C‘J1«, &c. 

Tho representation of the guanaminos by tho general formula C"H*“+'.C®H*N^ 
(n = 0, 1, 2, 3, &c.), or C"'''IP" bSEr‘N'’ (n = 1, 2, 3, &c.) alx)ve given, was proposed 
by Weith (2/cr. ix. 458) and> afterwards adopted by Ncncki {ibid. 1013); and in ac- 
cordance with this mode of representation, it is better to designate tho lirst term of 
the series C*ll'’N' as guaiiaminc, and the higher terms, as ^ro//y2-gnanamine, 

&c., accordingly as they are derived from the first by substitution of GH®, C®Hb 
&c., for an atom of hydrogen. 

auaiiainlne,OTI‘N»=H.C»H<N» = llC<JJ""®(”^)>NH. Formoffiumam^ 
This base is produced by the action of heat on guanidine formate : 

(Gli*N*.ClPO'0* == Ce'pN* + 4NH» + CO* + 2CO + 2H*0. 

The carlion monoxide and water result from tho decomposition of formic acid pm- 
duced in the first instance (see the general equation above given). The heat must he 
rsfised to 200°, and kept at that point as long as crystals continue to separate ; the 
liipiid is then loft to cool, and mixed with au equal volume of cold* water ; the undis- 
solvcd base taken up by hot water, and converted by addition of a concentrated solu- 
tion of oxaUc acid into t he oxalate ; and this salt is decomposed hy potash, which 
throws down the base in white rhombic needles, 

Guanamino is a weak base, easily soluble in hot water, slightly soluble in alcohol, 
separating from water in anhydrous crystals, and melting at 350°. Its salts crystal- 
lise readily. 

Methjl-gaanainlne, C^IIW = C1I®~C*H<N*. Acctoguamminc, Methylene- 
gmnamine (originally called^i^maw^ww by NencKi^. To prepare this base, dry guanidine 
acetate is submitted to fractional distillation on a sand-bath, whereupon it melts to 
a polo yellow liquid. As the temperature rises, a little water and acetic acid distil 
over, ammonia in abundance is evolved/ and the boiling liquid ultimately attains a 
temperature of 228°-230°, at which it remains constant. After being kept at this 
Ibmperature for a quarter of an hour, it is allowed to cool, and the melted mass is 
exhausted with a little hot water. A small amorphous residue is then left, while the 
greater part of the mass dissolves in the water, forming a solution which on cooling 
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solidifies to a jolly consisting of mothyl-guanamine acetate; and this, wlioii freed from 
adhering liquid by filtration and pressure, and decomposed by dilute potash or soda, 
yields the free base. The reaction is represented by the eqiiation - 

• (CH*N»Cnf^O-')3 = CiU/xN?* + 2(NII‘.C2JPO‘0 + CO=«+ 2NH» 

The water, which is likewise given oft*, results from conversion of the ammonruni 
acetate kito acetamide. 

Methyl -guauaniiijo dissolves easily in alcohol, sparingly in cold, freely ii.i fiot water, 
and crystallises therefrom, Afhen quickly cooled, in small nacreous, lam in* ; but by 
slower cooling ilfmay be obtained in large laminatccj crystals often several centimeters 
long, or in needles belonging to the orthorhombic system. The crystals contain wa^er, 
^ -whieli they give off when dried in the air. Methyl-guanamine is deslitute taste 
and smell; it is not poisonous, aftd passes through the auinvil organism j^Jmj^)st 
without alt(*ratioii. It melts at 205®, and sublimes partly without decomposition. 

Methyl-giianamiuG is a weak base, forming erystallisable compounds with acids 
an«l with salts. The hydrochloride, C'lT^NMICl + 211-0, crystalli.sosiin monoclinic prisms 
aii<l plates easily soluble in hot w’ater. The jylatmocklorj^lCf (C‘J;T’N-’)'’.2H0l.PtCl‘, is 
a yellow crystalline, precipitate, easily soluble in w’ator, sparingly in alcohol. Tho 
nit rate f crystallises in thick, anhydrous, monoclinic prisms, easily 

soluhlo in water. Tho dry salt decomposes when heated, with a slight explosion. 
Tho argentonitrate, (C^H.^5« ")“X0’Ag, is formed by mixing a warm aqueous solution of 
tho base with silver nitrate, and separates as an amorphous procipitntc*, t he greater 
part of which n.'dissolve.s wdion heated, and separates ou cooling in rhombic plates. 
Tho sulphate, ((l 'lPN®pSO‘il''' + 21PO, crysUllises from a warm acid solution in rhombic 
lamina?, very soluble in water. Thct acc/a/c, C'H^N^C-II’O*, prepared ‘by heating 
iTcetate of guanidine and rccrystallisiiig, gives off* acetic acid when dried at 100®. 

Mothyl-guaiiiimine is readily oxidised by dilute nitric acid. Witli strong nitric 
acid it forms a yellow product, which is precipitated from a dilute solution by am- 
monia in amorphous flocks. By boiling with strong egueous potash, mcthyl-guanamino 
is decompo.scd, with evolution of ammonia and formation of guanide, O‘IPN'0- 
+ H-0 — MU'*. IT^'ated wdtli strong sulphufic acid, it is converted into 
guanamidc, 2H‘-0-2NTT» (p. 000). 

Propyl-ffuaaamlnef C®ll"N^=CIf*.CH2.Cn'*.C’H*N® (Ncncki, Bent. Chem. 
Gis, B(r. ix. 228). This compound is obtoined, like the preceding, by heating 
giiaiiidino hutyrato to 230® for about an hour, exhausting the* slightly yellow fused 
mass with hot water, and treating the filtrate with strong soda-ley, w’liich throw’s 
down the base as a w'hite crystalline precipitate. Fpr purification it is converted into 
tlie hydrochloride (whereupon a highly iiiirogenised body separates in white 
flocks) ; this salt, after recrystallisation from alcohol, is ‘decomposed by soda-ley, and 
tho procipilaUd base is S(iveral times crystallised from hot 'Nvator. 

Propyl -guananiino crystallises by slow cooling or evaporation in four-sided roc- 
tAiigiilfir plates, but when thrown down quickly from a hot. solution, it sepamte.s in 
spherical crystalline groups or in hemihedrfil forms (sphenoids) witli curved faces. It 
dissolves in 53-7 parts of water at 14*5®, and in 7 parts at 100'-. It is precipitated 
from its aqueous solution by strong cau.stic soda, not by ainniOTiia either from acid or 
from neutral solutions. Jt is easily soluble in alcohgl. Hcate^ in capillary tubes, it 
bogiihs to sublime at 210"^, and at 230® volatilises for tho most part without melting, 
and leaves a slight yellow residue. It dissolves in acids, forming well-crystal li sod 
salts, easily soluldo in water and aV^ohol. Tho hydrochloride, C^IP'NMICI, foims 
brilliant rhombic prisms and lamina*, and contains molecules of water of crystij- 
lisatioii which it hjses in air. An argentonitraiv, C'’II"N'‘‘.NO“Ag, which forms fine 
crystals, may ho obtained by liealing a concentrated aqueous solution with silver 
nitrate. 

/sop ropyl-guanam ine, = Cjr(CIP)%C®IPN5, prepared, likethe preceding, 

from isobutyrate of guanidine, crystallises from aqueous solution in pointed rhombo- 
hedrons resembling calcitc, Or in prisms witli the two rhombohedrons aggregated in 
row.s, as in quartz. It dissolves in 48*6 part.s of boiling water, and in 176’7 parts of 
water at 18® ; in alcohol som(Jwhat ]os.s easily than normal propyl-guanamino. It U 
distinguished from the normal base by being thrown down by ammonia from its 
solutions in strong mineral acids. f'Urate of isopropyl-giianamine, C*H'*N®.NO®H, 
crystallise.s in small tufts of foucentric needles. The argentonilratc, C®H"N*.NO*Ag, 
is more soluble in water than that of tho normal base, and separates,- on evaporation 
over sulphuric acid, in prismatic crystals. • 

Butyl-gruanamlne, (Bandrowski, Beut. Ch&m. Ges. Ber, 

ix. 240). Prepared by heating valerate (isopropylacetato) of guanadino.* Crystal 

• At the same time an amorphous t-ody is formed, quite insoluble In water, soluble ir. soda-ley and 
in the stronger mineral acids, and prec{pitatcil by organic acids. 
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lises ill shining wliito rhombic needles, which sublime at 100'', melt at 172°-17&'>, and 
resolidify at 127°. It dissolves somewhat sparingly in cold water, more easily in hot 
water, very easily in alcohol and other. The crystals are anhydrous. 

13utyl-guanai||iiio is a very weak base, 'fho acetate, which crystalliso,s in tufts 
of slwider needlos, decomposes even on oxposurft^ to tlnj air. Tlio hydrochloride, 
C'I1‘®NMIC1, separates from -highly concentrated solutions in well-defined shining 
needle^ very soluble in water. The mlphate, crystal lisfW in small 

shining T^iminro. The aryentonilrate.^ C'll'^N®.N()“Ag, obtained by warming and 
filtering an arjueoiis solution of its components, cryslalliscs in delicate, glistening, 
sparingly soluble needles, wliicV turn brown when exposed to light*. 

• The base treated with strong sulphuric acid was converted into a b uty 1-guana - 

^ V" /"Ifl 

mjjde, = qq/NU, ox^disablc by nitric acid to cyanuric au?l 

(probably together with hutyl-isonitril). 

• Pentyl-guaiiamine, — G'dP'.CTl'N"’ (Amylcm-guaniimine), is prepared 

from the guanidine salt of normal caproic acid, and may bo obtained pure by prccipi- 
tiitiou from the hydrochloride. It forms slfining, microscopic, quadratic pyramids, 
melts at 177^“178°, and resolidifies at about 144°. The crysUils are anhydrous, very 
slightly soluble in water, easily in alcohol. The hydrochloride ciystallisea in flat 
well-defined needles. 

G-ITAXrZDE (l)i-), 8eo Thiodiotandiamines. 

GUAXrZDXXrE, == HNr-Oc^^rJIl Formation and Preparation. — 1. 15y 

the action of heat on am moniuni thiocya*natc. When tliis salt is heated iii^aii 
oil-bath bo about 220°, ammonia and carljon disulphide are given off, and crystals of 
ammonium trilhiocarbonato (Zeise’s^salt) sublimo in consoqucnc(! of a secondary 
decomposition. 

Tho main reaction consists? first in the conversion of the ammoiiiimi thiocyanate 
into tho isomeric compound, j^hiocarbamido (sulphurca), and secondly in tho resolution 
of this compound into guanidine, ammonia* and carbon Jiisuli^hide, according to the 
following equation : 

30S(NH«)'' « OS'^ 4 2NH3 + HN=C(NII*)'-.CNSH. 

Tho residue in the flask consists chiefly of guanidine thiocyanate, contaminated 
only with small quantities of, ammonium thiocyanate and thiocarbamido ; and from 
this salt the other salts of guanidino may bo obtained by double decomposition 
(Delitscb, J. pr. Chem. [2]! viii. 240 ; ix. 1). 

According to Volhartl {J. y/r. Ckcm. [2], ix. 10), tho conversion of ammonium 
thiocyanate into guanidine does not require a temperature higher than 170°, and at 
this comparatively low temperature tho reaction appears to take place without forma- 
tion of secoudary products; it is necessary, however, to continue tho heat for 100- 
120 hours ; at about 180°-i90°, tho same result is obtained in 20 hours. Tho residue 
in both cases consists mainly of guanidine thiocyanate, the yield being very satisfac- 
tory, and no gaseoui product (;jiich as CS-, &e.) being given oft'. Volhard reganls the 
reaction as consisting, first, in the transformation of the ammonium thiocyauato into 
thiocarbamido, and secondly in tho conversion of this compound, by loss of into 
cyanamido, which, at tho moment of its formgJLion, unites with ammonium thiocyanate 
.to form thioeynnate of guanidine: CN-H-h- CNS.N 1I^=CN*HMICNIS. Tho forma- 
tion of Zoiso’s salt is duo to the combination of H*8 separated frpm tho thiocarbamido 
witli another portion of tho ammonium thiocyanate. 

Gtianidine Thiocyanate purified by crystallisation from water or alcohol fbrms 
largo flexHilo laminae having a peculiar fatty lustre ; easily soluble in water and in 
alcohol; melting at 118° ; decomposing above 150° with evolution of ammonia, and 
leaving a residue of mclam (Delitsch). 

Guanidine Carbonate is obtained by mixing a solution of tho thiocyana^tei with 
potassium carbonate (58 parts to 100 parts of the thiocyanate), evaporating 

down, and dissolving out tho potassium thiocyanate with alcohol. Guanidino car- 
bonate then remains, and may bo freed from j^hcring potassium salt by rccrystallisa- 
tion from water (Volhard). It crystallises in trapcz-Jiemihedral forms of the tetra- 
gonal systeid^ and possesses the power of circular polarisation. The sulphate crystal- 
lises in the regular, the lactate in the t-tthorhombic system (Bodewig). > 

Guanidine carbonate heated to 100° with hensow anhydrHe yields dibenzoyl- 
^ carbamide or carbonyl-dibonzamide,CON*H*(C^H*0)*, identical withthatwhich 
E. Schmidt obtained from benzamide and liquid phosgene (27 m? Suppl, 263). It crys- 
taUisos from alcohol in splendid needles, melts at 210°, and is resolved by prolonged 
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boiling with hydrocliloric acid into bcnEoic acid and ammonia (D. McCreath, Dcut, 
Chem. Ges. licr. vii. 1739). 

(Juaiiidino carbonate fused with urea is converted into dicyano-diaiiiidine, 
CWN«0/p. 000). . 

When guaiiidino hydrochlori(?(f is iicatod with sarcosine^ or,\iniou its alcoholic 
solution is boiled witli sarcosino, the two bodies iinitoc directly, forming a conipound 
■which dissfslves easily in alcohol, and separates therefrom in line fcibular crysbils. It 
is, Iiowever, somewliat unstable, being easily resolved into its components itnflor the 
iulluence of platinic chloride, mercuric oxide, &c. (M. Baumann, Dcut. (^hem. Ges. Bcr. 
vii. 1151). • , 

• A periodido of guanidine, ClbW.HLP, crystallising in prisms having the- 
e^)lonr of iodine, is obtained by the action of iodine dissolved in hydriodic aefa on 
giiaiiidiiw carbonate. The corresjxiftding bromino-coinpouiKh Cir’NMlBr.Br-^ 
appears to be produced by the action of bromine (3 mols.) on guanidine carbonate 
(1 mol.) It forms large rod prisms which readily lose bromine (Kamenski, ibid. xi. 619). 

fl 

SnnsTiTUTKi) Guanidixes. , 

«. 

Bromogruanldlne, CU^BrN®, is obtained by acting on guanidine carbonate 
(1 mol.) with bromine (1 mol.) and treating the product with water. It crystallises 
in small yellow needles, very slightly soluble in water and in ether, easily soluble in 
alcohol. Heated in a capillary tube it detonates at a few degrees tibove 100° 
(Kamenski, he. cit.) 

Clilorog^uanidlne, prepared in like manner, crystallises in the same 

form as the bromine-compound, but is lighter in colour and more stable ftian the 
latter, not detonating till it is heated to 147°. 

Wltrosoffuantdlne, ClP(NO)N®, is obtaippd by dissolving nitrate of guanidine 
in excess of nitrous and fuming nitric acid. After the solution has stood fur twenty- 
four hours, it is poured into an excess of cold water, vi^ereupon the nitrosoguaniiline 
is precipitated in colourless, flexible, nc<^'dlc-shaped crystals, soluble in hot water 
and in boiling alcohol, insoluble in ether and chloroform. Submitted to a gradually 
increasing temperature, nitrosogiianidiiio lo.';^\s ammonia at 229°, the crystals becom- 
ing opaque without change of form. At higher temperatiivus cyanogen-compounds 
are given off, and a stable yellow siibsUxnce remains, wliich is probably hydromellono 
(Jousscl 3 ’n, Cornj)t, rend. Ixxxv. 518). 

lIKetlijl-gruaiiidine, 01[‘(CH=*)N*, is foniicd by the action of cyanamide on 
mothylainino hydrochloride, or of methyl-cyanamide* on ammonium chloride {2nd 
Suppl. 582). '• 

Bthyl-ffuanldine, 0 IP(C‘M''‘)N*. The hydrhxlido of this l)aso, obtained by the 
action of iodine on an alcoholic, solution of thiocarbamiilc, crystallises from water in 
small needles which melt and decompose at 119°. The sulphate contains U mol. 
water, is easily soluble in water, sparingly in alcohol; melts and decomposes at 169° 
(A. Lotuii, Dcul. Cheni. Ges. Bar. viii. 767). 

Phenyl-, Tolyl-, and Xylyl-gu(inidine8A 

Blptaenyl-g^anldine, C'^II’^N® = CH*(C®H*)*N*. M^landine. 

FoTToation. — 1. By the action of cyanogen chloride or bromide on aiiliydrous 
aniline. This is the process by which melanilinc* was lirst prepared by Hofmann, 
(iv. 461). According. to Weith a. Ebert Ges. Bcr. viii. 912), diphenyl- 

guanidine (m. p. 147°) is produced by passing gaseous cyanogen chIori»io through 
cooled aniline ; but if the aniline bo heated to its boiling point, the product consists 
of tetraphenylmolamiiie, C®H*(C“H®)W (m. p. 217°). “ 

2. By the action of lead oxide on a solution of diphenyl-thiocarbamide in alcoholic 
ammonia (Hofmann, Ber. ii. 4^2) : 

CSN2JP(C«H*)'' + NH* + PbO - CH»(C®H®y^N» -f PbS + H*0. 

3. By boiling an alcoholic solution of phenyl-thiocarbainide with mercuri-phenyl- 

ammonium chloride (precipitated on ^fixing the boiling solutions of aniline and 
mercuric chloride) as long as mercuric sulphide continues to be formed, and evaporat- 
ing the alcoholic filtrate (C. Forster, Ber. vii. 294) : * 

CSN*H»(C«H*) + N(0«H»)HgHCl = CH«(C«H‘)2N» HCl + HgS. 

4. Together with phenyl-carbamide, by the action of aniline on mercuric fulminate, 

C*N*02Hg -f = CH»(C«H»)*N* + CH*(C‘*fP)N20 + HgO. 
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Dry mercuric fulminate is Tiolently attacked by aniline, the mass being thrown out 
of the vessel and sometimes taking fire ; but the action may bo moderated by work- 
ing with 100 grams of the fulminate, not dried but freed from the greater part of iis 
moisture by pressure, and 100 grams of aniline (1 mol. fulminato to 3 moVj. aniliiu*) 
diluted with an cqi^l volume of alcohol. The mi\*tiiro becomes hot in about half-an- 
hour, Ind must then be cooled by placing the vessel in cold water, and frequently 
stirred. The product, consisting of mercury and a mass very much like *amorphous 
pliosplAius, is repeatedly exhausted with warm water contfiining hydrochloric acid ; 
and tlio filt.ere(l solution, which contains pheny 1-car bjlmido and a mercury-compound 
of diphenyl-guanidine, is treatcti with ammonia to decompose the latter and precipitate 
^.he uierc\iry ; thtm acidulated with hydrochloric acid, and evaporated to the crysfcillis' 
iijg i^int. Phcnyl-carbamide then separates in needles (m. p. 149°), and the motlicv 
Ji{pjors contain diphenyl-guanidine (m. p. 145*^) (A, Steiner, Bcr. vii. 1244; viii. 
618). 

6. I5y combination of ammonia wdth carbodiphenyliraido (Woitli, Bcr, vii. 10) ; 
C(N.C«H‘‘)2 -H NH* .= HN— 

Covstituiion and licaclions. — Diphcnyl-giianidino is susceptible of three modifica- 
tions, represented by the following formulae : 



(2) (3) 


(bily one, of these is however actually knowji. The diplnuiyl-guanidino (melaniline) 
which Uofmann obtained by the action of cyanogen chloride on aniline was found by 
him to melt at about 130°, whereas that which he afterwards obtained by the action 
of lead oxide on a solution of diphenyl-tUiocarl)amido in alcoholic ammonia melted 
at 147°. These two bases w'ere, therefore, regarded by Hofmann as isomeric, the 
latter being designated as a-, flie former as iS-dipIienyl-gminidino. 

It lias, however, been slv>wn by AVeij^h a. Schroeder (i?fr.^vii. 937), that the 
diphenyl-guanidines obtained by the two processes above mentioned are identical in 
every respect, both melting at 147°, auj exhibiting equal degrees of solubility in 
w'ator and in alcohol ; moreover tln^y both react in the same manner with carbon 
disulphide, yielding thiocyanic acid and diphenyl-thiocarbamido (thiocarbaiiilide) : 

CH3(C«H»)-’N» + (OS)S = CSNir -f CSH2(0«H®)2N« 

I'w'o byc-products are also formed in this rca.ction, viz. a small quantity of phenyl- 
thiocarbiniido, CS=;N — and a sulphuretted compound, not further examined, 
wliich crystallises in colourless needles melting at 152°-153°. 

These results are corroborated by Hofmann in a more recent communication 
{Bar. vii. 947), in which ho states that the so-called ^-diphenyl-guanidine, or mela- 
nilinc, obtained by the action of cyanogen chloride on aniline, has the same melting 
])oint as that prepared from diphcnyl-tliiocarbamidc, viz. 147°. Ho still, however, 
thinks it not impossible that, under certain conditions, an isomeric diphenyl-guanidine 
may bo prorlucod from cyanogen chloride and aniline: since a small quantity of 
melanin no proptircd In that way some years ago was found to retain the lower molting 
point (131°) which it originally exhibited, even after recrystallisation from alcohol, 
and after conversion into platinum salt and reconversion into tlie base. 

Of the three possible formulae for diphen)’?-guanidiiie above given, the tliird is the 
4ea6t probable as a representative of the base actually known, since none of the de- 
composition-products of this body containing more than one atdm of nitrogen appear 
to contain two phenyl-groups attached to the same nitrogen-atom. Further evidence 
against thi^ formula is afforded by the fact that no diphenylamine is produced by 
heating diphenyl-guanidine prepared in either way, with hydrochloric acid. The 
reaction of diphenyl-guanidine with carbon disulphide affords an argument in favour 
of the first, or symmetrical formula of the base, as it takes place in the manner 
represented by the equation : 

HN=c<^=gH;j + CS.S ycsm + CS<JJggH*) 

If diphenyl-guanidine had the constitution represenlKd by the second formula, the 
reaction with carbon disulphide should yield phenyl-thiocarbimide and motiophenyl- 
thiocarbamide : thus . * 


* + CS.S = CS=N.O«H* + 

As, however, a small quantity of phenyl-thiocarbimide was actually found among the 
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products, it is possible that the symmidrical diphenyl-guanidine may have been 
accompanied by a small amount of tlio second modification. 

Diphenyl-guaiiidino heated for several hours to 170^-180° gives off ammonia and 
aniline, and leaves a resinous cake consisting of tctraphenyl-melamine(Hufmaiui, 
vii. 1736) : «'* • # , 

• 

I. 3CII»(C‘*H")2N« = C»H-(C«H^)*N« + 2C«II»NH2 -i- NH». ^ 


Biphenyl-guanidine heated tw-ith acetic anhydndc to 100° yields ;nonophenyl- 
acotyl-carbamido, CH“(C“H^)(C‘'H®0)N"0, in needles melting at 183°. If the 
<ieat be raised to 150°, carbon dioxide is evolved and acetyl-diphenyl -carbaniid(» 

8 H(C'*H')-(C-n“0)N20, is obtained, crystallising in needles which molt at*’ll5° 
McQreath, viii. 1181). • • i 

Binitro-diphcnyl-guanidinc^ C**H”(NO-)'''N®, is produced by desulphuration 
of dinitro-thiocarbanilido with lead oxide in presence of ammonia ; it may bo ex- 
tracted from tlio resinous product by hydrochloric acid. It is ficarly insoluble iu 
water, but dissolves in alcohol and in ether, and crysLallucs from alcohol in small 
yellow shining laminae melting at 100° (Jlriickner, Bcr. vii. 1234). 

Ethyl-diphenyl-guanidiiie, is formed (often together 


wn'th a-triphenyl-guanidine), by addition of aniline to carbcthyl-phenyliiuid(!, 
desulphurising a solution of cthyl-phenyl-thiocarbamide in 


boiling benzene with pulverised lead oxide). It forms a hydroi.-hloride crystallising 
in needles, and a yellow platinochloridd: It is decomposed by potassium fiydroxido 
infti carbon dioxide, aniline, and ethylaraino (Woith, Bcr. viii. 1530). 

Dihcnsoyl-diplienyl-gunnidine^ C1I(C{H*)"(C"H*0)-N*, obtained by healing 
benzoic anhydride (1 mol.) and diphenyl-guanidine (1 mol.) to 100°, forms monoclinic 
crystals melting at 102° (McCrcath, ibid, 383). 


Trlptieiiyl-gra«,iildln«, =‘aH*(CW)»N^ 

the three following modifications : 

(C.H.)N=C<™gH5 


This compoiiiid admit s ot 


but only the first two arc at present known. « 

The a-modification is produced by the following reactions : 

1. 15y the action of mereuri-plienyl-ammonium chloride on diplienyl-thiocarbamide 
(C. Forster, Ber. vii. 294): 

CSCNH.C-IB)* + (C«H')NHg.UCl - (C«H^)Ni^C(NlI.C'»Ib’^)’^ + HCl + ITgS. 


2. From phenyl-isocyanochlorido and aniline (Sell a. Zierold, Btr. vii. 1228) : 

(C«H^)NCCP + 2(C«H^NH'0 = (C«H»)N::i-C(NlT.C«II-*)2 + 2HC1. 

r • 

3. From aniline and carbodiphonylimide, by direct combination : 

+ C«H®.NJI* - C'»H^N-C(NH.C«H-')". 

The hydrochloride of carbodiphenylimide may be used in tho reaction; also the 
polymeric modificatioh (m. p. 168°-170°), (Woitli, Ber. vii. ]0). 

4. By the action of aniline on carbcthyl-phenylimido : 

(C?H‘)N=C=:N(C*H‘) + 2(C*ll.)NH“ = (C«lI*)N=rC(NII.C“H')= H- 

The chief product of this reaction, however, is ethyl-diphcnyl-guanidine, as already 
explained (supra). 

6. Together with phenyl-thiocarbiraido, by heating carbodiphenylimide with 
diphenyl-thiocarbamido : 

(C*H»)N~C--N(C«H») + CS(NH.C«H^)» = (C«H“)Ni:zCS + C'»H^V=:C(NH.C"Ha)*. 

The adiion takes place at 100°, but becomes more energetic at 150°, and is still more 
quickly completed when a solution of carbediphenylimide (1 mol.) in bonzotie is 
mixed with diphenyl-thiocarbaraide (1 mol.) and hydrochloric acid (1 mol.) or 
hydriodic acid dissolved in alcohol, and the mixture is heated for a few minutes on 
the water-bath (p. 402), (Weith, Bcr, ix. 810). 

6. Small quantities of a-triphenyl-guauidine and benzonitril arc produced, together 
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with plionyl isocyanate, by heating diphenyl-carbamide for four or five hours with 
phosphorus tricliloridc. The actitni appears to consist in the abstraction of Avalcr 
from the diphenyl -earbamido, and proiluclion of carbodiplnoiyliinidc, wdiich latter 
acts upon anotiicr portion of the diplienyl-ciarbamide, producing phenyl i&bcyanato and 
a-ltjphenyl-guaDidiiio (Weith, Loc. cit.)'. •' 

CO(NH.C«iI7- n-O + C(NC"H'‘)-; • 

and' 'C(N0“IC)'‘ + CO(NII.C«ll'‘)= - CONC»H>, + {C“ff)N-C(Ni£.C«II‘)-. 

a-Tripheiiyl-giianidino crystallises from hot watijr, on cooling, in wliito needles 
molting at 143'’ (l.s^ Siippl. GoG). It begins to boil below 200°, and is dccomposi d 
b^t distillation, Jinilinc, passing over at first, mixed afterwards with a-triphcvyl- 
gjianidino, whilst the last portions of the •distillate consist of almost jmro carbo- 
di[)henylimide (m. p. 330'’-331° corr.) The decomposition of o-tripheiiyi-guaiiidine 
is therefore represented by the equation 

' ciP(c«ir^)“N" - c«mNii2 + c(NC«Jp)'-. 

Th(i carbodiphcnylimia’c and aniline, how^LJver, recombine as the temperature of the 
distillate becomes lower, reproducing the triphen)'] -guanidine, so that the process is 
ono of dissociation, like that which takes place in sal-ammoniac when heated (Weith, 
Ikr. vli. 1303). 

The hydrochloride of o-tri phenyl -guanidino melts at 241°-242'’, and sublimes at a 
lower lemporaturo in white slender needles (AVcith, 7^'r. vii. 810). The hydrochloride 
of llie triphonyl-guanidino wliich Sell a. /ierold obtained (p. DOG) by the action of 
pheiiyl-isocyauochloridc on aniline, is dc'sofibcd as crystallising from aqueous alcohol 
in small white laminm melting at 207°. This would seem to show that tlie base of 
this salt is another moditicalioii of tviplicnyl-guunidino, and so in fact it is regarded 
by Sell a. Zierold ; but its constitaition, as iftdiciited by its motlc of formation, is 
clearly that of o-tripheuyl-jguanidinc : hoiico there must either bo an error in the 
dcterniination of the molting point of the hydrochloride, or <‘ls 0 the base, at the 
moment of its formation, must liavo undergone an atomic transposition. 


^-Trifheiiyl- guanidine^ heating cyanilido 

(iv. 441) with diphonylamino hydrochloride, the heat being gradually raised during 
two lioiirs to 1 2«'5° : 


C*H‘NH.CN + NH{C«ff)= = 


It crysbilliscs in large, cciourless, strongly refracting, isometric tablets, nearly insoluble 
in water, easily soluble in alcohol and ether, less easily in benzene and ligroi'n ; melting 
at 131°. The cry.stallises with 1 mol. water in colourless thick tables 

or prisms ; 1 00 parts of water at 23° dissolve 28*4 parts of this salt. The platino- 
chloridc is at first a light yellow tlocculcnt precipitate, which afterwards becomes 
darker and crystalline. 

The colourle.ss solution of the base in strong sulphuric acid acquires a splendid 
violet colour when heated. In a solution containing per cent, of the base, chlorine- 
water produces a eiistinct deposition of white flocks. The base heated to 260° wit h 
concentrated hydrochloric add or 'potassium hydroxide^ is resolved, after assumption of 
the elements of water, into carbon dioxide, ammonia, aniline, and diphenylamine : 


+ 2H=0 = CO= + NH> + NH»(qjH») + Nn(C''n‘r.: 

When the base is heated to 150°-160° for several hours with carhon disu\ 
hydrogen^ sulphide is given off, and )3-triphcnyl-guanidine thiocyanate 
together with plienyl-thiocarbimido and diphenylamine : .^^3 . 

(Weith a. Schroder, Ber. viii. 912). S 

Trichloroplmyl-guanidim, CH*(G®H^C1)®N*, is produced, together 


phenyl-thiocarbimide, (C®H^C1)NCS, chlcfl^nilino, clilorophenyl-carbamid^ 
sulphur-compound crystallising in needles meltings at 102°-103°, by th^L. 
iodine on an alcoholic solution of cblorophenyl-thiocnrbamide, CS(NH.C®H*" , 
crystallises from solution in carbon* disulphide, in large crystals easily solu^^ l 
alcohol and ether, melting at ll.'>°-120° (Beilstoin a. Kurbatow, Ber. vii. 730). 

Biacctyl^triphenyl^iuinidinet C(C‘*H*0)*(C®H*)®N*, is prepared by heating 
phenyl-guanidine [? o] and acetic anhydride in molecular proportions to 100° 
several hours ; and dioenzoyl-triphenyl-guanidinef 0(0^H*0)®(C®H®)®N*, in like mann^; 
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with bonzoic auliydrido. Both crystallise in laniinjo ; the acetyl 'derivative melting 
at 131°, the bonzoyl-derivativo at 185° (McCrcatli, Bcr. viii. 383). 


Tetrapbenyl-g^aanidinei CH(C*1P)*N* (Weith, B&r, vii. 843). Of this coni- 
pounfl there* are two possible modificfitioift, viz. : • 

Symmotrical _ Unsynmctrlcjd ^ 




1H5)2 

.N(C«H0“ 




but only the first is sjctually known. '• 

«. Tctraphenyl -guanidine is produced, together with a pjlynicrie diphcnyl-cyaiianiidc, 
>j[ CN.N(0®H-’)‘“], by the action of gaseous cyanogen chloride on fused diplieriylainine^ I f 
a %ery strong heat bo applied, tlie pi*oduct consists mainly of tlie polymeric diphonyl- 
cyanamid?. To prepare tetraphcnyl-giuinidinc, dipheuylaniine is lujatVd in an oil-barti 
to 150°-170°,smd a vstream of pure cyanogen chloride is passed into it for a few hours. 
The product is dissolved in alcohol, and the solution, acidulated with hydrochloric 
acid, is poured into a large quantity of water, whereby unal I ered diphcnylamino is 
removed and the hydroclilorido of totraphenyl-guanidine pjcoducod; the filtrate is 
evaporated to a small bulk, and the oily layer of hydrochloride which separates and 
crystallises on cooling is tlecomposcd by soda and recrystallised from ligro’in. 

Tetrapbenyl-guanidin<i is insoluble in water, easily soluble in alcohol, ether, and 
benzene, and forms pyramidal crystals, sometimes modified, according to Kenngott, 
by longitudinal and transverse faces. It melts at 130°-131°. 

The salts of tetraphcnyl-guanidino are for the most part sparingly soluble in 
water, and all crystallise well. The /lydrochfoHde in easily soiiiblo and crystallises 
•n tiblets (probably rhombic) contJiining\5H“0, and efflorescing on exposure to the 
air. Its solution is neutral, and gives with ferric chloride a rusty-browii precipitjito 
which, after some time, changes into large yellow hexagonal plates of an iron doiihlc 
mil. The platinochloridc is obtained as a light yellow precipitntc which dissolves in 
boiling alcoliol, and ciysbillisos therefrom in shining lanuna;. The nitrate crystallises 
from boiling wati'r in tufts of long ncicdlcs having a satiny lustre. The mlphateicinwH 
slender needles very slightly Soluble in wafer. The hydriodide ciystallises from Iiot 
water in long colourless needles. The chlorate is a precipitate composed of slender 
noodles, and so sparingly soluble that it is thrown down by potassium chlorate from 
1 per cent, solutions of guanidine salts. Strong sulphuric acid, even in the cold, 
colours it a fine brick-red, changing first to violet and then to to blue. 

Potassium chromate produces in solutions of tctrajihenyl -guanidine salts, a liglit 
ycllow amorphous precipitate. Chlorinc-waicr and chloride of lime produce in the 
solution of the h 3 \lpochloridc, thick wliito precipitates. Strong sulphuric avid dissolves 
the pure base without colour at ordinary tc’mperatiires, but tne solution, when heated, 
becomes violet red. Carbon disulphide does not act upon the base even at 180°. 

Action of Potash. — Wli(?n the hydrochloride of tet.raphenyl-guanidinc is heated to 
200° with solid potasli, it is decomposed, giving olF ammonia and dipheiiylamine ; and 
when the salt is heated witli Jiydrochloric acid in sealed tubes to 330°-310°, the same 
products arc obtained, together with carbon dioxide, which in the former case unites 
with the potash. The reaction in both cases may be represented by the equation : 


HX=C[N(C*H=^)=P + 2H=0 = 2HN(C'Hs)« + NH» '+ CO=. 

No aniline is produced in cither case : hence the tetrapheiiyl-giianidine must have tlu- 
constitution represented by the symmotfical formula above given ; urisymnielrical 
tetraphenyl-guanidine would yield mono- as well as cfi-phcnyl amine. 

The formation of tetraphenyl-guanidine by the action of cyanogen chloride on 
diphenylamine may be represented by the following equations : 


CNCl + NH(C®H^)-’ - HCl -f- N(C»IP)*(CN) ; 
»nd N(C*H»)»CN + NH(C«H‘)= = 


The polymeric diphenyl-cyaiiamide,«C*®lP®N*-=w[CN.N(C“iiy], formed in 
large quantity, together with only a small quantity of tetraphenyl-guanidine, by the 
action of cyanogen chloride on diphenylamine at a very high temperature (250°), may 
easily be obtained pure and colourless ^Vy crystallisation from* alcohol. It differs 
essentially in its properties and, reactions from the metamcric compound, carbodi- 
phenylimido, (C®ll*)N:::zC— N(C®H®) (p. 401). It crystallises in shining acute 
rhombohedrons, melts at 292°, is insoluble in water, and is dissolved only in traces by 
alcohol, ether, benzene, &c. It is somewhat soluble in hot oil of turpentine, and 
crystallises therefrom in colourless laminae. At a very high temperature it partly 
distils unaltered, and is partly resolved into benzonitril, carbon, &c. Heated witli 
strong sulphuric acid, it dissolves with splendid violet colour (the reaction exhibited 
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by the sulpho-acids of diphenylamino). Heated to 250° in sealed tubes with hydro- 
chloric acid, it is resolved into carbon dioxide, ammonia, and diphenylamiiie ; and the 
same result is obtained by heating it very strongly with potassium hydroxide. Hence 
it follows thal» in each of the groups formijig the polymeric diphenyl-cy^-namide, the 
tw(^ phenyl-groups must l)e attached to the shine atom of nitrogen, the reactions 
above-mentioned taking placo as sliown by the equation : 

' CN.N(C«H*)2 + 2THO = NH(C«H5)« + CO* + NH>.' 

Carbodiphenylimido, on the other hand, which has only one phenyl-group attached 
to each nitrogen atom, yields by similar treatment nothing but carbon dioxide and 
aniline. 

Thfit the diphcnyl-cyanamidft obtained by the action of cyanogen chloride^ on 
\liphenylaminei‘is really a polymoride, and, hccording to all analogy, that 

is to say, porphonyl-molaminc, is shown by its behaviour with aniline and di- 
phonylamine, on which it does not exert the slightest action, wdiereas the simple 
diphonyl-cyanamide, would form tri- and totiiiphonyl-guanidine respectively. 

The polymeric diphcnyl-cyanainide is not converted into the simple cyanamide by dis- 
tillation. Dehydrated tetraphenyl-guanifline hydrochloride, heated to 280°-300° in 
sealed tubes for four or five hours, is resolved into diphenylamine hydrochloride and 
the polymeric diphenyl-cyanamidc : hence the occurrence of the latter in the prepara- 
tion of-tetraphenyl-guanidine. 

Pbonyl-tolyl-eruanldine, CU*(C®H*)(C®H^CU®)N®. The hydrochloride of this 
base is formed, together with small quantities of phoiiyl-thiocarbimido and paratolyl- 
thio(\.rbimido, when a mixture of dipar^tolyl-thiocarhamido, hydrochloric acid, and 
earbodipheriylimido is heated with alcohol to the boiling point for about an hoi’^- 
(Weith, Ser. ix. 810). 

Sltolyl-Kuaiiiaine, = CU»(0*H‘.GH»)=N> or NH=C<^^2(CW,CH*)- 

Mefolfndbic . — This base, homologous with diphenyl-guanidine or mclaniline, was first 
obtained by W. Wilson (Clff-m. Soa. 1850, 154), who prepared it bypassing 

cyanogen chloride over toliiidine spread in a thin layer over the surface of a bent 
glass tube. The product thus obtained is a resinous mass consisting almost entirely 
of the hydrochloride of ditolyl-guanidino, from which the base may bo obtained by 
dissolving the mass in very dilute hydrochloric acid, and precipitating the filtrate 
with potash. J^’or purification, the precipitate is boiled for some time to expel 
unaltered toluidine, then Avashed, and crystallised from aqueous alcohol. It is also 
produced, similarly to diphenyl-guanidine (p. 904), by dcsulpliuration of ditolyl-thio- 
carbamide in presence nf ammonia (Hofmann, Ber. vii. 1736). It is sparingly soluble 
in cold, more easily in hot water, and crystallises in laminae (Wilson) ; in slender needles 
melting at 168° (Hofmaiin). Wlieii heated, it behaves like diphenyl-guanidine, 
giving off ammonia, and leaving tetratolyl-mclaini ne, in the form of a resinous 
mass w'liich slowly acquires a crystalline structure and forms a hydrochloride crystal- 
lising in concentric groups of slender needles. 

Trltolyl-guanldlne, = CIP(C^H’)®N*, is formed by heating monopara- 

toly] -carbamide J^vith paratpluitline and phosphorus trichloride (Woith, Ber. ix. 820). 

Dizylyl-iruaiiidlne, C”H*'N*= OH*(C'*H®)-N*, is readily formed by desulphuris- 
ing dixylyl-thiocarbamide with lead oxide in presence f)f alcoholic iimmonia.^ It 
crystallises in white slender p(?edles, quite insoluble in water, and melting at 156°- 
158°. Its salts crystallise remarkably w'ell (Hofmann, Ber. ix. 1292). 

A trixylyUguanidim, CH*(C'*H®)®N’, is formed by desulphurising an alcoholic 
solution of xylyl-thiocarhamide with load oxide in presence of xylidino (Hofmann). 

« Cyanoguanidines and Oxalylgxtanidines 

(Landgrebe, Ber. x. 1687). 

Bloyanodlpbenyl-ffuaiildlne, C**H”N*, is identical with dicyanmelanilino, 
the compound which Hofmann obtained by passing cyanogen gas into, a saturated 
solution of melaniliiic (diphenyl-guanidine) in cold alcohol (iv. 465). 

Dlcyanodltolyl-eraaitldlne, is fornicd in like manner by passing 

cyanogen into an ethereal solution of dilolyl-^\jinidiuo, the liquid solidifying to a 
piilp of long needles. It is sptaringly soluble in water, more easily in ether and in 
alcohol; the alcoholic solution turns brown and decomposes at about 60°. From 
ether the base separates in well-defined limpid prisms, which begin to docompa^e at 
70°-80°, and are conA’^erted into a brown resin at 160°. The alcoholic solution forms 
white precipitates with silver nitrate and mcrctmc cMoride. With acids, dicyanodi- 
tolyl-guanidine reacts exactly like the corresfwnding phenyl-compound, 
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Dltolylozalyl-g^uanldlne or Cyandltolyl-oxamide, homologous 

with melanoximide or cyanodiphonyl-oxamide (iv. 280), is formed, like tho latter, by 
the action of dilute acids on dicyanoditolyl-guanidiiie : 

^ + 2H*0 - + 2Nm 

It is insoluble in water, slightly soluble in cold alcohol 5nd ether ; crystallises from 
hot alcohol in colourless needles often grouped in rosettes; melts at 188*o“. By adds 
and alkalis it is resolved into oxalic acid and ditolyl -guanidine. Heated with aniline, 
it forms, with evolution of ammonia, a bajse, C^H“*N“()‘*, the hydroeliloridc of which 
crystallises from aleoRol in small needles. ' 

^ Ditolyloxalyl-guanidine and dicyanoditolyl-guanidinc, treated in boiling alcoholic 
solvtion with a dilute acid, are converted intoditoly l-parabanic acid, 0*’H*‘NW 
homologous with diphenyl-parabanie acid (iv. 340) : 


+ 3;ir-() - c*’H“N“0» + snji^, 
and C”n'^N'’0- + H-0 C‘"H»N-0* -H NH^ 


n 

Ditolyl-parabanic acid is most easily produced from the oxalyl-compound, but 
resinous products are always formed at tho &amc time. It crystallises in nacreous 
laminse melting at 144®, easily soluble in benzene and in iilcoliol, sparingly in ether, 
onrbon disulphide, and glacial acetic acid. AVith acids and alkalis it reacts like 
diphenyl-parabanie acid (iv. 340). 

The compounds just described maybe represented by tho following formulae, in 
which R stands for C®H*, C’H^ &c. 


Cyjuio- 

' guanidines 

.NR^C(NH) 
HN— C< I 

\nR— C(NH) 


(Wyl- 

gUJinidinea 

.NK -CO 
HNr-“C< I 
\XR-CO 


Substituted 
pnrabanic acids 

/NR-CO 

0:=(< I 
\nr— CO 


/S-Btoyanotrlphenyl-ffii/inidlne, 


The hydrochloride of this base, C-'II*^V^HCI + 3H‘0, is obtained by heating tho 
mixed solutions of dicyan odipbenyl-guanidine and aniline hydrochloride, then adding 
water, and ciystallising the resulting prccipiUito several limes from hot alcohol. It 
forms yellow-b^o^vn needles, which give off tlieir water Jiiid turn red at 140°, and 
deeomposo at 250®. The Jree base, C^^H'^N.l.JTPO, may bo®|)repared by dissolving 
the hydrochloride in hot alcohol containing ammonia, heating the liquid for some 
time, and Jiddiug -water ; it then separates as an amorphous precipitate which soon 
becomes crystalline. Hy repeated crystiillisalion from alcohol it is obtained in dark 
brown needles with violet iridc.sconce, whicli give off their water of crystallisation at 
120°, and melt at 172’5°. It is insoluble in water, but dissolves in alcohol, ether, and 
caribou disulphide. Its salts cry.stallise well, the plaiinotMuridc in yellow needles, 
easily soluble in alcohol. ^ 

The base appears to be identical with that which Hofraaiin obtained, together with 
cyananiline, by the action of cyanogen on aniline, and isomeric with that which In^ 
prepared by the action of cyanogen on o-triphonyl-guanidine {2nd Suppl, 583). 

GVAlVZBOCikRBOlirzC ETBBRS (Noncki, Ber. vii. 1588 ; J. pr, Chem. [2|, 
xvii. 237). Diethylic G,.iianidocarbonatej or HN::_C(Nll.COOCHI*)‘, 

is prepared by gradually adding cthylic chlorocarbonate to a concentrated alcoholic 
solution of guanidine contained in a small flask which is kept cool. Tho cth^jr then 
separates in needle-shaped crystals, and the alcoholic mother-liquor contains guanidine 
hydrochloride : 

3[HN=C(Nn2)2] + 2C1C00C2H=^ = HN=:C(NH.COOOTT5)= + 2[nN=zC(NIP)*.HCl] 

Diethylic guauidodicarbonato is insoluble in water, but dissolves easily in ab- 
Sf)lute alcohol and ether, with moderate facility also in dilute alcohol, and is best 
crystallised therefrom. It melts at 162°.*' Hiluto sulphuric and hydrochloric acid 
decompose it readily. Heated to*J00° in a .sealed tube with aleoliolic ammonia, it 
is converted into urethane and ethylic guaij,idomonocarboiiate, CWH"0“, 
which, being a ba.sic compound, is also called guanoline ; 

nN=c(NH.cooOTi‘y + NH» = Nie-coocw + hn=c<;^® PQQgsg, 

Urethane Guanoline. 
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Two molecules of guanoline contain tho olemonts of 1 mol. guanidine and 1 mol. 
diethylic guanidodicarbouato : 

CH^N* + = 2raPNS0= 

• t 

The i&rmation of‘’guanoline was once ohseryed on adding an aqueous solution (d* 
guanidine (containing a little ammonia) to ethylic chlorocarbonate. 

GuiiKolinc crystallises from aqueous or alcoholic solution in rhombic laminae 
(tontaining C^IPN^'O-^.H-O. The hydratwl base molts {it 100^ ; the anhydrous base at 
114°-115". The G‘II*N*0-.N0*H, crystallises in fine rhombic prisms; the 

')KiUral sidphale has the composition ; the plaiinochlunde is 

'(C‘r«N»0*)«2UCl.PtCl<. 

G iid^iido^To^fiOTiic dctdf ^ CH^ CIl.^ CO OH 

metameric with guanoline and with creatine, is formed on adding ammonia to a 
solution of jS-araidoproprionic acid (2 pts.) and cyanamido (0*7 pt.): 

CmNH* < 

COOH ^ “ ^'^^^'vNH.CmcmCOOH. 

It is a very stable compound, not decomposing till heated to 205'^-210® (E. Mulder, 
£er. viii. 12G1 ; ix. 1902). 

GUANIXTE, C'H^N'O. This base has the composition of amidosarcino, 
C'il’(NiI‘^)N‘0, and may be represented by-the constitutional formula ; 

N -^C--^N 

^ i 

HC-CH(NH»)-CO 

\~C=-ijH 

(Grimaux, Am, Ch. Phj/s. [6J, xi. 356) ;.soc Unic acid. 

Guanine has been found: (1). Togetner with other bases in the extract obtained 
by boiling yeast with water (p. 783). (2). To the amount of 5 to 8 per cent, together 
with sarcino, in tho sperm of tho salmon (Piccard, ifrr. vii. 1714). (3). In small 
quantity in tho urine of a pig, which was fed exclusively on bran, and appeared to be 
suffering from gout (Pecilo, Jiehig's Anmlcn, clxxxiii. Ml). 


GUANO. The following analyses of Peruvian guanos, from as yet unworked 
deposits, taken during tho survey of H.M.S. Petrel, have been made by A^oelckor 
{Jovrn. Boy. Ayr. Soc. 1874, 641). 




Guano from Pabilloii ile Pica 



■ 

Lii Jarlo- 

La Cueva, 

Sail Lo- 

Ciicva dol ilincouoda 


gnauo from 
surface 

25 feet from 
siuface 

from 

surfsice 

Surface 

50 ft. from 
surface 

Moisture . 

4-13 

3-20 

5-45 

9-23 

6-70 

Organic mutter and| 
amra‘ 5 nium salts { 

5U-01 

46-17 

49-40 

41-32 

55*10 

Earthy phosphates . 

21-82 

26-51 

27-01 

23-80 

24-65 

Alkali salts 

9-00 

15-49 

16-99 

23-30 

12-10 

iSand 

6-04 

9-63 

2-16 

2-35 

1*56 

Phosphoric acid 

11-67 

13-49 

14-06 

11-57 

14-72 i 

Total Nitrogen 

15-08 

9-81 

9-15 

6-68 

11-02 

Nitric acid 

•04 

•Oi 

•61 

•90 

1-20 
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Peruvian Guanos. 


• 

ifuaiiilles giiauo. 

• • 


F]mta dc Loboa 

1 eruano 

1 * 

• 

fift. 

10 ft. 

13 ft. 

1‘J ft. 

40 ft. 

Oft. 

8 ft. 

<10 ft. 


from 

from 

from 

from 

from 

fnini 

from •' 

from 


Burfaciw 

aurfaco 

aurfacc 

.siirfaoo 

surfaeo 

sui-l'aco 

Burfact! 

surf lire 

* Moisture . 

8-23 

6*25 

15*39 

12*67 

8*66 

14*53 

4*79 

1^06 • 

^Irganic matter anj) 
amnvjuium salts { 

4G-4G 

41*90. 

34*21 

34*83 

17*09 

35*7,'^ 

17*14 

49-7# , 

Earthy phosphates . 

22-45 

30*21 

24*71 

33*20 

24*20 

26*50 

23*09 

21*40 

Alkali salts 

19*22 

1G*73 

23*09 

15*69 

16*65 

20*35 

27*04 

13 45 

Sand 

.3-G4 

5-91 

2*60 

3*61 

3*40 

u-sA 

27*94 

1*35 

Phosphoric acid 

Total nitrogen . . j 

15*62 

15-30 

{‘2*93 

16*65 

14*35 

15*34 

10*95 

11*01 

10*40 

7-45 

6G5 

! 6*72 

8*81 

6*55 

2*64 

9*99 

Nitric acid . . j 

2*87 

2*16 

*25 

1 *35 

MO 

3*40 

•29 

3*50 


The total amount of these deposits is ahout 7,301,000 tons, to wliich the deposits 
at Papillou do Picii contribute 5,000,000. AVith one exception, the guanos are not 
equal to the old Chincha guano, which etntained 14 per cent, of nitrogen, but tlioy 
■".ir^mostly in excellent condition, dry, and free from lumps. Guano does not seem to 
alter steadily in composition with the depth from surface, its composition apparently 
depending less on its ago than on other circumstances. The nitric acid of the Peru- 
vian nitre beds may possibly bo derived from ancient gq/ino. 

Phospliatlc guanos (Voclcker, Joimi. Ttoy, Ag. Soc. [2], xii. 140-459). An- 
gamos guano, from the Bolivian coast, ajflfbfds the best example of the rapidly dried 
recent excrement of sea-birds ; this guano is acid to litmus, and contains 19-21 per 
cent, of nitrogen. Bird-dung, exposed to th8 weather in various climates, undergoes 
change, and guanos of various qualities are produccfd. The ultimate ctfect of rain is 
to destroy the organic matter ; the gusino then remaining is said to bo ‘ pliosphatic/ 
and contains very little nitrogen. These phosphatic guanos are of groat value as 
materials for high-class supoTphosphate. The an iioxod , table gives more or loss com- 
plete analyses of a number of pliosphatic guanos. In iq^ny instancits, the bases 
present are insufficient to form tribasic salts with the phosphoric acid ; this is es- 
pecially the case in the stony masses, known as * crust’ guanos, frequently found in 
deposits much altered by weather. 3Icjilloncs guano is a deposit uear the coast of 
Bolivia, estimated at several million tons; the phosphoric acid, on an average of 12 
analyses, is equal to 72’1 per cent. tricAlcic plio.sphate. Some of the guanos from 
islands in the Gulf of California contain over 80 per cent, of Iricalclc phosphate. 
Curavoa Island is on the coast of Venezuela; a rock -phosphate from Great Cura(;oa 
yielded 81 '9 per cent, tricalcic phosphate. The five giianos nexl* memtioned in the 
table are of little importance. Baker, Ilowbmd, and Jarvis Islands lie near the 
equator, in the Pacific Oca^an ; their gnano is now nearly exhausted ; the analysis of 
Jarvis Island guano represents the pre.sent. inferior in^mrtatioiis ; cjilcium sulphate is 
often present. Shaw’s, Malden, Eiidorbniy, and Starlniek Islands are coral islands in 
the South Pacific Ocean ; the guano is of high quality, but apt to bo contaminattMl 
with fragments of the coral rock. The Soutli Ann'rican guanos are seen, from the 
analyses, to contain a largo quantity of water and sand, and to bo richer in nitrogen 
than the others mentioned ; they vary much in composition. Palos Island 4s on the 
coast of Lower California. Bird’s Island belongs to the Pacific group. 



Percentage Composition op Phosphatic Guanos. 
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pRTlCraTAOK C0MP0SITU»N OF PhOSPUATIC GtTANOS. 


f 

Fiilkfnnd Islands 

Patagonian 

Patos 

Islnnd 

IJird’s 

Island 

Nmubpr of Anal.vsc's 

I. 

• 

1. 

1. 

1. 

1. 

■ ' 1. 

Water 

33*43 

35*86 

2146- 

6-59 

14-35 

6-92 

1 Loss on ignition . 

21*42 

26*07 

1174 

10-23 

10-24 

4:80 

Phosp^iate of calcium . 

3*204 

;>2*01 

*27*61 

23-44* 

53-48 

80*44 

Carbonate of calcium . 

2-52 

5*64 ( 



* 2*58 

6*38 1 

Sulphate of calcium 

- 

- ( 


— 

■— 

-- 

Alkali salt.s, &e. . 

(i-22 

7*34 

607 

9-05 

4-63 

1-34 

Siliceous mal ter . 

•1-37 

3*l>8 

30*13 

50-69 

& 

‘14-72 

*12 

Nitrogen 


412 

1 

1-83 

•90 

•96 

— 


Bats’ Guano. Py A. Voelekcr {Jour. Boy. Agri. Soe. 1878, 60-72). This 
material is found in tlio eaves inhabited by bats; large quantities have been dis- 
covered in Arkansas and Texas, and on the Btihama Islands ; the deposits from the 
latter are knovn as Giianahani guano. ]lotli texture and composition are very 
...vjiriable. Homo spocinu?ns are light-<ioloured, dry, and powdery, aiifl fall of the 
undigested wings of insects. Other specimens are dark, damp, and lumi)y, and of an 
earthy texture. The guano has very little odour. The following table shows Iho 
principal ingredients of a new and old dcposit*from caves in Arkansas, and the mean 
composition of eight cargoes imported from the Bahamas, with the highest and lowest 
percentages : — 


- • e 

fc 

Arkansas Guano 

Baliama Guano 


Old 

deposit 

New 

deposit 

Highest 

pLT- 

oontages 

Lowest 

per- 

centages 

Moan 

Water 

6*71 

33*53 

c31'49 

9*45 

24*02 

Organic matter .... 

21*32 

44-63 

27-97 

10*74 

14*06 

Ash 

71*94 

21-84 

79-14 

50*76 

61*02 

Nitrogen as organic in.itter and } 
ammonia , . . ( 

2*48 

6*62 

1*93 

0*53 

0*89 

Nitrogen as nitric acid 

0*46 

2-18 

1*06 

0*23 

0*47 

Total nitrogen .... 

2-94 

8*80. 

2*99, 

0-80 

1*36 

Phosphoric acid .... 

664 

3*76 

21-09 

4-59 

13-40 


As with most other guanos, the recent deposits are rich in nitrogen and poor in 
phosphates, while in the older and more decomposed deposits the proport.ion is re- 
versed. Nitrates jwe present in all specimens. A small part of the phosphoric acid 
exists in the soluble form. 'Hio chief constituents of the ash, besides phosphates, are 
siliceous matter, and cjirbonate and sulphate of calcium, but the proportions are very 
variable. The composition of bats’ guano from Spain, Jamaica, and* Penang (the 
latter is known as • Typelawer ’) was hnind to range nearly witliin the limits above 
given (.see also p. 765). 

riBB GVAN'O. A sample of Norwegian fish guano steamed and deprived of fat, 
supplied by the firm of Otto Ihiddo in Hamburg, has been analysed by H. Vohl {Dingl. 
jwl. J. eexv. 461) with the following results ; 

' Organic 

P»0‘ CaO MgO NaC» KOI FeHP Sand CO* SiO* 11*0 N substance 
13*894 16*431 0*468 1*392 trace 0*023 1*634 3*069 0*886 6*393 8*673 47*167 

V - y — — ...... -j I -- t 

37*697 asb 62 308 volatile and 

organic matter 

This guano contains about 12 per cent, nitrogen, and gives up to cold water 33-3!^ 
per cent, of its weight, the solution containing, besides easily soluble phosphates, 
15 per cent, nitrogen in the residue dried at 100°. It passes into putrefactive decom- 
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position at 11®, whoroas fish guanos still conUiiniiig fat are very slow in putrefying. 
Disintegration with sulphuric acid is not advantageous, as the sulphuric acid is chiefly 
taken up hy tho organic matter j even when it w’as added to the amount of ;i0 per cent, 
the product contained only to i3'60 pe^ cenfc^ soluble phosphoric acivl. Hotter 
results wore obtaiifed by treating tho guano first with an alkali and then with sulphuric 
acid, out this mode of decomposition is for tho most part too costly. • 

TlvJ decompo sition of tho insoluble nitrogen-compounds in fish-guano is sometimes 
efifocted oy moistening with water or urine, and leaving the mass in ferment. I'or 
r>0 kilos, of masiuro 30 litres of urine or water are necessary ; 5 Mlos. of gypsum are 
added, and tho heaps are cove?ed with gypsum or earth to prevent loss of nitrogein 
•Tho^temporature rises to above 40”, and when it begins to fall, the fermentatioii « 
over (A. Paget, CAm. Centr. 1877,206). It* has, however, been found bjp several 
•ox^joriments that tho best method of bringing the nitrogenous matter, and likewise 
the phosphoric acid, into the soluble state, is to feed cattle with the guano and use 
tlieir excrements ^is maniiro. In the following experiments, fish-guano, mixed with 
groats, was given to two sheep, which ate it readily. Tho guano contained 5G’04 per 
cent, albuminoids (9- 14 nftrogoii), 2-11 hit, and 41*85 mineral matter. 

The following analyses show the composition of the dried excrements of tho animals ; 
A when each sheep was fed on 656*85 grams of dry hay and 400 grams of groats per 
day, and D when 150 grams of fish meal were added to the above rations : 


A n 

-i- . Jk. 



Xo. I. 

No. IT. 

— _ 

No. r. 

No. IT. 

AlbumiiioVds 

10*^2 

9*75 

10*94 

10*81 

Fibre ....... 

41*33 

42*23 

34*16 

34*07 

Fat 

3*50 

3*22 

3*19 

3**26 

Non-nitrogonous extractives matter 

34*10 

33*96 

31*19 

31*64 


10*95 

10*84 

20*52 

20*22 

I’ctal weight of dry excrement f)er d.ay 

427*04 

420*51 

442*90 

445*68 


Water containing carboniclicid in solution, dissolvtd 18*35 per cent, of tho plios- 
phoric acid contained in the fish-guano, and 67*6 per cent, of the phosphoric acid in 
tho fresh sheep dung. After the dung luwf been kept for two months, and dfcomposi- 
lioii had set in, tlio solululity of the phosphoric acid rost? to 73*24 per emit. 'J'liosc 
results show that tho value of the fish-guano as a manure is increased by passing 
through tho alimentary canal of the animals (0. Kellner, handw. Vt-rsHchs-Statmien, 
XX. 423). ^ 

The proportions of phosphoric acid, nitrogen, and ash in various guanos and other 
manures hare been determiued byP. Wagner (Ber. d. Landtv. Versuc/fs-SL Darmstadt, 
1874): 


1 

1 

Flio»p1ioi'ic ncid 

NitrORen 

Ash 

Fish guano | 

11*6 

8*1 

41*2 

Whale guano | 

11*4 

6*5 

41*1 

Frey Bentos guano .* . 

15*70 

6*21 

41*02 

Peru guano 

10*7— 16*9 

3*3—11*3 


„ (disintegrated) 

8-7— 8*10 

8*1-10*3 

— 

Bone-meal . . . . • . 

18—19 

3*4 

— 

Steamed bone-meal . . . • | 

20*26 

3*2^ 



On tho Composition of Guano, see also Chevroul rend, Ixxvi. 1376, 1500 ; 

Ixxvii. 165, 4j^3, 669, 901 ; Chem. Soc. Jour, ) 1874,90). 

The name * ISuropean guano * is applied to various mixtures of horn, blood, urine, 
dung, calcium phosphate, wool, vegetable albumin, &c., containing, on the average, 
6*2 per cent, nitrogen, 6*2 soluble phosphoric acid, and 0*8 potash. 

GVAiro&mS, C 'lPN’O’^. See Gxjanido-cabbonio Ethebs (p. 910). 

OUAirbVUUTB (F. Wibd, Ber, vii. 322). A mineral, found by C. Gottsche, 
forming tho interior of a crushed bird’s egg finJm crude Peruvian guano, the shell of 
which consisted of calcium phosphate and carbonate, ^coloured brown by organic 
matter. It is yellowish-white, with a siUty to satiny lustre and laminar structure. 
Hardness =2. Sp. gr. s 2*33-2*66 at 16®. When heated it remains unaltered 
100®, but at 141® it gives off 10*91 per cent, consisting of water and ammonia with a 
Httle sal-ammoniac, and at 190® it blackens ; the entire loss amounts to 36*10 per cent. 
Analysis showed that the mineral has the composition (NH^)*S0^2K*S0^3KHS0^.4H“0, 
with traces of ammonium chloride, lime, soda, phosphoric acid, organic matter, &o. 
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That it cannot be wholly derived from the eonstitnonts of the egg itself, is evident 
from the fact that some of the eggs are almost filled with it ; the quantities of potash 
and sulphuric acid arc much larger than would be contained in the fresh egg, and 
must, therefore, have been introdveed by diffusion, whilst tlie soda, phosphoric acid, 
&c., wore removed by the same process. The most remarkable feature is, hQW(*vor, 
the present a of the acid potassium sulphate, which has hitherto been known only in 
the rare volcanic mineral, misonito. On evaporating a solution of guanov'Jite at 
ordinary temperatures, it separates out unehauged, in crystals belonging to the 
rhombic system, but the solution, when heated, becomes strongly ao^l, and deposits 
the three constituents separately. 

OUARAWA. For the preparation of caffeine from this substance, the follCwing 
inetho(l*i8 recommended by F. V. Greche {Pharm. J. Trans. [3], vi’\ 87) in prcfcrpiico 
to that given by Stenhouso (i. 708). Powdered guarana is mixed with three times its 
weight of finely divided litharge, and boiled in distilled water until, on leaving it to 
cool, the insoluble portion rapidly subsides. The cool, clear liquid is then filtered, 
and the residue waslied with boiling water, till the washings produce no precipitate 
with phosphomolybdic acid or platinum chloride. The small amount of lead in the 
filtKito is then precipitated ])y sulpliurotted hydrogen, and the solution on evaporation 
yields colourless crystals of caffeine, which may be rccrystallisod from alcohol. 

The tannin of guarana is found by Green {ibid. 328) to differ in several of its 
reactions from ordinary tannin, for which reason he rcgartls it as a distinct compound, 
and proposes to call it Paullitannio acid, 

GUATACAXrZTE. The variety of enargite from the Cordilleras of Chile, so 
•^lAimed by Field (ii. 488), is regarded by Fronzel as identical with In^onito (see 
HInaucjitk, p. 733). 

GVAf. It is commonly supposed that thq, formation of gum in plants is duo to a 
tTcinsformation of the cell-wall, but from microscopic observations by K. Prillionx 
{Compt. rend. Ixxviii. l^o) it appears that gum is “produced in the interior ‘of the 
vessels in the forn> of smdl drops which gradually unite. According to Mercadaiitc, 
oil the other hand (Berl. mr. ix. 581), gum and starch are formed simultaneously in 
the plant-cell, the gum on the walls, the .‘ibirch in the interior. At a later stage, the 
gum increases in quantity while the starch diminishes ; but this result is not due to 
a conversion of the starch into gum, the starch being, in fact, converted into the 
soluble* modification, which serves for the nutrition of the plant. 

According to Schhtzenborgor, ordin.ary gum (arabin) is contained in considerable 
quantity in the extract obtained by boiling yeast with water (p. 783). 

On the Gum of Sugar-beet and the, so-called ‘fermentation-gum,’ obtained from 
Jlcct-juice which has passed into the state of mucous fermentation, sec A rabin (p. 118). 

On Kauri or Cowdio gum, the produce of Dammara australis, aciQ DayiyiMiA 
BESIN (p. 625). 

Qitehracho Gam. — The Quebracho QX}\oVi\(io{Loxopterygiuni Ijarentii^ Grisebach) 
is a tree belonging to the Anacardiaccous order, indigisiioiis in, and peculiar to, the 
northern part of the Argentine Pepublic. The so-called gum, or rather thickened 
juice, collects in the cracks and hollows of the wood, in ruby-red concretions somewhat 
resembling colophony, but more brittle ; it is tiusily pulvcrisbd, and yields a brick- 
red powder. It is scentless, but has a slightly astringent taste. Sp. gr. 1*3756 at 
15°. It is easily soluble in alcohol, acetone, and acetic ether ; dissolves also in amyl 
alcohol and acetic acid, hut is insoRiblo in benzene, carbon bisnlpliidc, chloroform, 
and turpentine oil ; nearly insoluble in cold water and in ether ; nevertheless an 
ethereal solution, having an emerald-green colour, may bo obtained by agitating the 
gum with ether and water. Boiling water dissolves it completely, and deposits part 
of it on cooling. It dissolves also in strong sulphuric acid, and is precjpitated there- 
from by water. Heated in a platinum capsule it swells up and burns, leaving a 
shining porous cinder, which burns awiy slowly on continuing tho heat. If the 
combustion be completed in a stream of oxygon, the un burnt residue is scarcely 
appreciable. 

A 1 per cent, solution of tho gum in absolute alcohol, in a layer 7 mm. thick, 
exhibits an absorption-spectrum having a dark band commencing between the solar 
linos A and B, and terminating at G‘; another extending for a short distance on each 
side of .D ; and a third beginning half-way between D and E and extending to all the 
more refrangible part of the spectrum. TJic samo solution in a layer 26 mm. thick 
absorbs tho whole of the spectrum, excepting a narrow space from C half-way to D. 
A solution ()f dragon’s blood, which in some respects resembles quebracho gum, 
exhibits a very different spectrum, containing a dark band extending for a shoffc 
distance on each side of 0, and a sbeond beginning just beyond D and occupying all 
the rest of the spectrum. 
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Reactions. — Quebracho p^iim, subjoctoil to dry distillation, yields between 100° and 
120° a distillate which remains liquid oh cooling, and between 210° and 24,")° a ilis- 
tillale w’hieh solidifies to colourless prisms of pyrocatechin (m. p. 105° nearly, 
1). p. 2 10°- '2 15°). Tin* gum is si rongly aWacked by concentrated nitric r/ciV7, and 
when healed with tjie same acid somewhat diluted Mith water, it is oxidised to oxalic 
acid •and tri nitrophoiiol or picric acid. Fused with po/rf it yields proto- 
cat ec^hiiic acid, or 0‘’li.^(OH)“.COOH, and phloroglucin, 

The fbrmation of these products renders it probable that quebracho gum contains 
one of the bodies called caleehins (seep. 416); biffc, in consecjuenco of the gn*at 
tendency of those bodies to # Iteration, ihcir actual presemee in the ginn luis luij. 
«l)een satisfactorily deinonsl rated. Tlie existence of catcchin in an anacardiaceous 
plan* would be a novelty, this body liaving hitherto been found only in theleguminoi:^, 
gi’ilbiaceons, and cVdnilaccous orders (Pedro N! Arata, Anaks de la Sociedad^cicntijlca 
Argetitintty July 1878). 

So}iom gum is a n.amo given in Mexico to crude shellac (q.v.) 

GU]lf-RESX»rS. See Kesins. 

GUXr-COTTOXr. *From analyses nmde by reduction with ferrous salts, 
Champion a. Pellet rend. Ixxxiii. 707 ; Ixxxiv. 609) conclude that Abel’s 

compressed gun-cot ton consists not of trinitrocellulose, as stated l)y Abel (1.5< 

669), but of pentanitrocelluloso. Abel, on the other hand {Compt. rend. Ixxxiii. 1011), 
shows that the amilyscs on which this conclusion is fountlcd are defective, inasmuch 
as no c.ar(j was taken to free the gun-cotton from admixed nitro-dcrivatives of fatty 
and resinous substances, by washing with alcohol and (‘ther. Gun-cotton, prepared 
with th« utmost c;ire in his own laboratoi^’i exhibited the composition of trinitro- 
col I ulose, as dwl ermi lied several years ago by Walter Crum and by Pelouze, whereas 
commercial gun-cotton wais found to be a mixture of about 86 per cent, trinilro- 
cellulose with about 4 or 6 per cciil. (ft unattacked cellulose and 10 per cent, diiiitro- 
ccllnlose. , 

Tliittgcr (i)tw^A ^/>/. «/. ceix. 816) finds that gun-cotton is dissolved by a boiling 
solution of sodium siannilef i\m\ that the regenerated tcellulosf) is precipitated on 
adding to the liquid an excess of hydrochloric acid. As,cellulosc itself is not ilissolvcd 
by sodium staniiit.o, this reaction allbrdt«aii easy method of determining the amoiiiil 
of unaltered cotton in a sample of gun-cotton. 

On the Heat of Combnslion of (rim-cotton^ see Kxri.()siON (p. 767). 

On the Heat disengaged in if.'i Formation, see H eat. 

On the Spectrum of Exploding Crmi'CoHon, see Lohse (Foqq. Ann, cl. 641 ; Jahresh. 
/. 1873, 161). 

• 

GUITPOWDER. DccomjmsUion. The following equations, representing » dif- 

ferent stages of the decomposition of giinpow'der, Jirc given by Debus {Brit, Assoc. 
ReporU, 1875 [2], 40); 

(1) . 24KNO« H- (F- + 0 - 12imP + 9CO + MCO- + 12N*’. 

(2) . 16KNO* -h C“ + 8" - 8K2SO' + SC(F + 8.\-’. 

(3) . m‘W + C" -I- S + O - 6K*S -H K"S“0» + 11 CO'-. 

.* *• 

From the thermic cfiTccts produced by the explosion of gunpowder, Pertlielot infers 
{Compt,rend. Ixxxii. 475) that the explosion gives rise to the formation of all the 
compounds that are permanent under the circumstances of the experiment, chiefly 
sulphur, potassium carbonate, and potassium sulphate, together with carbon monoxide 
and dioxide, nitrogen, and vapour of water. The proportion's of ^hoso several products 
vary with the local circumstances of the mixing and of the ignition. If the products 
remained in contact for a considerable time, their reciprocal actions would bring them 
into the condition which is consistent with the greatest possible evolution of heat, — 
that is to say, it would lead to their ultimate conversion into and CO® ; but* 

the sudden cooling prevents the completion of this reaction. Nevertheless each of 
the products is formed in a regular manner, and the chemical transformation of 
powTler may in all cases bo represented by a system of very simple equations. 

On the Heat of Combustion of Powder, see p, 767 ; also De Tromonec 
(Compt, rend. Ixxvi. 384 ; Jahresh. f, Chcni, [4(73], 1026). 

On a method of testing the Fineness of Gunpowder, depending on the intensity 
of its combustion, see Chabrier (Cb;w^^. rend, Ixxviii. 1138; Jahresh. f, Ch&m, 1874, 
1122; Chem, Soc. J. [1874], 1023). • 

An apparatus for measuring the pressure produced by the gases of burning 
powder in the chamber of the gun, and the pressure which the shot produces in 
driving the air before it, has been devised by Deprez a. Sobert (Compt, rend, Ixxviii. 
1836; Jahresh,/. Chem. 1874, 1120). 
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On the Composition and Analysis of Wood-Giiiipowdors, see L. AV. Toms ( the 
Field, 1878, No. 138G, p. 143 ; Chem. Soc. J. xxxiv. [1878], p. 923). 

WTBJpTf BA&SAM. From the^ residue loft in the preparation of a largo 
quantity of this balsam, Fluckigeip obtained a neutral crystalline substance, 
which dissolved in petroleum-spirit, and separated thcrcfroin in prismatic crystals, 
belonging t'AlIic trieliiiic system, and melting at 12G'’-130°. This substance does not 
unite either with bases or with acids, but dissolves with reddish colour in sulphuric, 
acid and is reprecipitated by T»»ater. It is not altered by fusion witli pota.ssiuin 
hydroxide. I5y dry 'distillation it yields an oil which i^ not utfected by^ferric chloride 
^Arch. Pkarm. [3], xii. 68). ^ ; 

* GYPSUM. Occurrence and Fon^niion . — On the formation of Gypsum by the 
action of'sulphur on calcium carbonate in presence of water, see OAilnoNATES (p. 41i). > 

The gvpsuni and anhydrite of Airolo and Val Canaria have heeii described by 
K. von Fritsch {Jakrb. f. vii. 299). Those formations oxliibit the trcmeiulons 
force exerted by the expansion consequent on the conversion of anhydrite into gypsum, 
a force by which the crystals enclosed in the surrounding roefc have been rent asunder. 
Those crystals, which in tin; anhydrite are developed with perfect regularity, are found 
ill the gypsum only as disintegrated fragments. Amongst these enclosed crystals are : 
hitter spar (4R.0R in the anhydrite, cleavagc-rliombohedrons in the gypsum); 
quartz; iron pyrites converted into brown iron ore; disthene (often superficially 
metamorphosed into transparent mica or talc) ; laminm of mica and talc (probably 
for the most part formed from disthene, as this mineral occurs frequently in the 
anhydrite, rarely in the gypsum, whereas^ for mica and talc the reverse liold^ guo<l) » 
TSay rarely tourmaline. 

On the Crystillinc Forms of Gypsum from Eichstadt near Merseburg, from the 
Pappelsberg in the Slcbengobirgo, and of gypsu.ni twins from Ki.slobcn, see Laspeyros 
{Jakrb. f. Min. IS7Q, 200 ; Chem. Soc, J. 1876, ii. o3); also Reusch (Mb/. Mitlheil. 
1876, 67). ? , . , , 

Gypsum crystals, from the miocenc clay of Siitol ii’ East Holstein, where they 
occur ahuodantly, are described by P. Klieii {Jakrb. f. Min. 1876, 556). The usual 
forms of gypsum occur in this locality, bqt occasionally curious groups are found 
which bear a resombbmeo to twins, hut arc not so in reality. One crystal in these 
groups is larger in size than any of the rest, and at (he same time serves as a support 
for the other crystals, which seem to radiate outwards from its centre. These 
crystals mostly enclose ferric oxide, Avhich is distributed parallel to the A^ai ious crystal 
faces, often ii.s.suming the appearance of a kernel in the crystal, enveloped by ferric 
oxide. Sometimes this deposition is repeated, giving rise to the formation of parallel 
zones. 

On the ‘Crystal-tectonic’ of gypsum, see Klien (iW. 563 ; Ckem. Soc. J. 1877i 
i. 582). 

Elasticity . — The coefficients of elasticity iu gypsum arc proportional to the ciibos 
of the lengths of the axes of the coloured rings producible by pressure, and therefore 
also (see Hhat) to the cubes of tho axes of the ellipses rcpresoiitiiig the distances to 
which a uniform t(>mperature is extended in different directions l^y a given source of 
heat (Jannettaz, Comp. rend. Ixxxii. 839). 

Reaetwn with Sulphur. —li\ the extraction of sulphur from the ore by distillation, 
tho sulphur is said by the workmen bo partly destroyed by the gypsum. This 
effect may be explained by tho reaction represented in tho equation CaSO* -F 2S - 
2SO*-t-0aS (A. Coss 2 i,,fiasz. Chim. ital. 1874, 241), 

Hardening of Burnt Experiments by E. Landrin {Ann. Chim. Phys. [5], 

iii. 433) have shown that the rapidity with which burnt gypsum takes up water 
depends upon the temperature at which it has been burnt, and tho time dfiring which 
it has been exposed to that temperature. Tho best result is obtained by exposing 
the gypsum to a temperature of 100°- 300°, for 12 to 20 hours. Gypsum which 
has been heated to 400° likewise absorbs water quickly when stirred up with it ; 
hut hardens less, in proportion as it has been exposed to that temperature for a longer 
time. It is only at a cherry-red heat that gypsum loses the power of taking up 
water, but (rven at this temperature it (Jess not give off sulphuric acid or experience 
any other chemical change. • 

The action of water on gypsum may he supposed to take place as follows. On 
coming in contact with water, part of the gyp.sum immediately becomes crystalline, 
while another part dissolves, and the liquid thus formed solidifies like a supersaturated 
solution, as soon as a crystal is formed by the evaporation of l.lie water. The hardest 
product has the compo.sitioii 0aSO*.2H‘‘*O, and contains 20 per cent, water. Ordinary 
burnt gypsum fetill retains 8 per cent, water, so tliat by stii*riiig up the gypsum with 
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only 12 per cent, water, a paste should be formed which would solidify to a compact, 
mass more quickly than any other. In prtictice, indeed, a paste thus con\posed is 
found to solidify too quickly, and for this reason it is customary to uso at least 33 pis. 
water to 100 gypsum, and often a great deal n%ore. The greater the quantity of water 
used, the looser is tVe solidified mass. To obtain sf ^jaste Vhich solidifies slowly and 
ultirnattjly becomes very hard, solutions of glue, d<>xtrin, glycerin, &c., arc used 
insteat^of water. Another method often adopttid is to add a large quantity of water, 
and htro\»^ common salt on the surface of the solidifying mass; the salt takes water 
from the paste, which then solidifies quickly. The desired properties of slow solidi- 
fication and groat ultimate hardness are found united in the so-called alumd 
^ypsmm or English cements^ which are made by steeping burnt gypsum for a few* 
miunres in a ri-20 per cent, solution of alum, and then heating it to dull rediics t 
It te commonly supposed that this pi^jccss IcadS to the formation of double sulphates 
of calcium and alkali-metal. This view, however, is not confirmed by Jjandrin’s 
analyses of a number of these gypsums, the results of which are shown in the 
following table ^ 



I'reucli Cement ^ 

Cement 

^ A ^ 

t:jtucCo 

Calcium Sulphate 

1)6-75 

1 

98-19 

2 

98*02 

98*55 

Calcium Carbonate . 

i-05 

0-41 

0-37 

0*36 

Silica’ 

0-72 

— 

0-42 

0*51 

Water . 

1*48 

1-45 

1-19 

1-08 


Tlieso numbers show that the constituents of the alum do not enter into the 
gypsum, hs supposed by Omelin .and by Schdlt (2wd 590). As nuissive iiativ/*. 

gypsum is for the most part rich in calcium carbonate (a sample from Paris was found 
to contain more than 4 per cent .) ; the treatment with alum serves merely to convert 
this calcium carbonate into sulphate. *The alum for this purpose cannot be replaced 
by the simple sulphates of aUimiiiium, poUissium, sodium, ammonium, &c. ; hu-t the 
same efiect may be produced by sulphuric acid. Crude gypsum, left in contact for 
some time with sulphuric acid of 8 to 10 pot cent., and thfcn burnt, yielded a prepara- 
tion which exactly resembled alumed gypsum, and had the further advantage of a 
fine white colour, duo to the destructive^ action of the sulphuric acid on admixed 
organic substances. The sulphuric acid cannot bo replaced by hydrochloric acid, as 
tho hygroscopic calcium chloride produced by the latter could not bo completely 
removed. Gypsum which has been treated with siilphiiric acid and afterwards burnt 
at a high temperature, behaves bko strongly boated pure calcium sulphate; it dissolves 
ill water more slowly tliaj ordinary gypsum, docs not become heated in combining 
with water, and solidifies less quickly than ordinary gypsum. The setting may he 
accelerated by heating tlie paste, or by using warm water for the mixing. If tlie 
gypsum ho mixed with quick lime, the latter slakes during the mixing with water, 
thereby raising the temperature, aud accelerating the evaporation, and consequently 
tho setting of the gypsum. The resulting calcium hydroxide becomes saturated with 
carbonic acid, and thereby increases tho solidity of the gypsum. The best proportion 
of lime to bo added to the gypsum is 10 per cent. 


H 


See lI.£MAT 0 XYr.iN. 

HJeMEATZir. See H.SMoaLOBiK. 

HJEMATZHronrs. Fur the preparation of this red glass (iii. 3), the following 
process is recommended by Kayser {Institut. 1876, 279). Sixty parts of pure sand, 
10 cupric oxide, 3 ferrosoferric oxide, 10 calcined borax, and 10 calcined soda, are 
fused together at a high temperature, whereby the cupric oxide is reduced, after 
which the heat is lowered to dull redness, anStkept at that point for some time. The 
product is a deep red glass flux covered over with a rtiin layer of cupric oxide glass. 
In Pettenkofer 8 process (iii. 3), which consists in adding cupric oxide mixed WMth 
ferrosoferric oxide as a reducing agont^to a lead glass, a partial reduction of tho lead 
oxide takes place at the same time, whereby the glass acquires a brownish or even 
blackish colour. 

BJEMATOliDZir. See HjBMOOLOBm. 
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BJBMATOXT&XXr, C‘*H**0^ This compound is related to brazilin and 
resorcin in the manner shown by the equation : 

+ H*0^= + C«H«0* 

liraziliii. Hajinato- Rcsorcm. 

xyliu. 

(Liobermai^n a. Burg, Deut. Chcm. Gm, Ber, x. 1883). 

A solution of haeniatoxylin boiled in a platinum dish in an atmosphere fro'e from 
ammonia acquires merely a brownish or brownish yellow colour; but, if boiled in a 
test-tube, it assurats in a few minutes a purple colour, showing thah the glass has 
^een decomposed, and has given up alkali to the water ; for it is only in presence of 
^xygen and alkali that hematoxylin acquires the purple-red colour of liaemaoein. 
On account of its sensitiveness to alkalis, haematoxylin may be ve^'y advantagcou(*ly 
used as an indicator in acidimetry, especially for the estimation of non-volatile acids, 
which, by its aid, may be directly titrated with alkaline bicarbonates (0. Maschke, 
Btr. vii. 1535; Arch. Pharm. [3], vi. 34): seo also H. W. Mitchell {Amer. Chemist^ 
vi. 91). 

According to Frebault (»/. Pharm. Cftm. [4], xxiii. 338), the rod colour of haema- 
tein is destroyed by iodine or potassium iodide in presence of an alkali, and the 
reaction may bo employed, best in very dilute solutions, for determining the amount 
of haematoxylin in logwood, and for the estimation of iodine. 

RJEMinr. See the next article. 

HJCMOGlbOBZXr AXTD ZTS BSRZVATZVES. Haemoglobin 

is resolved by the action of iodine into hfjtnatin and globulin, as may bo proved, both 

comparing the absorption-spectrum after the addition of the iodine with that of 
pure haematin, and by observing the reaction itself under the microscope. In the 
latter case, not only is the actual precipitation ‘‘of the hsematin visible, but crystals 
of the iodide may bo obtained by gently warming thq subsbince on the microscope 
slip, with a drop of glacial acetic acid. These crystals belong to the rhombohodral 
system, and exhibit-a stellate arrangement, often resembling the form of a Maltose 
cross (Ilusson, J. Pharm. Chim. [4], xxii. 326). 

According to Rossbach {N, liep, Ph(r.'in, xxii. 512), alkaloids increase the 
affinity of haemoglobin for ozone, and retard the transference of the latter from 
haemoglobin to other bodies. According to E. Schacr, on the other hand {Deut. Chem. 
Ges, Bcr. vii. 1345), the separation of ozone from haemoglobin is not retarded under 
normal circumstances by hydrochloride of quinine or by acetate of strychnine. 

Esiiniation of Hemoglobin. — iSchiitzcnbergcr a. I^islcr’s method of estimating 
oxygen in blood by means of a standard solution of sodfum hyposulphite, Na^fcJO'**, 
has been applied by Quinquaud {Compf. rend. Ixxvi. 1489), to the determination of 
the amount of haemoglobin contained in blood. The larger the quantity of haemo- 
globin present, the greater is the amount of oxygen taken up by the blood when 
shaken up with air. 1,000 grams of human blood, containing 125 grams of haemo- 
globin, absorb 200 c.c. oxygen. The blood of poultry takes up per litre 170 c.c. 
oxygen ; it must, therefore, contain 82 grams of haemoglobin per litre, a quantity 
agreeing exactly which Hoppo-Seyler calculated from the amount of iron in poultry 
blood. 

On the Spectroscopic Estimation of Haemoglobin in Human Blood, see Wiskcmanii 
(ZeUschr./. BiologWj xii. 434 ; Chem, Sop. J. 1877, ii. 808). 

Per oxyhemoglobin . — By the action of acids on blood, a peroxidised product 
has been obtained, from which the oxygon can be again extracted by strong reducing 
agents, with formation of oxyhmmoglobin, and subsequently of reduced hemoglobin. 
This substance, Cfilled peroxghemoglohm by Sorby, meihcnwglohin by Hoppe-Seyler, 
nitrilhamoglohin by Gamgee’, may be prepared by acting upon blood witlf oxidising 
agents, such as potassium permanganate. 

Beroxyhaemoglobin, in alkaline solution, has a three-handed spectrum. In acid 
solutions the spectrum has four absorption -bands similar to those of acid haematiu. 
Theinost characteristic band has a wave-length of about (133, but by addition of acid 
to the blood, the position of the band changes with the intensity of the acidity, being 
moved towards the red end of the spcctijum (Jaderholm, Zeitschr. f. Biologie^ xiii. 265). 

Keematln. Cazeneuvo preps res pure haematin by dissolving 1 litre of defi- 
brinated blood with 2 litres of a mixture of 3 parts ether and 2 parts alcohol of 85®. 
After twenty-four hours, the liquids having been stirred from time to time, the 
ethereal solution is decanted off and replaced by a fresh quantity of liquid containing 
2 per cent, of oxalic acid. This dissolves out the colouring matters, and on the 
addition of ether holding ammonia gas in solution, to exact siituration of the oxalic 
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.Kru; haematin is precipitated. The precipitate is washed .surcesKivoly with ether, 
alcohol, and water, and the residue finally treated with ether saturated with hydro- 
chloric, hydrohromic, or hydriodic acid, yields characteristic (trystallino compounds 
{J. Pharm, Chim. [4], xxiv. 116). 

Cazencuvo assigns to haematin the formula, j^reeing with the 

latest determination by Hoppc-Seyler (2nri Siippl. 201). Its barium salt has the 
compos-hion C“"H®’’BaN®Fe“0*® {Pull. Soc. Chim. [2], xxvii. 485). 

Wlioil' blood is treated with concentrated soda-solution, tliere is obtained after 
some time a brij;?ht red solution of reduced h mm a tun, which subsequently coagu- 
lates. By disso'iving this in wetcr and treating it with dilute accHc acid, the coloiir- 
.big-matter is precipitated as oxyluematin. It may be somewhat purified by 
dissolving in ammonia-waler, and reprecipitating with acetic acid; but it still contains 
/'iltMmin and a clili-rinated compound insoluble In water. 

Hauiiatiii, though usually insoluble in dilute lus well as in concentrated acids, even 
hydrochloric acid, dis.solves in concentrated acetic acid, and shows the same four- 
banded absorptioii-spectrum that it gives in acid, alcoholic, or ethereal solutions 
(l,s‘^ Suppl. 855). A constant difierenco exists between the spectra of these solutions. 
In the alcoholic solution the ab.sorption-ba.id in the red is farther from Fraun- 
hofer’s line D than it is in tlie ethereal solution. In the former the centre of the 
band has a 'wavc-longth of about 627 ; in the latter, of about 638. This four-banded 
spectrum belongs, tlierefore, to hmmatin, and not, as stated by Proyer, to a colouring 
matter free from iron, the so-called limmatoin. 

By evaporating the acid ethereal solution, yellowish-brown rhombic crystals and 
spindle-shaped thin tables arc olitained. In a similar manner, by ii.sing sulphuric, 
hydrocliWiric, or other acid, crystals may bd' procured whose solubility in acids and 
alkalis corresponds witli that of hmmatin crystals, as also do the ab.sorptioii-8poctta 
which are given by tlieir solutions. Although these crystals contain iron, they are 
in all probability identical with Preyer’s htBrnaioin-ctystah and with Lehmann’s 
ha;matin-crystals ; whilst they are closely related to haemin- crystals (Jadorholm, 
/jf'itschr. f. Biologic, xiii. 193). 

Hoppc-Soyler Chem. Ges. Bcr. ’di. 1065) find** that the colouring matter 

which he obtained by the act ion of reducing agents on hscraatin Suppl. 202), 
is identical with the compound called uiVihilin by Jalfo and hydrobilirubin by Maly 
{ibid. 190), 

On crystalline compounds of Hmmatin with Acids, see Husson {Coinpt rend, Ixxxi. 

477). 

Haematoidin (iii. 3). 'fids substance is produced by treating blood with sodium 
borate and glacial acetic /icid. Its cry.stals, apparently triclinic, exhibit under tho 
niicro.scope such vsried and multiple forms of urrangemont, that it is difficult to fix 
on any one of them as cliaract eristic of tho substance ; it may be observed, how’ever, 
that immediately surrounding the crystals, granulations of a reddish colour always 
occur, apparently i'e.sulting from tho precipitation of the iron of the heematin at the 
nionumt of its conver.sion into haematoidin (Husson, J. Pharm. Chim. [4], xxii. 326). 

Hsemin. Thudichura a. Kingzett {Cheyn. Soc. J. [1876], ii. 255) prepare this 
substance by a mo(|ification ,of Wilticli’s process, which consists in treating blood 
with seven times its bulk of a cold solution of potas.sium carbonate containing 1 part 
of tho salt ill 2 parts of water. Tho thick mixture is filtered on calico, then pressed 
ill cloths, and afterwards treated with alcohol; the resulting solution, containing 
potassium carbonate is poured oif, after standing for some time ; aiid.tho residue, 
after being freed from liquor by pre.ssing, i.s dried nt tho ordinary temperature. The 
lirodiict is then exhausted with warm absolute alcohol at a temperature not exceeding 
40°, and tho extracts so obtained are treated with an absolute alcoholic solution of 
tartaric a<^d. In this way t he potash is precipitated and the Iiffiniin remains dissolved, 
and on evaporation of the solution, is precipitated on cooling in very minute bluish- 
bhick crystals consisting of rhombic plates. 

The analyses of this product yielded, as a mean result, 7'65I per cent, iron, 3*022 
chlorine, and 0*608 phosphorus, whence it is inferred, that hsemin consists, not simply 
of luematin hydrochloride, as hitherto sup^sed, but of a mixture of that compound 
with hsematin and a ci^stallisable phosphorised substance. 

Hsemin heated in hydrochloric acid gas talfes up 3*3 per cent, of its weight of that 
gas. It dissolves in a large quantity of nitric acid, without evolution of gas, forming 
a red-brown solution from which wirtor throws down red flocks, leaving a nearly 
colourless liquid containing only a small quantity of iron, the greater portion of that 
metal being contained in the precipitate. The iron cannot bo removed from heemin 
by treatment with glacial acetic acid and citric acid, or with glacial acetic acid and 
benzene, the haemin in fact not being altered by this treatment. The statement of 
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Paqueliii a. July {Conipt. rend, Ixxviii. 1679), that tlie colouring mat ter of blood - 
which they call hcetnatoain — does not contiiin iron, is thcTefore erroneous. 

The liquid obtained by treating hiumin with acetic acid and benzeno yielded a 
pliosphoriscd substance, forming with cadmium chloride a compound whose analysis 
showed ttiat this phosphorised J«dy is identical with the subsfanco called myelin 
(q.v.) obtained from brain. i 

HAXBk! Tile black pigment obtained by Hodgkinson a. Sorby from yatk and 
dark-brown feathers, is likewise found iu hair of similar colour (p. 769). 

HAZ-TKAO. • Tills substance, also called gdose^ is used for Mulshing cotton 
(goods. It is obtained from an alga, oecurring abundantly in Cochin China and in the 
Mauritius, in the form of coarse, flat fibres, which are about 30 cm. long. Ct is* 
\vithout smell or taste, and consists of* a transparent colourless ina|5S, coA’-orod witj) a 
not of nSn-transparont A’cins. It. is insoluble in cold water, and dissolves eompletel/ 
in hot water only after boiling for ten minutes, forming a transparent, thin, dirty- 
white solution, which on cooling deposits a yellowish-grey jolly, scilnblc on boiling. 
The jolly is neither acid nor alkaline, and does not show any signs of fermentation or 
putrefaction even when kept for about (.eight days. Thao'dissolvcs in cold strong 
sulphuric, hydrochloric, or nitric acid, and is roprocipitated on adding water. To 
alkalis it behaves in the same way as to water, and is insoluble in alcohol both cold 
and hot. 

With regard to its use for finishing cotton material.^, experiments seem to sIioav 
that it can bo used only in hot solutions. With a dilution of 1 part of thao to 300 
parts of water, the solution first begins to fix itself on the textiu“i;s. With 1 part to 
100 parts of w’ater, the materials are reiuilered soft to the touch, ami the texture gains 
-1.: substance but not in stiffiiess. Thao fills the thread more completely than dextrin 
or starch, and produces a moister and finer texture. Uy adding glycerin to the thao- 
solution, a still softer anil at the same time stranger material is obtained; the addi- 
tion of talc, pipeclay, &c., yield.s a material of a fatty touch, and much finer and more 
delicate than that obtained from a dextrin or stareh solution. Cotton finished with 
thao is not acted uppii by cold water, tis ^s the case with dextrin and starch ; thao 
cannot, however, be used without ultramarine, as it gives to cotton a yellow tinge. 
With twilled materials thao draws the substance together, and thus ]>revcnts them 
from coming out well. It is only indeed for fine textures, whicli are to be rendered 
soft and firm to the touch, that the u.se of thao can be rccommiaided. Where a heavy, 
stiff, and cheap finishing material is required, it canuot compel o with dextrin or 
starch (lleilmann, Dingl. Vol. J. ccxiii. 622). 

UAXiZiOYSZTB. A mineral resembling lialloy si fo lias been found by .T. Kumpf 
{Min. Mitth. 1874, 282) on the Micliaelerborg, near ^fuffor Vi Styria, on the confines 
of the Leitha limestone and trachyte. It occurs in amorphous lumps of yellow, red, 
juid brown colour. Analyses by It. Haller of an orange-red A'ariiity («) and a liver- 
brown variety (6) gave the following results : 

SiO" A1’0» CaO MgO IW ]1»0 Sp. gr. 

a. 31-01 40-47 2-26 1-64 trace 24-27 = 99-65 2-06 

b. 2o-6G 30-82 1-37 — 14-34 27*68 = 99-87 

KAXiOGENS. On the Mutual l)isplaeemeut**of iralo|;en Kloments, see 
Chemical Action (p. 429), On the thermic phenomena accompanying these reac- 
tions, and the Oxidation of Haloid Salt.s, see IIkat. 

Eatvmation of Halogen elements hy heans of AmnwHium Thiocyanate (Vulhard, 
Liebig's Annalen, cxc. 1-61). The chlorine, bromine, or iodine is completely 2 )re- 
cipitated by adding aif excess of a standard solution of silver nitrate, and tlio excess 
of silver is determined by adding a solution of a ferric salt and then a standard 
solution of ammonium thiocyanate, till the rod colour of ferric thiocya»ate shows 
itself, indicating the complete precipitation of the silver. A deci-normal solution of 
sih-er nitrate is used, and the thiocyanate solution is made to correspond with it by 
titration against it in presence of a ferric salt. 

In applying this process to the estimation of chlorine, certain precautions are 
necessary, on account of the decomposing action exerted by silver chloride on the 
soluble thiocyanate. If the thiocyanate solution i.s added in exec.ss to an ammoniacal 
solution of silver chloride, and the miAure is afterwards acidulated with nitric ticirl, 
the whole of the chlorine of the*silver chloride pfis.sos into solution ; but if the thio- 
cyanate solution is dropped into a nitric acid solution containing silver nitrate and 
suspended silver chloride, together with the ferric salt as indicator, and the liquid is 
not shaken more than is necossaiy to secure complete mixture, the action on the 
silver chloride proceeds so slowly that the correctness of the re.sult is not impaired. 
If, hoAvcver, the agitation is violent and prolonged, the silver chloride, by decom- 
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posing a porlion of tlio Ihiocytuiate, will giA'o results too low. It must further bo 
romcmbi:red that after tin; pale-brown colour has once appeared, it is scarcely increased 
in intensity by further addition of the tliiocyanate: hence it is necessary to acquire 
l)y practice the power of at once recognising tjie first appearance of tlio Thu 

weighed metallic chloride is dissolved in 300 or 400' w.c. of water, mixed with 6 c.c. of 
cold irod-almn solution, and with sufficient nitric acid to remove the colour imparted 
by tlie^jt(!rric salt ; deci-nornial solution of silver uitrato is then added in slifrlit excess, 
and the addition of the thiocyanate solution is at once proceeded with, the liquid 
being constiiiitly shaken and stirred round to secure rapid mixture. The titration is 
finislicd when fne liquid retains its pale-broAvii colour after standing still for Itai 
.niinutes. The number of c.c. of silver nitrate solution used, diminished by the imiu ■ 
ber C.C. of tliio<,;yanato solution, and multiplied by 0’00355, gives the weight 
Mf 'Jiloriiio peseji!. in grams. If the weight dt‘ chlorine in solution is not known 
even approximately, a few drops of the sbindartl thiocyanate solution may be added 
onrasioiially <luring the running in of the silver nitrate solution. As long as the silver 
solution is not in excess, the colour produced by the thiocyanate disappears slowly; 
but as soon as excess lias |iocn added, the colour caused by adding a drop of thiocya- 
nate imiiii'diately vanishes, leaving the liquid* milk-white. In calculating the result, 
the qiiaiitily of the standard t hiocyanate thus used must be added to the quantity re- 
quired for titrating the excess of silver, and the wliole subtrjictud from the quantity 
of .silver uitrato solution employed. Filtration from the silver chloride is not to be 
recommended, as it occasions waste of time ; neither is the employment of an aliijiiot 
part of the clear liquid aftcjr subsidence advisable, since the accuracy of the re.snlt is 
thereby diminished. After a little practice results may be obtained of sufficient pre- 
cision to bo valuable for atomic weight determinations. 

lirominc , — The action of silver bromide upon thiocyanate solution dues not go 
nearly as far as that of silver chloride; in fact, experiment shows that the process 
applied to the estimation of bromine gives the final reaction at once and without 
difficulty, the results being verif accurate. The point when excess of silver solution 
has be(Mi added can bo judged with sufficient accuracy by the clarification of the liquid 
after brisk agitation. ' o. 7 

/Wine.— -Silver iodide docs not exert auy decomposing action on the tliiocyanate ; 
nevertheless the process i.s liable to be. rendered iuaceurate by silver uxlide carrying 
ilowii with it potassium iodide or silver nitrate, or both, and thus more or less 
withdrawing them from the reaction. To avoid this source of error, the following 
method of proceeding is necessary : — The iodide is dissolved in 300 or 400 times its 
weight of water in a stoppered ‘»bol tie, and ( ho silver solution is added to it until the 
precipitate coagulates omsliaking; this shows that an excess of silver nitrate is 
prcs«'nt; O’l or 0'2 c.c. more of silver solution should then bo added, and the liquid 
well shaken : by this means any unaltered alkaline iodide is convert cd into silver iodide. 
I'lither of two methods may then be used for completing the estimation : after addi- 
tion of t he ferric, solution and nitric acid, thiocyanate solution is added until a de- 
cided coloration is obtained, and the liquid shaken until the colour disappears, the 
process being repeated until a faint colour remains after shaking ; or excess of thio- 
cyanate is at once added, llie liquid well shaken, and the thiocyanate in excess 
titrated by silver solution, which should be added either until a faint brown colour 
remains, or else in slight excess, the excess being then titrated back by thiocyanate. 
The latter method is the more rapid, but the two give almost identical results. 

Detection and Estimation of the Halogens when Thiocyanates are present . — To 
detect and separate the halogens, the thiocyanates must first be destroyed. To effect 
this, when a chloride is present, the precipitate obtained by excess of silver nitrate in 
the solution acidulated with nitric acid is filtered off, well-drained, and heated, 
together w^th the filter, with sulphuric acid diluted with half its volume of water, 
until tlio precipitate unites into black masses ; a few drops of nitric acid arc then 
ailded, and the heating continued. On diluting with water, all the chlorine remains 
as undissolved silver cliloride, whilst the silver thiocyanate has been completely de- 
composed. Another plan is to dissolve 2 or 3 grams of the thiocyanate in 400 or toOO 
c.c. of water and heat on the water-bath, wdth occasional addition of nitric acid in 
small quantity as long as it produces any further reaction : the mixture is then 
furt her heated, the water lost by evaporation being replaced, until a drop no longer 
gives the thiocyanate reaction with a ferric solution decolorised by nitric acid. The 
litjuid made alkaline with ammonia is eviporated to two-thirds of its bulk on the water- 
bath, and is then ready for precipitation by silver solution. By proceeding in this 
manner the thiocyanate is entirely destroyed, without loss of chlorine. If only a trace 
of chloride has to be detected, it is better to warm with nitric acid in a less dilate 
condition un^il evolution of gas censes, add excess of sodium carbonate, evaporate to 
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dryness, ignite the residue, take up with warm water, and tost with silver nitrate, 
after adding excess of nitric acid. The methods above described are inapplicable 
when bromine or iodine is present, as they would cause loss of these halogens. The 
silver pr^pipitatc may then be digested in a sealed tube with nitric acid for three or 
four hours at 160*^, and the liqifid diluted with water; or the substance may bo fused 
with potassium nitrate and sodium carbonate, a largo excess of tlie latter bei'ig used 
to avoid explosion. The latter methotl is bettor modified by mixing tin? si^stance 
with sodium carbonate, both being perfectly dry, and gradually dropping the mixture 
into fused potassium nitrate. * 

Separatum of bhloride and Iodide, — If a niixtui^s of silver chloride and silver 
'iodide is mixed with ammonia in excess and sufficient ammonium thiocyanate.'*”^ 
'digested at ordinary temperatures for an hour, the chloride Is ccjinpletely tlecomposed, 
the iodRlo remaining quite umiltc^red. On acidifying with nitric acid and washing tliv.. 
precipitate, the chloride will be contained entirely in the filtrate together with thio- 
cyanate; the iodide will remain as insoluble silver iodide mixcdi with silver thio- 
cyanate. After destroying the thiocyanate in the filtrate and precipitate respectively 
by the methods above given, the chloride may be titrated ^y the thiocyanate process, 
and the iodide w'cighod. 

Eafimaiion of the Hatogenn in Organic Componnd.s.- — The thiocyanate method is 
remarkably w’eil suited to the estimation of halogens in organic substances, the 
organic matter being previously destroyed and the halogen hronglit into the form of 
an inorganic compound by either of the onlinary methods,* provided no loss of the 
halogen is incurreil. Combustion wilb lime free from ha, logons is quite? trustworthy ; 
but Volhard prefers mixing the sub.slar.co w'itli forty times its weight of mixture 
..f sodium earhonatc with twice its w'cight of potassium nitrate, and burning in a 
covered crucible, or in an inclined combustion lulio, according to (ho nature of the 
substance. These salts are chosen as being easily obtained free from halogens. In 
the case of very volatile substances, a layer of potassium nitmto is placed above the 
mixture containing tlic substance, and is fns(;d before iie<iting the mixture. 

Another method of estirpating tin? balpgen cleinonts-in organic compounds is given 
by E. Kopp {Ikut. Chem. f/V.s. Hrr. viii. 769). The substance mixed with purc/cme 
oxide is introduced into a combustion-tuh'- about (50 cm. long and 6 to 6 mni. in 
diameter, so as to form a loose layer from 12 to 13 cm. long; above this arc placed 
several coils of fine pianoforte wire, and the rest of the tube is filled w'ith dehydrated 
sodium carbonate. The part of the tube containing the iron wir(? is then heated to 
redness, and the licating is gradually extended to the closed (uid of the tube, 15y 
this treatment, the organic substance mixed with the ferric oxide is completely de- 
composed, ainl the halogens are retained in the form of woii-conipoiincls having but 
little volatility. The tube is then left to cool, cleaned on the outside, and cut into 
fragments on a sheet of paper; the fragments are boiled with distilltd w'ater; the 
filtered liquid is acidulated with nitric .acid; and the halogen-element contained in it 
is precipitated with silver nitrate in the usual way. This mode of treating the con- 
tents 01 the tube is apt liowever to be attemlcd with loss, partly from the flying off of 
small glass splinters, and partly from the deliquescence of some of tin? halogen salts, 
in consequence of which they an? absorbed by the paper. To obviate these sources 
of error, Klobukowski (Ser. x. 290) modifies the latutr part of the manipulation by 
removing the tube from the furnace while it is still hot (but no longer red-hot), w^iping 
it rapidly with a dry cloth, closing it with the finger, and plunging it into a tall 
beaker one-fifth full of distilled water, ^vhereby thd* hot part of the lube is ])roken 
into small fragments. The cold part containing sodium carbonate is then W'ashed 
out with distilled W’Ster; the contents of the beaker, together with the w^ashings, are 
heated in the water-bath for 30 or 40 niimitrs ; the liquid is filtered ; the residue 
washed with hot water ; and the solution of sodium chloride, bromide, ordodide thus 
obtained is precipitated wdth silver nitrate. 

KA8CKZSCH. This substance, obtained from Indian hemj) (CannahU indica)^ 
has been examined by Prcobra.schensky {Uim. Zdischr. Vhipn. 1876, 705), who has 
obtained from it, together with resinous substances, a volatile base which in external 
appearance and the properties of its salts bears a strong resemblance to nicotine. 
The same base is obtained by dial illin^ ^he herb with water. 

BATCHBTTO&ZTB. ftee Niobat£s. 

» Catius's method of heatinff the organic substance with nitric .T.cid in a sealed tubo,modiflod by 
addition oi a known quantity of silver nitrate, d«(js not give good results, as the violent escape of gas 
which tak(?s place on oiwning the tube is apt b? occasion loss of licpiid ; and moreover the silver pre- 
dpitate, at the high temperature of the reaction. Is brought into a verj' dense state, which renders the 
washingoutof the e.xccss of silver nitrate a matter of great difficulty. A further objection to the 
process is that it ulfords no means of aseextaining wlum the decomposition is complete. 
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BAUYXr* A microchpTnical reaction of minerals belonging to the haiiyn family 
has been observed by A. Knop {Jahrh.f. Min. 1875, 74). When a thin section of a 
rock in which these minerals .'ire present is heated for a few minutes in a platinum 
crucible with flowers of sulphur, the cross sections of liauyn and noscan jexhilnt a 
fine skj^-bluo colour-; Whether this reaction is likewise exhibited by soilalite has not 
yet been ascertained, but it does not occur with the felspars, or with nephelin, loucite, 
apatite,' of nati’olito. > 

HBAT. Thbemomethy and CALoniMFiTRY. Zero-point of ThernwTMters. — For 
tlio determinatwn of this poipt of the scale, C. Tellier {Co^npK rend, Ixxv. 572) 
j’ocomniends the immersion of the thermometer in water which has been cooled down 
with^kit solidifying, to a few degrees below 0‘% and then made to freeze by agitation, 
.pr diy the introdiwtion of a fragment of ice, a*? the water is tljeroby brought bac!£ 
exactly to 0°, whereas water obtained by the melting of ice may have a temperature 
somewhat higher than the ice itself. B. F. Craig, on the oUier hand {American 
Chemist^ 1875, iii. 325), objects to this method on the ground that the true zero-point 
is not the freezing point of water, but the melting point of ice; and this maybe 
determined by plunging tiio instrument into jnelling snow, taking care that no water 
collects round the bulb. The excess of temperature sometimes indicated by thermo- 
meters is, for the most part, due, not to an originally incorrect determination of the 
zero-point, but to a contraction of the bulb whicli takes place in course of time. 

T. M. Morgan {Chem. News, Ill) observed that a thermometer which had 

been used for several days in di.stillations, and completely immersed in the vapour, 
sliowed temperatures 3° too low, in consequence of evaporation and precipitation of a 
portion wf the mercury on the upper part of llio tube ; but by allowing the mercury to 
run down to the end of the tube, the condensed portion was ro-collcctod, and the 
instrument then gave correct indications. In (leissler’s thermometers a small 
quantity of hydrogen is enclosed, ia order, to prevent the volatilisation of the 
mercury. 

On the determination of” the Freezing and Boiling Points, sec also Wicbo, as 
report ed by Lowcuherz {lier, 1877, 409—174, G17 ; Jahrcsh.f. Ckem. 1877, 91), 

Differ enlial Thermometers. — L. Pfaundler (Wien. Acad, Ber. [2te Abth.], 
Ixxii., Doc. Heft.) explains the theory of*cho modified forms of Borthelot’s ditferontial 
air-thcrmomot<T (Ia/ Suppl. 6G3), which ho introduced some years ago, in order to 
eliminate the infiiicnce of barometric changes on the indications of the instrument. 
The parts common to the several forms jiro as follows : In the space whoso tempera- 
ture is to be determined, i.s a glas.s vessel V, communicating by mean.s of a vertical 
capillary prc.ssuro-gaugo with a second vessel V', whoso temperature is known and 
is kept constant. At 0°, Clio vessels V and V' contain portions of air having a definite 
ratio of pressure. As long as this state of things is maintaineil, and the temperature 
in V' remains constant, the temperature to bo measured is dotiu-mined solely by 
the difference of height A of the two columns of mercury. Thi.s being known, it i.s easy 
to deduce a general formula applicable to all thermometers of this kind, the individual 
forms of whicli are included in it as special cases. 

Let t be the unknown ordinary temperature of the vessel V. 

I.’ „ ab.iolute „ „ W 

// the known ordinary temperature of the vessel V'. 

T' „ absolute „ „ V'. 

P the gas-pressure at 0° in tlio vessdl V (in millimeters). 

V' V' 

h the observed difference of height., at of the two mercury columns. 

The sjgn of k is to be considered positive when the pressure of the mercury-column 
is directea on the air in V. 

We have then P(1 + a<)=5P'(l + o^') + h : whence, in centigrade temperatures. 



or, more simply, in absolute temperatures. 


T = ?T' + 4*- 
P oP 


are magnitudes which remain constant so long as 

the filling of the instrument does not vary, it is clear that the absolute temperature 
to be measured is the sum of two quantities, one of which is proportional to the 
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absolute temperature of the space V', the oilier to the difference of height h. The 
preceding formula shows that in all cases the delicacy of the instrument, i.e. the 
increase of h for a rise of toraperatiu’o of 1°, depends alone on P, and therefore on a 
quantity •^uite within the control of the iiistrumont-niaker. Pfauiidler’s paper contains 
a full description of the several c’onst ructions, and gives the proportions of filling for 
P = F, P<F, P>F, and P*»0. 

Pykometkrs. Siemens's Electrical Pyrometer depends for its action on the 
regular increase of electric resistance in a metallic conductor, produced by rise of 
temperature. It consists essentially a platinum spiral, duly p.otocted, and so 
. arranged that its resistance to an electric current can be measured while it is exposed 
to the temperature to bo estimated {DingL yoL J, ceix. 419). * 

From experiments conducted l»y‘ a Committee of the Prilis^ Association, "uid 
reported by G. C. Foster, these pyrometers, after once or twice heating, exhibit an 
increase of resistance, but afterwards do not appear to undergo further alteration 
(Chenu News^ xxviii. 173). From further experiments conducted \/jf Foster, liowovcr, 
it appears that when the platinum spiral is protected by an iron tube, the instrument 
does not give constant results, on aecoirit of the great increase of rcsist<iiice produced 
by heating. If, on the other liaiid, the use of iron bo avoided, the indications of tho 
instrument are sufficiently exact for most industrial applic.ations. A full description, 
with drawings, of tho electric pyrometer is given by Siemens (IHngl. yoL J. ccxvii. 
291-297). 

An air-yyrometer^ provided with a condensed air pressure-gauge, is described by 
G. Codazza {Dingl. pol. J. ccx. 255). 

A calorimetric ‘pyromckr^ for the mcC.surement of high temperatures, is described 
by J. Salleron (Monit. Scirnt. [.i], iii. 841 ; Chem. Neivs, xxviii. 77). A cylinder of 
copper or platinum, surrounded by an envelope of the same nu'tal to diminish tho 
loss of heat by conduction or radiation, is rai.sed to the temperature to bo determined, 
and then quickly plunged into tln^ water of a calorimeter. Tho temperature of the 
water is then noted, and the temperature to ])e determined is calculated from it by 
known methods. „ „ 

An acoustic pyrometer, for measuring changes of temperature by the alterations 
thence resulting in the number of wave-lengths of the air in tubes, is described by 
A. M, Moyer {Pogg, Amu cxlviii. 287 ; Phil. Mag. [4], xlv. 18). 

A modification of Bunsen’s ice-calorimeter {2nd Sujypl. 595), in w'hich 
common ice can bo used instead of pure snow, and the observations are made with 
greater facility, is described by Schiillcr a. Warlha {Per. viii. 1011). 

Berthclot {Ann. Chim. Phys. [5], x. 168, 391, 44/-458) describes a number of 
calorimetric instruments for measuring the quantities of heat given out in tho absorp- 
tion of gases by liquids ; also au apparatus for determining the specific heat of liquids 
{ibid. xii. 559). 

Specific Heat. 

a. Of Solids,' (1). Carbon, Boron, and Silicon. — H. F. Weber has continued 
his researches on the specific heat of carbon at different temperatures {2nd Suppl. 
596), and has made similar observations on the specific hcjits cf boron and silicon 
{Jahresb.f. Chem. 1874, 04). 

The following table exhibits the true specific heats yt ‘>1’ these dements, deduced 
from the mean result s of the several groups of experiments, together with a c.omi)arison 
of the mean heat-capacities C«-t of lamiilar graphitc'^and amorphous charcoal : 


Diamond 

Grajihitc 

Oy8Lallis(.-(l llonni 

Crystallised fc>ilie(ni 

y—wu — 0’0635 

7-.w-:i 

0*1138 

7-:w-6 - 

01915 

7_:,9.8 = 0*1360 

7-10-6 0’09»')5 

7-10-7 

0*1437 

72fi-6 

0-2382 

721-6 0*1697 

7107 0'1128 

710 -s 

0*1604 

770-7 

0-2737 

7W1 ^ 0*1833 

733-4 0*1318 

761-3 

0*1990 

7l‘^5’S 

0*3060 

7.H6-0 0*1901 

7M-3 0 1532 

7138-0 

'0*2542 

71772 

0*3378 

712H-7 0*1964 

7H0-f. 0*1765 

7201*6 

0*2966 

7233-a 

0*3663 

71HC3 0*2011 

7140-0 0*2218 

7ao6i 0-2733 

7249-3 

0*3250 



7239*4 0*2029 

7SM7 6 0*3026 

7606-7 0*4408 

7806-6 0-4489 

7w6*o 0*4689 






Laminar Graphite 

Dense amorphous 

Porous Wood-charcoal 



charcoal 



Co-81 -6 * 

0*1605 



(^’o-23*5 

= 0*1653 

Co-89-O = 

0-1904 

Co-fHro = 

0*1906 

Co-99-2 

= 0*1935 

Co-wft-.'i ~ 

0*2350 

Co-220-S = 

0*2340 

Co-223 -6 

= 0*2385 • 
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The facts and general points of viow estfiblishod hy the experimental results above 
recorded, may be arranged in the following groups : 

(1) . The specific heats of the isolated elements, carbon, boron, and silicon, vary to 
an extraordinary ayiount with change of temperaU;re. From the lowest 'attainable 
teinpei 3 p,tures, the specific heats of those elements increase regularly as the temperature 
rises, ^ill, from a certain temperature upwards, they remain nearly constant. I'or 
carbon, \)lus temperature is near 600°, for silicon about 200°. For a rise of tempeva- 
turo from —50° to 600°, the specific heat of carbon increases to seven times, and that 
of boron to 2-.'>»times its value, at the lower temperature. The tpccific heats of the 

^ fdementary bodies are indeed, for the most part, not constant quantities, but arn 
iiiflilbncod by the pliysical stjito of the elements as much as by their clieniical nature. 

,^Tho assumption hitherto made by physicists tliat the influence of temperatu]je on tlifi 
specific heat of the elements is quite insiguificant, and easily explicnblo by the altera- 
tions of molecular structure produced by heat, and that, in regard to tho fundamental 
law relating to \Iio specific heats of tho elements, it may be completely neglected, 
must, for tho future, be regarded as untenable. 

(2) . The final and nearly constant valuos'whicli tlic specific heats of carbon, boron, 
and silicon attain with increasing temperature are, in round numbers, 0-46 for C, 0 50 
for II, and 0*205 for Si. The products of those numbers into tho atomic w'eights of 
tho throe plomcnts deduced from vapour-density dotermi nations, aro 5*5, 5*5, and 5*8, 
niimb(?rs which approach nearly to the atomic heats of tho metals and of the other 
solid non-motallic bodies (aluminium 5*7, sulphur 5*5). Carbon, boron, and silicon 
enter thereforo at certain temperatures into tho range of the Dulong-Fetit law, and 
conform'to it at all higher temperatures. T%is law of the specific licats of tho solid 
nloments may now therefore b(* regarded as universal. The usual mode of .stating it 
requires, however, to bo somewhat altered, perhaps as follows : 

The specific heats of the solid demenh vary with the temperature ; and for each 
clement there is in the scale of temperature a certain point t°, alme which the variation 
of the specific heat with increasing temr^rature beconies qiiitQ insignificant, — The 
product of the atomic weight into that value of the specific heat which holds good 
for temperatures above yields, for al]« the solid elements, a nearly constant value 
comprised between tho limits 5*5 and 6*5. The smallest quantities of tho elements 
carbon, boron, and silicon, hitherto found to enter into the molecules of their gaseous 
compounds, viz. 12, 11, and 28, are not multiples of the atomic weights of those 
elements, but the true atomic weights themselves. 

(3) . All the opaque modifications of caibon (tho graphitic, dense and porous forms) 
exhibit the same specific* heat ; tho opposite assumption hitherto admitted rests on 
defective investigations. Below rod heat there exist in a thermic point of view, only 
two allotropic modifications of carbon, the transparent and the opaque. Tho specific 
heats of those two modifications differ the more widely as tho temperature is lower, 
and as the ten 4 peraturo rises they steadily approach one another, till at 600° and 
above they beconfe equal. From red h^t upwards, there are, so far as specific heat 
is concerned, no allot ropic modifications of carbon ; from tho point of the temperature- 
scale at whicli the<:tf)ptical dj^eronce between the two modifications of carbon vanishes, 
the thermic difference likewisb disappears. 

Mixtor a. E. S. Dana (Liebig's Annalen, clxix. 388), by means of Bunsen’s ice- 
calorimeter, find, for the specific heat of boron, tho number 0*2518; of silicon 
0*1710 ; of zirconium 0*6660 [at what tcifiporatiires ?] 

Schiillep a. Wartha, by means of tlioir ice-calorimetor (p. 925), have found the 
specific heat of distilled zinc =0*09393; thatof artificial titanic anhydride 
= 0*1785 and 0*1779, and that of native rut’ilo =0*1737. 

On tile specific heats of Cfcnwm, Lanthamm, and I)idymium, see p. 418 ; of 
Gl'iicinunit p. 868. 

2. Of Alloys. — Tho specific heats and expansions of several fusible alloys have 
been determined by W. Spring (Ann, Chim, Phys, [5], vii. 178-228), with the follow- 
ing results. The specific gravities are reduced to the vacuum and to 4° ; the volumes 
to0°. 
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Eoso’s Alloy. 


'pi = 48*9; Sn = 23*6; Pbi— 27*0 per cent.- 

-Sp. gr. -- 9*5125. 

Temporuturp 

c*. 

Volume 

Heat 

29-0'’ 

1*00682 

0*0474 

^ 38-0“ 

1*01295 

0-0562 i 

68-2° 

1*00700 

0*0545 

100 0° " 

1*04.500 

1 

0*0881 


DWreet’s Alloy. 


Bi = 49*2; Sn =*= 21* 

2: Pb --= 27*6 per cent. 

-Sp. gr. 9*6401. 

Ti-mpomtui-e 

Volume 

Spwufic Heat 

29*0° 

1*01485 

0*rJ621 

35*0° 

1*01825 

— 

11*,5° 

V01600 

0*0528 

60*5° 

1*02493 

0*0650 

101*.3° 

1*09980 

0*8901 


Lipow'itz’ Alloy. 


.50*0; Sn = 1*2*8; Pb 

= 26*9; Cd -- 10 4 per cent. — Sp.gr. = ' 

Tem]x:r.'iture 


Specific Heat “ 

28*0° 

1 03210 

O'Ofi.'M 

50*0° 

1*00115 

0*0544 

90*5° 

1*05042 

00625 


1 

Wood’s Alloy. 


55-7; Sn = 13-7 ;'Pb 

= 13*7 ; = 16*8 per cent. — Sp.gr. = ! 

Temperature 

Vohipie 

PpeciDc ITeat 


1 00265 

0*0575 

93'0'’ 

1*03735 

00918 


These numbers show that the alterations of specific heat in the alloys mentioned 
follow the alterations of volume produced by heat, independently of the temperature. 

i3. Specific Heat of Xilquids. 1. Of Mercury. Accordinj^to A. AVinkolmann, 
Pogg. Ann. (clix. 152-16.')), the specific heat of mercury diminishes with rise of tem- 
perature. Between 49 6° and rj’7® it is 0*03312, and between 142*2° and 2.')*5° it 
is 0*03278. Calculating from those numbers the values of the constants in tlio 
formula, C =C +at, w'c find C =0 03336; a— — ()*()00()0()9. 

2. Of W a t c r. J. Eo6.scha {Pogg. Ann. 1874; Juhelbd. .'519 -557) has endeavoured, 
by means of his own observations on the expansion of mercury {jyifg. Ann, KrganM. 
v. 276; Jahresh f. Cham. 1869, 82, 83) and the detiiiled account of Ecgiiuult’s 
observations, to idiminato from the experiments of the latter on the specific heat 
of water (iii. 34), the errors which he supposes to have urisen from uncertainties 
in the temperature-determinations on which the re&ults wore founded. The follow- 
ing table exhibits a comparison of Regnault’s values with Eosscha’s correct ed values, 
and likewise those calculated from the formula: 

c = 1 + « f ‘ -is) 

in which, as a mean calculated from forty of Regnault’s observations, 5 = 00022. 


Limits of 

Mean Sp. Heat 
acxsordiuff to 

Corrected 

Calculatotl 
from the 


Temperature 

Rebuilt 

sp. Heat 

formula 

Difference 

110°-20o 

1*0054 

1*0112 

10103 

+ 0*0009 

119°-23° 

1*0063 

l*bl23 

1*0117 

+ 0*0005 

134°-25° 

1*0068 

1*0126 

1*0137 

-0*0011 

167°-26° 

1*0085 

1*0148 , 

1*0163 

-0*0016 

173°-24° 

1*0114 

1*0176 

1*0179 

-0*0002 

188°-29° 

1*0157 

1*0215 

1*0200 

- *0016 


These numbers show that the formula, c = 1 + 0’00022 (^— 18°), represents the 
observations as nearly as can be ex{>jected from these experiments. If it be assumed 
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that the specific heat of water in the neighbourhood of the freezing point varies 
according to the same law as at other temperatures, the preceding formula may be 
replaced, with sufficient exactness, by c»0*00022^, in which the specific heat of water 
at O'’ is taken as unity. » • 

3. Of Saline Solutions. Elaborate experiments on the specific heat of saline 
selutionp have been made by 0. Marignac {^Ann. Chim, Phys, [5], viiy 410), in 
continuation of those already reported (2?w? 601). The results are given in 
the follov^ng table : , 


A 




Chlorides^ PromideSt Iodides 





• 

Specific Heat 

• 

Molecular Heat i 

• 

• Foimula 

Mol. wt. 








50 Aq. 

100 Aq. 

200 Aq. ' 

^50 Aq. 

100 Aq. 

200 Aq' 

Temp. 

HW . 

72-9 

0-8787 

0-9336 

0-9650 

866 

1749 

3544 

20-24° 

K^cr-' . 

149-2 

ro -8312 

0*9032 

• 0-9483 

872 

1760 

3555 

17-22 

} 0-8344 

0-9055 

0-9490 

876 

1765 

3568 

20-51 

KW- . 

238-2 

0-7691 

0-8643 

0-9250 

875 

1762 

3550 

20-51 


332 

0-7163 

0-8301 

0-9063 

881 

1770 

3563 

20-51 

Na-Ol* . ‘ . 

117 

(0-8760 

0-9280 

0-9696 

891 

1779 

3566 

16-20 

} 0-8779 

0-9304 

0-9623 

893 

1783 

3577 

22-62 

Na=Br- . 

•206 

0-8092 

0-8864 

0-9388 

895 

1778 

3573 

20-52 

Na*l* . 

300 

0-7490 

0-8499 

•0-9174 

899 

1785 

3578 

20-51 

. 

106-9 

0-8850 

0-9382 

0-9670 

891 

1789 

3586 

20-52 

CaCl* 

110-9 

(0-8510 

0-9154 

0-9554 

860 

1749 

3546 

20-25 

} 0-8510 

0-9174 . 

0-9660 

860 

1783 

3544 

21-51 

SrCl* . 

158-4 

(0-8143 

J 0-8185 

0-8942 

0-8950 

0-9430 

0-9424 

862 

864 

1761 

1763 

3544 

3542 

21-26 

19-51 

Bad* . 

208 

(0-7 W 9 

0-8751 

. 0-9319 

804 

lliTJ 

3549 

22-27 

i 0-7805 

0-8762 

0-9325 

865 

1769 

3651 

21-62 

Mgd* . 

95*4 

(0-8607 

0-924^^ 

0-9581 

867 

1752 

3540 

18-23 

Jo -8665 

0-9235 

0-9594 

862 

1750 

3547 

22-52 

MnCl= . 

12 S 9 

0-8510 

0-9164 

0-9526 

873 

1763 

3549 

19-62 

Nid* . 

130 

0-8310 

0-9017 

0-9541 

856 

1740 

3525 

24-56 

Cud* . 

134-2 

0-8042 

0-9200 

0-9563 

894 

1778 

3671 

19-51 

ZnCl* . 

136-3 

0-8842 

0-9330 

0-9690 

916 

1807 

3583 

19-61 



10 Aq. 

15 Aq. 

25 Aq. 

10 Aq. 

15 Aq. 

25 Aq. 


N'^n^Cl* . 

106-9 





0-8134 





453 

20-52° 

Cad* . 

110-9 

0-6176 

0-6741 

0-7638 

179-6 

256-7 

422-8 

21-61 

MgCl* . 

96-4 

— 

0-6824 

0-7716 

— 

249-4 

421 

22-52 

NiCl* . 

130 

— 

— 

0^7351 

— 

— 

426-4 

24-65 

CuCl* . 

134-2 

0-6241 

— 

0-7790 

196-1 

— 

455 

19-61 

ZnCl* . 

136^3 

0-6212 

• 

0-7042 

0-7960 

196-5 

286-1 

466-7 

19-61 




nitrates. 







50 Aq. 

,100 Aq. 

2 e 0 Aq. 

60 Aq. 

100 Aq.| 

200 Aq. 


H*0.N*0«‘ 

126 

0-8752 

0-9273 

0*9618 

898 

17 B 6 

3584 

21-52° 

K*0.W*0» 

202-4 

(0-8320 

0-9005 

0-9430 

917 

1803 

3586 

18-23 

) 0-8335 

0-9028 

0-9475 

919 

1808 

3603 

22-62 

Na*0.N*0» • . 

170-2 

(0-8692 

0-9220 

0-9545 

930 

1816 

3599 

18-23 

JO -8712 

0-9220 

0-9576 

932 

1816 

3610 

22-62 

N*H«0.N*0» . 

160 

0-8797 

0-9293 

0-9610 

932 

1821 

3614 

20-62 

Ag*0.N*0» . 

340 

0-7605 

0-8491 

0-9131 

931 

1817 

3598 

26-62 

CaO.N*0* 

164 

• 0-8471 

0-9116 

0-9511 

901 

1790 

3580 

20-25 

1 0-8463 

0-9110 

0-9510 

900 

1789 

3580 

21-61 

SpO.N*0» 

211*5 

|o-8169 

. 0-8903 
0-8906 

0-9400 

( flf 392 

908 

1791 

1791 

3583 

3580 

21-26 

19-61 

BaO.N*0* 

261 

I z 

— • 

0-9304 

0-9294 

__ 



3592 

3588 

21-26 

19-61 

Pb0.N*0» 

331 

| o -7607 

0-8610 

0-9162 

924 

1813 

3602 

21-26 

] 0-7500 

0-8607 

0-9173 

923 

1813 

3606 

18-61 

^IgO.NK)* 

1486 

(0-8501 

0*9133 

0*9646 

891 

1780 

3578 

17-22 

) 0-8617 

r 0-9146 

0-9637 

893 

1782 

3675 

21-62 


Zrd Bup, 3 P , 
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Nitrates . — Conti nued. 


Fomulii 


* *■ Specific Heat j 

Molocniar Heat 


JiLOl* Wt. 

/■ 










50 Aq. 

100 Aq. ' 

200 Aq. 

50 Aq. 

100 Aq. 

200 An:' 


MnO.N'‘’0- . 

179 

0-8320 

0-9027 

0-9473 

898 

1786 

3580 

19-61® 

NiO.N-0^ 

183 

0-8228 

0-8949 

0-9409 

891 

1772 

3559 

24-56 

CuO.N-O^ 

187-2 

0*8256 

0-8992 

0*9475 

898 

1788 

3588 

18-50 

ZnO,N-0^ 

189-4 

0-8234 

0-8990 

0*9461 

897 

1789 

3585 

20-52 



10 Aq. 

15 Aq. 

25 Aq. 

10 Aq. 

16 Aq. 

25 Aq. 


H20.N=0» 

12G 

0-7212 



0-8043 

220*7 


463-3 

21-52 

Na^O.N^O^^ . 

170-2 



0-7299 

0*7946 

— 

321 

492*6 

22-62 

N=H»0.N=0® . 

160 

0-6942 

0k»7437 

0-8090 

2d6 

319-8 

493-5 

20-52 

CaO.N^O* 

164 

0-6255 

0*6856 

0-7597 

215-2 

297*5 

466-5 

21-51 

MgO.N-'0» . 

148-6 

— 

0-6777 

0-7568 

— 

283*7 

453 

21-62 

NiO.N-O^^ 

183 

- 

— 

0-7171 

— 

— 

454 

24-65 

ZnO.N^O* 

189-4 

0-5906 

0-6410 

0-7176 

218-2 

294-5 

459 

20-62 

H^O.N^O* + 

5 Aq. ; 

Sp. Heat 0*6551 ; 

Molec. Heat 

141-5 


N2H®0.N*0» + 

5 Aq.; 


„ - 0-6102 


1 

152-5 





Sulphates. 







60 An. 

100 Aq. 

200 Aq. 

60 Aq. 

100 Aq. 

200 Aq. 


H*O.SO* . 

98 

0-9155 

0*9545 

0-9747 

914 

1812 

3604 

16-20‘*| 

K-O.SO* . 

174-2 



0-8965 

0-9434 

— 

1770 

3560 

18-23 1 




’iSr 

0-9020 

09463 

— 

1781 

3571 

19-62 

Na^O.SO’ 

142 


0'8763 

0*9250 

0-9676 

912 

W6 

3583 

19-24 i 




0-8784 

0-9270 

0-9596 

915 

1800 

3691 

21-52 1 

N*H*O.SO=‘ . 

132 

0*8789 

0*9330 

0-9633 

907 

1802 

3595 

19-61 

MfrO SO* 

19n’/i 

J 

0-8654 

0-9225 

0-9547 

883 

1772 

3562 

19-24 1 


\.Zt\3 O 


0-8690 

0-9230 

0-9550 

.887 

1773 

3553 

22-62 ' 

MiiO.SO> 

! 151 

0-8440 

0-9125 

0-9529 

887 

1780 

3674 

19-61 i 

NiO.SO* . 

! 155 

0-8371 

0*9102 

0-9510 

883 

1779 

3671 

26-66 j 

CuO.SO* . 

! 159'3 


0-8411 

0-9084 

0-9503 

891 

1780 

3572 

18-23 1 



' 

0-8520 

0*9148 

0-9528 

902 

1792 

3582 

22-63 1 

ZnO.SO* . 

161-4 

8420 

0-9106 

0-9523 

894 

1786 

3582 

20-52 ! 

G0.S03 . 

105-3 

0-9009 

» 0-9457 

0-9703 

906 

1802 

3595 

21-52 

Al§O.SO> 

114-3 

0-9041 

0-9465 

0-9722 

917 

1812 

3611 

21-63 



10 Aq. 

15 Aq. 

25 A(i. 

10 Aq. 

15 Aq. 

25 Aq. 


Na*O.SO» 

142 




0-8191 





485 

21-52® 

N2H"O.SO* . 

; 132 

— 

•0-7385 

0f8030 

— 

297 

467*3 

19-61 

GO.SO* . 

j 105-3 

— 

— 

0-8285 

— 

— 

460 

21-62 

A1SO.SO* 

1 114-3 



0-8400 

— 

— 

474 

21-53 




Chromates. 



1 . 




60 Aq. 

100 Aq. 

200 Aq. 

60 Aq. ^ 

100 Aq. 

200 Aq. 


H»O.CpO» 

118*5 

0-8962 

0-9419 

0-9698 

913 

1807 

3606 

21-53® 

K*O.CpO» 

194-8 

0-8106 

j0*8896 

0-9407 

887 

1775 

8670 

20-51 

Na*O.CrO» . 

162-6 

0*8560 

' 0-9134 

0-9511 

909 

1793 

8579 

21-52 

N»H«O.OpO» . 

152-5 

0*8767 

0-0304 

0-9630 

923 

1817 

8618 

22-63 



10 Aq. 

15 Aq. 

25 Aq. 

10 Aq. 

16 Aq. 

26 Aq. 


H*O.CrO» 

118*5 

0*6964 

— 

0-8251 

207-0 

■ 

469 

21-6^' 

Na*O.CpO> 

162-6 

— 

— 

0*7810 



478*4 

21-62 1 

K»H"O.OpO* . 

152-5 

- 

— 

0*7967 

— 

— 

480 

21-62 
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PhosphcUes^ Arsenates^ Pyropho8;phateSi Mctaphosphatcs. 




Specific Heat 

Molecular Heat 


Formula 

Mol. wt. 









COAq. 

100 Aq. 

aO0»!Lq. ' 

^60 Aq. 100 Aq. 

1 

200 Aq^. 

Temp. 


120 

0 9070 . 

0-9499 

0-9704 

925 

1823 

3610 

24-66“ 


161 

0-8707 

0-9264 

0-9595 

926 

ifTio 

3611 

26-67 


142 

~ 

0-9345 

0-9617 

• 

— 

1815 

3598 

23-54 

• 

•iHiS'’)’ 

186 

0-8550 

0-9112 

0-9500 

928 

1809 

3596 

25-56 

J(I"0*.2NaOO) • 

133 

— 

0-9375 

0-9666 



1812 

3608 

24-55 

UP“Os.Na*0) . 

102 

0*9129 

0-9525 

0-9761 

914 

1811 

3613 

24-65 



10 Aq. 

16 Aq. • 

26 Aq. 

10 Aq. 

15 Aq. 

25 Aq. 



120 

— 

— 

0-8444 

— 

— 

481-3 

24-55 


164 

— 

— 

0-7884 

— 

— 

484 

26-67 

‘(P'O^.Na^O) . 

102 

— 

Aeetatei. 

0*8495 


— 

469 

24-65 

• 










50 Aq. 

100 Aq. 

SOO Aq. 

60 Aq. 

100 Aq. 

200 Aq. 



120 

0-9568 

-0-97te 

0*9874 

976 

1875 

3673 

21-52 

K*0.0*H«0» 

196-3 

0-8572 

0-9170 

0-9550 

940 

1831 

3625 

20-51 

Na'P.OH'O* 

164 

< 

1 

0-9026 

0’9037 

0-9414 

0-943f) 

0-9644 

0-9687 

960 

962 

1849 

1852 

3630 

8646 

20-25 

19-62 

CaO.C^H«0» 

158 

1 

0-8914 

0-8959 

0-9362 

0-9^2 

0-9670 

0-9663 

l943 

948 

1833 

1839 

3634 

3631 

20-25 

22-52 

SrO.C^H«0» .* 

205-5 

0-8505 

0-9127 

0-9513 

940 

1830 

3620 

20-62 

BaO.C'H«0» 

255 

0-8166 

0-8911 

0-9396 

943 

1831 

3622 

19-62 

Pb0.0<H«0» 

325 

(0-79-25 

0-8797 

0-9322 

971 

1869 

3659 

21-26 

1 0-7939 

0-8808 

0-9327 

973 

1872 

; 3661 

18-61 

MgO.C^IPO* 

142-6 

0-9055 

0-9473 

0-9712 

944 

1840 

3635 

21-52 

MnO.C^H“0» . 

173 


0-8937 

0-9371 

0-9G66 

959 

1849 

3647 

19-62 

NiO.C*lPO« 

177 

0-8943 

0-9366 

0-9653 

963 

1852 

3646 

26-56 

ZnO.O*IPO» 

183-4 

0-9138 

09538 

0-9730 

990 

1892 

3681 

19-61 



6 Aq. 

10 Aq. 

25 Aq. 

6Aq. 

10 Aq. 

, 25 Aq. 


H*0.C<H«0» 

120 

0-7320 

0-8220 

0-9157 

153-7 

246-6 

522 

21-52 

K*0.C*H«0» 

196-3 

— 

0-6391 

' 0*7728 

— 

-240-5: 499-4 

20-51 

PbO.C^H«0» . 1 

ms 


— 

0-6824 

■ - 

- 

529 

18 -51 

ZnO.CnPO> + 30 Aq.: 

sp. heat 

0-8764: mol. heat 627. This solution remains 

Bupersaturated at ordinaiy temporatures, like that of load acetate with 25 Aq. For 

I the monohydrate of acetic add wore found, sp. 

heat 0-4932 ; mol. heat 59-2. 




Carbonates. 


• 





LO Aq. 

100 Aq. 

200 Aq. 

60 Aq. 

100 Aq. 

200 Aq. 


K*0.00? • . 

138-3 


0-8458 

0-9104 

0-9513 

878 

1766 

3556 

22-27 


0-8509 

0-9157 

0-9543 

884 

1775 

3567 

21-52 

Ka*o!oo» . 

106-1 


0-9037 

0-9409 

0-9675 

909 

1798 

3585 

21-26 

1 

0-9072 

0-9435 

0-9695 

913 

1798 

5393 

21.52 

‘ ■ 


10 Aq. 

16 Aq. 

26 Aq. 

10 Aq. 

16 Aq. 

25 Aq. 


k;»o.co» . 

isa^ 

0-6248 

0-6831 

, 0-7596 

199 

279 

447 

21-52 

Na^O.CO’ . 

106*1 

— 

— 

rV8640^ 

— 

— 

481 

21-52 



Oxalates. 







60 Aq. 

100 Aq. 

SOOAq. 

60 Aq. 

100 Aq. 

200 Aq. 


<^b*O.CTO* . . 

90 

0-9423 

,0-9653 

0-9814 

933 

1824 

3621 

20-52 

K*0.0«0* . 

166-3 

0-8389 

t)-9083' 

0*9504 

896 

1786 

3679 

21-52 


3p2 
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The following comparison shows in ten-millionth parts the increase of the Bpocifie 
heats of saline solutions between the ordinary temperature and about 30 degrees above. 


Substances 

fiO Aq 

100 

200 Aq 

Substances 

CO Aq 

100 Aq 

200 Aq 

KW.. . 

32 

24 

7 

Ba(NO>V . 





[-10 ’ 

NaW 

19 

23 

27 

Pb(NO*)2 . 

- 7 

- 3- 

11 

CaCl® . 

0 

'20 

- 4 

Mg(KO»)* . 

16 

12 

- 9 

SrOl® . 

22 

8 

- 6 

Km* . 


65 

29 

BaCl*. 

0 

11 

6 

Na*SO* . 

31 

20 

20 

MgCl® 

68 

-10 

13 

MgSO* . 

36 

5 

f 3 

K^(NO»)2 . 

16 

23 

'46 

CuSO* 

109 

64 

26 

Na*(NO»)= . 

20 

0 

31 

Na«(C*n»0)* . 

9 

16 

43 

Ca(NO=*)- . 

-8 

- G 

- 1 

Ca(C=H»02)* . 

46 

30 

- 7 

Sr(NO>)* . 

- 

- 2 

- 8 

rb(C*H =«07 . 

W 

11 

5 





Mean 

21 

16 

11 


So far as these numbers are within the limits of experimental error, it may be in- 
ferred from them that the specific heat of a saline solution iueroasos for the most part 
with its temperature ; and the mean values show that this increase is greater as the 
solution is more concentrated. It must bo observed, however, that these numbers 
show, not the absolute increase of the ^ocific heat, but only the amount by which this 
increase exceeds that of the specific heat of the water, inasmuch as Marigm.c’s experi- 
ments give, in all cases, the specific heat of the solutions as compared with that of 
water between the same limits of temperature. 

The observations above recorded show unmistakably a certain degree of parallelism 
between the several series of salts. The bases for thf» most part range themselves in 
the same scries, although to this rule there are numerous exceptions. For the. greater 
number of salts, fuc expel iments show tSiat the specific heat of a saline solution is 
much less than the sum of the specific heats of its constituents, that is to say the salt 
and the water. This, however, is by no nficans a universal rule, for most of the ace- 
tates exhibit the contrary relation, especially those of zinc, lead and nickel ; solutions 
of acetic acid exhibit a similar departure from the rule. 

Specific Heat of Mixed Saline Sdutions , — The following experiments by Marignac 
show that the differences between the molecular heats of solutions of mixed salts, .and 
those of their constituents, are very small, and do riot exceed the limits of experi- 
mental error : 


K2SO< 

MgSO* 

MgSO< 

Al*(SO‘)s 

K'-'SO* 

Al*(SO‘)» 


j .Single Solutions j 

Molecular 

Heat 

+ 50 Aq 

893 > 

60 Aq 

915i 

100 Aq 

1783) 

100 Aq 

1800$ 

100 Aq 

, 1760 > 

100 Aq 

1770J 

200 Aq 

3555) 

200 Aq 

3660$ 

60 Aq 

893) 

60 Aq 

876$ 

100 Aq 

1783) 

iOO Aq 

1766^ 

200 Aq 

3577) 

200 Aq 

3558$ 

100 Aq 

r 1770) 

100 Aq • 

1772$ 

200 Aq 

3560) 

200 Aq 

365f)$ 

lOdAq 

1770) 

300 Aq 

6436$ 

200 Ao 

.:3660) 

600 

10833$ 

— I. . 


Sum 

Mixwl Solntions j 


Sp. Iloat 

Mol. Heat 

Temp. 

1808 

0*8810 

1814 

20*'-50° 

3583 

0*9300 

3680 

II 

3530 

0*8994 

3630 

17-22 

7115 

0*9443 

7104 

II 

1769 

0*8560 

176f 

21-63 

3518 

0*9187 

3562 

II 

7136 

0-9563 

7140 

It 

3542 

0-9096 

3642 

20-26 

7112 

0-9496 

7116 

If 

7206 

0-0344 

7212 

24-28\. 

14393 

0-9667 

14420 

It 
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HEAT, SPECIFIC, OF GASES. 

On the relations between the Specific Heat of Solutions and Liquid Mixtures and 
the quantities of heat evolved or absorbed in the act of dissolution or of mixture, see 
HuiLT of Chemical Comiiination (pp, 976-97^ 980 and 993). ^ 

•y. Specific B^at of Oases. The dotermintiiiou of the ratio, ==k, of the 

specific^heat of gases at constant pressure to the specific heat at constant volume 
(iii. 40), Ikiis lately been made the subject of numerous investigations. The following 
results have been obtained by Eontgen {Togg. Ann. cx^viii. 580): ^ 

For air, l‘40i3 . . Moan of 10 experiments in which the greatest deviu- . 

^ tious from the mean were +0’0020 and — 0‘0021. 

„ (fO*, A? =1*3052 . , Mean of 10 exD. Greatest deviations + 0*0020 and* 

^ • • -0 0028. • 

„ hydrogen, A: = 1*3852 . Moan of 8 exp. Greatest deviations +0*0045 and 

^ -0*0032. 

E. Wiedemann (Ann. Phys. Chem. [2], ii. 195-217) has investigated the specific heats 
of vapours and their alterations according to the temperature. In the following table 
Co denotes the specific heat at 0° under constant pressure, referred to the unit of weight ; 
2a the alteration produced by one degree of temperuture. For comparison, the same 
magnitudes are given for the vapour of carbon disulphide, as determined by Kegnault ; 
also the specific heats of the corresponding liquids according to Eognault, and that of 
benzene according to Schuller (Pogg. Ann. Ergbd. v. 251) : 


• 

Fapour 

Li(iuid 


<*o 

• 

a 

Co 

a 

Chloroform . . . # . 

0*1341 

0*0000677 

0-23235 

0*000050710 

Carbon Lisulphide 

0*1315 

0*0000963 

0-23§23 

0-000081515 

Ethyl Bromide . . . * . 

01354* 

0*0001780' 


lither 

0-3726 

0-0004268 

0-52901 

0-0002958 

Acetone 

0-29tft 

0*0003869 

0-5064 

0-0003965 

Acetic Ether .... 

0-2738 

0*0004350 

0-52741 

0-0005232 

Benzene 

0-2237 

0-0005114 

0-37980 

00007200 


Those numbers show that the greater the specific heat of any liquid at a given 
temperature, the greater also is that of its vapour. The variations in the specific 
h(‘ata of liquids and of the Corresponding vapours, are of the same order of magnitude, 
and, in a series of instances, nearly equal to one another. 

In the next table, n denotes the number of atoms contained in a molecule of the 
liquids named in the first column ; d the density of the several vapours ; Cq the specific 
li(3at under constant pressure referred to the unit of weight ; Cp and Cy the specific 
heats at constint pressure and constant volume referred to equal volumes (spec, heat 

of air = 1) ; the ratio of the^two ; ^ the ratio of the energy, L, of the progressive 

motions to the total energy, //, contained in the gas ; d the magnitude a (preceding 
table) referred to the volume, its double value representing the alteration of the 
specific heat referred also to the voljime : • 
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SEAT, EXPANSION BY. 

It is remarkable that the variation of the specific heat a' referred to the volume 
increases, for the most part, with the number of atoms in the molecule. 

The difference between the specific heat of the same gas at constant pressure 
and at constant volume is due to, the fact that when the gas is heated under constant 
pressure, and therefore allow’cd to (‘xpand, there is a certain amount of work employed 
in soparafing the particles of the gas, and a certain quantity of heat must be eil:pended 
in performing this work, just as if the gas wore confined in a cylinder with s) movable 
piston which had to be raised ; .whereas, when the gas is heated under oonshint volume 
and therefore not allowed to expand, there is no such work to be done, and therefore 
• all the heat applied is expended in raising the temperature of the glis, that is to say, 
^ in increasing the vis viva of its molecules. Now Clausius has calculated, oq the 
principles of the mechanical theory cf heat, that in a perfect gas the ratio of Cp : c„ 
should have the value 1*67. Hut the numbers in the preceding table show that for al’. 
the ordinary gases and for many vapours, the ratio, as determined hy experiment, is con- 
siderably loss than this, varying from 1*405 for air to 1*078 for etlv r- vapour. Hence 
it may be inferred that when these gases, all of which are diatomic, are heated under 
constant volume, part of the heat is expended in performing, not external work, but a 
certain amount of work within the two-atom molecule. That this is the correct 
view is shown by tho case of mercury- vapour, which is a monatomic gas, and in 
which, as .appears from tho recent experiments of Kundt a. Warburg on the ratio 
between the lengths of the same w.ave of sound in air and in mercury- vapour {Dent. 
Chem. Gcs. Ber. viii. 945), this int(*rior work is not produced, and consequently the 
ratio Cp ; Cy is exactly that which is indicated by theory, viz. 1*67. 

If similar experiments worom.ade oiTthe vapour of sulphur, which at temperatures 
not far removed from its boiling point, is hoxatomic, and on those of phosphorus and 
arsenic, which are tetratomic, it is probable that tho ratio of tho two specific hetits 
would be found to be less than in the ordinary. diatomic gases. 

• 

Expansion nv Hbat. 

1. Of Gases. Andrews (iVoc. Boy, Soc, xxiii. 614 ; xxiv. 465) infers from further 
experiments on tho change of volume of carbon dioxide at different pressures and 
temperatures that, for tho ordinary gaseous state, Gay-Lussac’s law does not hold 
good either at constant pressure or at constant volume ; but that the expansion by 
heat of a body in the ordinary gaseous state, whether it bo measured by the increase 
of volume under constant pressure, or by the increase of ela.stic force under constant 
volume, is not a simple function of tho initial volume or of the initial elastic force, 
but a complex function which changes with the temperatuLO. 

According to Mendelcjefif a. Kajander {Dent. Chem. Ges. Ber. viii. 1681), the 
expansion-coefficient of atmospheric air under a pressure of 750-770 mm. is 
a =0*0036893; in a subsequent communication {Cempt. rend. Ixxxii. 450), tho same 
authors give for the expansion-coefficient under ordinary atmosphere pressure, 
aa 0*0036843. 

Troost a. Hautefeuillo {Comyt. rend. Ixxxiii. 333) have determined tho com- 
pressibility and expansion-coefficients of certain vapours which can bo mixed without 
entering into chemical combination. In the following table, tho ‘ contraction ’ 
signifies the difference betwee'ii the volume as found by observation, and that which 
it should be according to Boyle’s law, when tho pressure is increased from 0*5 to 1 
atmosphere. • • 

Mean Expansion- 

Vapour ? B. P. Conti'action coeffleient 

from 100° from 126° 

at 100° at 180° to 12.5° to 180° 

Silicon chloride . . 59° 2*07 per cent. 0 455 per cent. 0 004^9 0*00399 

Carbon tetrachloride . 78*1° 1*38 „ 1*367 „ 0*00470 0*00414 

Phosphorus trichloride . 78° „ „ 1*548 „ 0*00489 0*00417 

Hence it appears that, for each of these vapours, tho result of a density-determination 
at a given temperature must vary with the pressure, and at a given pressure with 
tho temperature ; and in calculating the ebistic force of a mixture of two vapours, 
of known weight, volume, and tompqri’ture, from tho sum of tho elastic forces of the. 
separate vapours, making UBh of the theoretical data applicable to these vapours 
under low pressure and high temperature, numbers are obtained, tho sum of which 
excels the totjil ptessure found by obselTation. Thi.s is a circumstance which 
requires to be t4ikcn into account in tho determination of the densities of vapours 
mixed with air or nitrogen gas, as in Playfair a. Wanklyn’s experiments on the densit^ 
of nitrogen tetroxido (iv. 76), and thoso.of Wurtz on the vapour-density of phosphorus 
pentachloride {Comyt. rmd. Ixxvi. 
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fixpanston of Mercury. A. 'WuUneT (Pogff. Ann, cliii. 440-447) hmi discusHod 
the experiments of Kognault on the absolute expansion of mercury at different tem- 
peratures (iii. 6G), and has calculated a now formula which represents the experimental 
results more exactly than that of liegnault, er than the formula deduced by Uosscha 
(Pogg. Atm. Ergaur^ngsband, v. 276). The mean (Sfefficient of expansion of mercury 
for temperatures between 0° and 100®, calculated by AViillnors formula, is somewhat 
groatej than that given by Rognault’s formula, and for lower tomporaturci (0®-30®) 
Wiillner’S formula gives a value of the mean coc?fficient about 1 per cent, larger than 
that deduced from the formula of Kognault, thus : 

'• WUllner Kegnault 

I 0®-100o 0*00018253 000018153 * 

0®.-30° 0:00018153 000017976 ^ 

% * • • 

B. table of the results calculated according to the formulae of Kognault, Bosscha, and 

Wiillner is given in the Jahresb. f. Chem. 1874, 70. 

% 

Expansion of Solids. Experiments on the expansion of metals and of 
woods have been made bjf P. Glatzel (Ann. Q^im. Phgs. clx. 497-514; Chem. Soc. J. 
1877, ii. 820), with a new apparatus constructed by Eues of Berlin. The numbers 
in the following table give the increase of length, in millimeters, of bars 1 dcm. long 
for a rise of 1°, so that if a denote the usual coefficient of expansion, i.e. in parts per 
million, these numbers must bo denoted by 100 a. For comparison the numbers 
obtained by Fizcau by his optical method (1«^ 8wpgl. 675) are also given. 



Glatzel 

Fizoau 


• 

f 

0*001322' 


steel 

. 0*001266 

0001101 

0*001095 

Different sorts. 

Iron 

. 000*1387 

0*001210 
0*0011 88 J 


Copper . 

Tin 

*. 0*001705 

0*001696 


. •. 0*002212, 

0*002231 

• 

Aluminium . 

. 0*002351 

0-002318 


Load . 

. 0002936 

0*002924 


Cadmium 

. 0*003121 

0*003069 



In the determination of all these values by Glatzel, both the hmgthening of the 
bar by heating, and its subsequent shortening by cooling down to the temperature of 
the air, were taken into account; and in this it was noticed, as previously found by 
other observers, that the bprs on cooling did not assume exactly their original length, 
but became shorter. 

For woods, the following values of 100 a were obtained in the direction of the 
fibres. 


Maple 

. 0-000502 

Beech 


. 0*000716 

ITombeani 

. 0*000604 

Peiir 


. 0-000721 

Rosewood 

, 0000608 

Oak 


. 0-000746 

Spruco fir 

. 0-000608 

Poplar 


. 0*000761 

Box . . • . 

. •g*000G23 

Mahogany 


. 0-000784 

Elm 

. 0*000635 

Ash 


. 0-000951 

Alder . 

. 0*000699 

Ebony 


. 0-000970 


The peculiarities above noticed in heating and cooling in the case of the metals 
were likewise observed in the woods. 

The expansion of phosphorus has been investigated by I^sati and de Franchis 
{^azz. chim. ital. 1874, 457). The specific gravities of solid and melted phosphorus 
at various 4omperatureB were found to be as follows : — 

Solid Fused 

at 0® 1*83676 at 40® 1*74924 

„ 20® 1*82321 „ 100® 1*69490 

.. 44® 1*80681 .. 280® 1*52867 

The volume-ratio between solid and liquid phosphorus Was found to bo 1*03446 
at 40® and 1*0504 at 44°. For the latter tem^fjraturo^. Kopp fiad previously found 
the value 1*0343 (Liehig*s Annakm, xciii. 129). The volume of solid phosphorus 
at ^°, referred to that at 0®, is given by^hc equation : 

« Vo + 0'000200t + 0*000000115/“; 

the volume of liquid phosphorus betwwn 60® and 280°, referred to that at 60®, by 
V| = V„ + 0*0002969(/-60’)>^ 0-0000002 11&(/- 60)*. 
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Tho mean expansion-coefficient for solid phosphorus is 
K = 0*0003674 + 0•000000211^ 

4 . ' . 

that of liquid phosphorus at OO^jiand above, is ^ 

K = 0-0006167 + 0000000370(^-50). \ 

^ I 

The statement of Schrottcr {^whig's Annalen, Ixviii. 247) that melted phosphorus at 
44° has a higher specific gravity than solid phosphorus at 10^, may be explained ])y 
the contraction whicli attends the partial conversion o*f ordinary into red phosphorus. 

* In tho experiments of Pisati a. do Franchis, this change was as far as possiblt pre-^ 
vented. c , 

Sulphur. — Dospretz found in 1838 that tho expansion-coefficient of molted 
sulphur increases with tolerable regularity as the temperature rises (from 110° to 
250°), II. Kopp {Lubig\^ Annakn, xciii. 129) found the expansion 'between 126° and 
162° to be uniform, but different in amount from that given by Despretz. A new 
determination has been made by 0. cJiim. «7tf/.*1874, 29) by two methods, 

with the dilatometer and the weight-tliermomoter, the result of which is to show that 
at 150° the expansion is not quite uniform, but exhibits only very sligld variations, 
and that between 150' and 160 ’ a sudden and very considerable diminution in the rate 
of expansion takes place, whilst between 160° and 300'^ it increases, Inih so slowly, 
that even at 300° the rate still falls short of the value which it had at 150°. I’he 
moan coefficients determined by Pisati are about I smaller than those of Despretz, 
and (between 126° and 152^) about —Carger than those given by Kopp^ The co- 
efficient of expansion diminishes from the melting point to about 170°, whore it 
attains a minimum, and then exhibits a normal increase. JVIoitessier (Jahresh. f, 
ChevL 1866, 27) attributes these variations to^the formation, during tho heating, of 
the insoliihle modification of sulphur, which lias a smaller coefficient of expansion 
than soluble sulphur. Tho quantities of insoluble Sulphur (in percentages of tlie 
total amount) forn^ed at different temperatures were found to bo as follows : 

143° 148-5° 159-9° 167*4° 170il° 213-5° 249-9° 284*9° 440® 

0 2-54 7’03 14-77 2260 27*09 26*31 29-31 30*27 

According to those numbers, the effect of the less expansible insoluble sulphur in 
diminishing the expansion coefficient of tlie whole increases from 143° to about 200°, 
and then becomes nearly constant. 

Pisati, by heating melted sulphur to 300°, and then coiling it to 125°, obtained a 
curve of expansion agreeing very nearly with that laid down from Moitessior's deter- 
minations. 

According to Scichiloiio {Gazz, 1877, 501), sulphur, precipitated from sodium 
persulphide and purified by repeated crystallisation from carbon sulphide, gives, 
when gradually heated up to 440°, values of the coefficient of expansion agreeing 
with those obtained by Moitessier. 

Eboni te. P. Kohlrausch (Pqg'^. Ann. Erganzbd. d. 314) fiJds that tho expan- 
sion-coefficient of ebonite for 1° is— 

0-0000770 helMrcen 16*7° and 25*3° 

0-0000842 „ 25*3° „ 35-4° 

• therefore a, = 0*000061 + 0*00000076^. 

These numbers show that both tho expansion of ebonite, and the rate of lis incrca.se 
with rise of temperature, are very considerable. In this respect ebonite presents a 
marked contrast to soft caoutchouc, the difference being probably duo to the sulphur 
in the ebonite. A rod of ebonite about 1 cm. thick was found, when heated, to take a 
considerable time to contract to a constant length— an effect which is attributed by 
Kohlrausch, not only to the bad conduction of tho material, but to tho fact that ex- 
pansion by heat, like elastic alteration of form, does not take place instantanoonsly, 
but goes on with gi^ually diminishing'rapidity after the alteration of temperatures 
has taken place, as indeed is indicated by Matthiessen’s experiments on glass rods 
(Proc, Roy. Soc. xiv. 651). « 
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Fusion and Solidification. 


The softening melting points of metalllo 4llloya have been determined hy 
U. Clnelim {MmiiL seknt. [3 1, i v. 424) by the following method: — Two rings of the 
alloy jreo from oxide were fitted one into the other, and suspended by a hooked ir(>a 
wire ill it heated bath of oil or paraffin ; and the temperatures wore noted at wliieli 
the rings first became elongated into ellipsos, then into a vertical strip, and finally 
melted. The fallowing are thw results ; 


Tin » 

Lead 

Softening 

poiutf 

Melting 

point 

2 

5 

18.5® 

189® 

2 

6 

189® 

194° to 195® 

2 ' 

7 

192® 

198° 

2 

. 8 

202® 

208° to 210® 


Melting: Points of Fat and Wax. 0. 11. Wolil {DingL pol. J. ccxvii. 411) 
has determined the melting points of the following kinds of fat and wax, by a modifi- 
cation of the method described by Ldwo {Dingi. pol. J. cci. 250 ; Gkcm, Soc. J. 
1871, 073). 


Ceres ill 

ni. p. 

. 71-35® 

Paraffin . 



ra. p. 

. 49-.5® 

Yelloig wax. 

. 640® 

Spermaceti 



. 46-2® 

While wax . 

. 62*8® 

]V1 niton suet . 



. 45-6® 

Yellow wax in cakes* . 

. 601® 

Japan wax 



. 41*3® 

Stearin 

. 51 -^S® 

Cacao butter . 



. 31-8® 


Melting: Points of Homologous Compounds. The following regularities 
in the melting points of homologous eompQunds have bQon observed by A. IJaeyer 
(I)cut, Chem. Gc». JJer. 1877, 1286). Both in the oxalic series and in the series of 
normal fatty acids, a member having an anoven number of carbon-atoms has, without 
exception, a lower melting point than the acid which contains one more carbon-atom. 
In the oxalic series of acids, tlie molting point of the acids with uneven numbers of 
carbon-atoms rises with increasing quantity of carbon, whereas that of the acids with 
even numbers of carbon-atoms falls, so that the two series meet at a certain inter- 
mediate point. In the fatty acid series, the melting points rise both in the even and 
in the uiieveu series, with<«xception of the lowest members. This is seen from the 
following tjvble, taken from Fittig’s Lchrbuch: 


Melting Points of the Acids of the Oxalie Scries, 


Normal Succinic, C<H®0‘ . . 180® 

Adipic, C«1I'"0» . . 148® 

Suberic, C“U»0< . . 140® 

SoUc, C“H'’'0‘ . . 127° 


Nonnal Pyrotarfciric, C*H®0* . 07® 

a-Pimelie, . 102® 

Azolaic, . . 106° 

Brassylic. . 108^ 


Acetic, 0*11^02 
Butyric, C^lPO® 
Caproic, 

Caprylic, C“H*“02 
Capric, 

Palmitic, 

Stearic, 


Melting Points of the Normal Fatty Acids, 


. +17® 
0 ® 

. - 2® 

. +16® 

. + 30® 

. +62® 

. + 69-2® 


Ihropionic, remains fluid 

Valeric, C*H>»0*, „ 

Oenanthylic, 

Pelargonic, C*H**0- 

Margaric, 


- 10 * 6 ° 
+ 12 ® 

+ 69-9® 


Meltlnfp Points of Metallic Salts. T. Carnolley {Chim, Soc, J. 1876, i. 
489-509; 1877, i. 365-388; 1878, Tra7isactioH8, 273-281) has determined the melt- 
ing points of a large number of metallic salts^hy the two followii^ methods : 

1. The Specif Heat Method . — ^Tho principle of this method is as follows : When 
fi small quantity of the salt is placed in a weighed platinum crucible, and the latter is 
suspended in the flame of a Bunsen’s hifrner or of a blowpipe, the temperature of the 
crucible after a time reaches that at which the salt fuses, if the latter is not beyond a 
certain limit ; and now if the crucible, the instant the salt is seen to melt, be dropped 


* FXotiably mixed with J apem wax. 
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into a know weight of water, of known temperature, and tlio rise in temperature 
noted, then, from the well-known equation for specific heats (iii. 27), wo obtain the 
initial temperature of the crucible at the moment the salt molteil, and therefore the 
temperature at which the fusion occurild, assuming that the mean temperature of 
the crucible is the same as that of* the salt at the moment of melting. (For descrip- 
tion and figures of apparatus, see the first paper above cited.) a 

Solidifying points may be determined in a similar manner, but with this difference, 
that when the salt has completely melted, the lamp is turned out, and the cniciblo 
whilo still suspendetl is carefully watched, and at the moment when the salt begins to 
solidify, dropt at once into the c.alorimetcp, after which the process /Is the same as 
'before. The point of solidification may usually be seen W'iLhout difficulty, but sjjmc- • 
’ Mmes the solidified salt forms a perfec^tly transparent glass, in which case it is very 
difficult;* if not impossible, to tell when the salt becomes solid. In fnat case it is best# 
to place a bright gas flame at the opposite side of the crucible, so that its imago may 
bo seen reflected from the surface of the melted salt, which image, ^the moment the 
salt solidifies, becomes blurred and indistinct, or disappears altogether. 

The following table exhibits the melting and solidifying points of several salts 
determined by this method and the diffofencos between them : 


KNO> 




M. p. 

. 353° 

S. p. 

332° 

Difference 

21° 

KC10» 




. 372° 

361° 

21° 

KCl . 




. 434° 

416° 

19° 

KI . 




.-j 639° 

. 703° 

622° 

17° 

KBr . 




685° 

18° 

K*CO^ 




. 838° 

832° 

6° 


2. The Time-method . — This method depends upon the following principle : If 
three metallic salts, A, B, and C, which fuse at different temperatures, such that A 
fuses before B, and B before C, bo arranged on a cold block of smooth iron, and this 
bo placed in a mufife kept rfc a constant high tomperatiifo, and if x be the number of 
seconds which elapse between the melting of A and B, and y the number of seconds 

between the melting of A and C, then the ratio ^ is approximately constant for the 

X 

same three salts, whate ver may be temperature of the muffle, provided only it is con- 
siderably higher than that at which 0 fuses. This principle affords the means of 
determining the melting point of a refractory metallic salt by comparison with salts 
whoso molting points have been determined by other methods. The following tjilde 
shows the mean results of comparative experiments made 1^ this method and by the 
specific heat mctliod. 


1 Salt 

i 

b 

w 

1 

& 


g 

1 


1 

% 

§ 

6 

o 

a 

1 



Time method 

320 

345 

453 

472 

490 

591 

064 

707 

eSo 

733 

731 

745 

81 S 

Specific heat method . 

315 

345, 

453 

466 

477 

554 

661,710 

1 729 

i 

733 

742:753 

811 

Difference . . • 

+ 5 

0 

0 

+ 6 

+ 13; +37 


- 

-30 

0 

-11 

-8 

+ 4 


Of the two methods, Camellcy considers the one depending on specific heats to be 
the more accurate, since the results obtained by it for the same salt agree iiiore nearly 
among themselves than do those arrived at by the time method, whilo the exact point 
at which the salt melts is more easily seen in the case of the former. It has, more- 
over, the advantage of being entirely mdepevdent of any fixed melting points \ whereas, 
in the time method, the melting points of the standard salts, as found by the other 
method, have to be assumed, so that the results which it yields are not wholly inde- 
pendent. 

The specific heat method is^howovA'f liable to an error arising from the overheating 
of the wire which suspends the crucible, and tending to make the results too high. 
This ciTor may be reduced to a minimum by using a very thin suspending wire. The 
following table gives the melting points of a considerable number of salts determined 
with^ attention to this precaution. The new determinations relating to the salts 
previously examine^! are all lower than those given in the two preceding tables, partly 
from the cause just mentioned, and partly in consequence of a more exact determina^ 
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tion of the hoat-Viilue of the calorimeter used in the experiments. For comparison, 
the melting points of some of the salts, as determined in the ordinary way with the 
mercurial therniumotor (corrected, when not otherwise stated), or by other methods, 
are given in foot-notes. The values detormiliod byjtlle specific heat method are the 
means of scvoral obcicrv’^ations : 


•a 


Halt 

M. p. 

Salt 

6 

M. p’ 

Salt 

M.p. 

(>) t 

146° 

SrP . 

607° 

(PbV^O^PbO 

731° 


186 

Cdb’2 . 

520 

(='>) KCl . 

734 

(»)AgNO». 

’ 217 

(”) Agl . . 

527 

ZiiF^ . 

t 734 


203 

CdCF . 

541 

(*2) RbF . 

753 

(^) JlgBr^ . ^ 

242 

LiBr . 

547 

(“) MoO» . 

759 

(«) T.iNO* . 

267 

Cii(N()*,* 

561 

(2^) NaCl . 

772 

(7) TFGO’ 

27‘^ 

lSu“B‘(F 

561 

KF 

789 

C) . . 

293 

NuVO* • . 

662 

C'*^) Pb» PO®)^ 

800 

(«) SbF‘ . 

292 


562 


801 

('") NaCKF 

302 

TPV(J^ 

566 

^27) pi,2p207 

806 

(»)NiiNO*. 

316 

CdBp2 . 

671 

BaBr^ . 

812 

('«) KNO» . 

339 

Bii(N()=*)‘** 

593 

(-«) Na‘CO“ . 

814 

(•') KCIO^* . 

359 

('») B-0» . 

577 

Li\SO‘ . 

818 

FbP . 

383 

(NaVO»)*F|02 

581 

(='“) SrCl* . 

825 

AgH“‘0’ 

38.1 

(i9)Ag^pW. 

585 

(=‘") K‘CO=» . 

834 

Ag'^V^O'^® . 

384 

LiCl . 

598 

(=«») Na-SO^ . 

861 

Tii2V«0*« . 

.392 

Cu-^P . 

601 

(32)p|,5(.VOI)3Cl . 

a 802 

/nBr2 . 

304 

Nal^O® . 

G17 

Pb(\r()*)'-’ 

a 849 

C<1I=* . 

404 

% Nnl . 

628 

Ag^PO^ . 

a 819 

ij’payiooai 

404 

8rBr- . 

630 

LPPO* . 

a 857 i 

(>2) llg-'llr* ! 

a 405 

CaP . 

631 

* Ba'-V«0^ 

a 863 

rppayiiQu 

408 

TFSO* . 

632 

Na»VO‘ . 

a 866 

lhi(ClO'*)- ! 

414 

(«») KI r 

634 

Na<P‘-'0^ 

aSSS 

TIVO^ . 

424 

Ca(VO»)2V20'‘ 

C37 

NaF . 

a 902 

AgBr . 

427 

Kbl 

642 

CaF2 . 

a 002 

(»») TlCl . 

427 

Sp(N()>)2 

645 

SrF2 . 

a 002 

(» •) Ag>V()‘ 

403°-5G5° 

NaW» 

654 

BaF^ . 

a 908 , 

Cu^Cl* . 

434 

Ag^SO^ . 

654 

CiPF* . 

a 908 ' 

Til . 

439* 

V=*0® . 

658 

MgF2 . 

a 908 

Lil . 

446 

CaBr* . 

670 

ii; T3 i 

decom- 

ZnP . 

446 

IlbBr . 

683 

iJii . -j 

poses 

AgCl . . 

451 

Li^CQs . 

605 


did not 

TIW^O’ 

454 

MgBP 

696 


melt at 

TlBr . 

458 

KBr . 

699 

BiF* . 

804°, pro- 

('i)AgPO». 

482 

NaBr . 

708 


bably de- 

CuCl* . 

t 498 

MgC!!* . 

708 


composed 

('«)FbCl= . 

498 

’ RbCl . 

710 



FbBr-' . 

499 

CaCP . 

719 




The letter a before a number denotes that the salt referred to melts above that temperature. 

(*) 146 ((vamelluy) ; determined by thermometer. (•) ?84 (Comelkiy). 

(’) 219 (this Dictionary, iv. 104); 198 (Pohl, Jahrfsb. 4, 69; not stated whether corrector not. 
Detit^rminet^y covering the bulb of n thermometer with a layer of fused salt, and then placing in on 
cuiply tubolmd heating) ; 218**, resolidifies at 212** (Camelley). 

(*) 200 (Camelley). Anhydrous oxalic ooid. 

(*) 223 (Oppenheim, Clarkes Con9tafU9 of Nature, but reference there given Incorrect) ; 244 (Wil- 
liams) ; 244 (Camelley). 

(") 264 (Camelley). (’) 269 (Williams) ; 272 (Camelley). 

(*) 287 (Williams) ; 288 (Camelley). 

(*) 314 (Braun, Pogg, Ann. 164, 190) ; 810 (Person. Ann. Chim. Phya. 1847, xxi. 829) ; resolidifies 
at 818 (Sohaffgotsch, ^g, Ann. cii. 298) ; 319 (Camelley). 

(“>) 342 (Bifaun, Pogg, Ann. eliv. 190 ; 339 (Person Ann. C^im, Phya. xxl. 329) ; resolidifies at 338 
(Hchaifgotsch, Pogg. Ann. cli. 293). t . . „ . 

(**) 384 (Pohl, Jahreab. Iv. 69), vide under AgNO*. It cannot be correct, since KCIO" melts above 
KNO*. It is not stated whether 884® is oq^tod tempomtnreor not ; if not the correction would 
make It several degrees higher. * .... 

(*“) Did not melt but T 0 latili 80 <l. The temperature given represents that at which all the salt 
had volatilised without melting. It therefore melts above 408. 

(*•) Above 260 (Crookes, Chem. Soe. J. 1864, 139). 

('«) Very difficult to see when it melted. Appeared to soften and melt gradually. 

(»>) prepored by precipitating AgNO* with an excess of NaPO®, the latter being obtained by fusing 
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In the case of some of the salts mentioned in the above tabic, it was impossible 
to determine the melting point in the ordinary way, as they decomposed into metallic 
oxide and free acid, owing to the presence of moisture in the air and from combustion 
of the lamp flame. The met hod jidoptoll, therefore, was to heat the salt in question 
with two or three others of known^melting point on a sheet of platinum, and observe 
between which two it melted. By this means the salt did not appear to doeomposo 
till after fusion, tlie melting point being reached much sooner than when the** largo 
platinum crucible was used. 


Vaporisation. 

Bolilngr Points. A simple apparatus for the exact determination of boiling 
points is described by Bcrthelot {Ahu. Chim. Phys. [5], xii. 502). It consists of a 

long-necked glass flask, having a capacity of 
100-200 C.C. The neck is enclosed in a wide 
glass tube, closed witn two perforated corks, 
and passes through the lower cork ; and the tube 
of a thermometer passes through both, while its 
bulb is wholly immersed in the vapour. The 
lower cork is also traversed by a bent tube, which 
sorv<-s to carry off the vapour to a condenser, 
and thus prevent any excess of pressure in the 
appC’atus. / 

Another apparatus for the determination of 
boiling points under the normal barometric 
pressure is described by H. Biinte {Liebiys 
Annalai, clxviii. 139); and an apparatus ibr 
determining boiling points at all prcs.sures below 
that qf the atmosphere is described by Lothar 
3Ieycr (ibid. clxv. 303). The air is pumped out 
of the distillatory apparatus by means of a 
Bunsen’s pump, and this apparatus is connected 
with a second distillatory apparatus and pump, 
in such a manner that tho action of the pumi) 
st'»ps as soon as tho desired pressure is attained, 
but begins again as soon as any alteration of 
pressure takes place. ^ 

Determination of Boiling Points v)ilh small 
quantities of Substance. — A raetliod for tliis ])ur- 
po-se is described by H. Chapman .lones (Chem. 
Scfc. Jour. 1878, xxxiii. 175), founded on tho 
Bio. 3. l-rinciple— previously applied to the determina- 

tion of boiling points by liegnault — that tho boil- 
ing point of a substance is the temperature at which the leusioii of / ts saturated vapour 
is equal to the standard Jitmosiihcric pressure. A pieces of glass tube, 4 mm. internal 
diameter and 200 mm. long, is bent in the form of a U > so one end, wliicli is 
open, extends at least 15 mm. beyond tho other, which is closed. Tho Lend i.s made 
in the form of a circle about 20 mm. in diameter. The liquid, two or t hree drops of 
which suffice for the determination, is introduced— hy a method described at length in 
the paper above cited — into the closed end of tho (J-tubo; the open end is placed 

mlcroiosmlc salt. Became block on beating ; fused mass, after cooling in w.Tter, was yellow, probably 
from conversion into Ag*PO*. 

(“) 680 (Braun, Pogq. Ann. cliv. 100).- 

P’) 450 (ilDdwell, Cy*em. News, xxxi. 4). This was simply deduced from the fact that it meltcil 
Bomcwluit above the melting point of zinc, 412. 

(‘"I ])illlc:ult to SCO, as it appeared to soften and then melt. 

C*) Became black on heating ; fnsed mass, after cooling in water, was yellow, probably due to 
forriiiitioii of Ag’PO*. 

(-") GGG (Braun, Pogg. Ann. cliv. 190). u ^ ("') 730 (Braun, Pogg. Ann. cliv, 190). 

('■'*) Very ddirpiesamt. Melting pdint very difficult to see. 

(**) White; became very dark on beating (dark-green?), then whitish-yellow. 

(**) 9G0 (Bn4an, Pogg. Ann. cliv. 190). r 

(’‘'‘) Bccom(;s dark gi-cy on heating, and white again at a red heat. 

(“) The melting point was very difficult to see. 

(=*’) Undergoes some change on heating, os Pb(PO*)*. (“") 920 (Bmiin, Pogg. Ann. cliv. 190). 

(*'•') 910 (Bmnn, Pogg. Ann. cliv. 190). (*®) 1160 (Braun, Pogg. Ann. cliv. 190). 

(*') 1280 (Braun, Pogg. Ann. cliv. 190). 

(**) Artificial vaiiadinitc. 
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iindomoath tho surface of some mercury contained in a small porcelain crucible. 
The whole is then slung by. means of copper wire into a water or paraffin bath, and 
tho temperature of tho bath is gradually raised. Tho 
liquid will of course boil and tho vapour wil?»* drive tho 
air before it. On cooling, the whole tube — called a ter^don- 
tuhe — Is filled with mercury, a bubble of liquid occupy- 
ing the top of the bend. The tube is then inverted and 
tho liquid transferred to tho closed end of the tube. 

Any water or paraffin is now removed from the tube, 
and some merc>py emptied from the open limb. .The 
e metl^od of determining tho boiling point is as follows: — 

Tho ‘tube is immersed in a paraffin bath, care being 
.taken that the open end is freely exposed to the air. 

The temperature is then gradually raised, and as the 
temperature approaches the boiling point of tho sub- 
stance, the mercury falls in tho closed limb, the tube 
being gently tapped. At,tho moment tho mercury levels 
in the two limbs are equal, the t(!mporatiiro A the bath 
is taken by a delicate thermometor placed close to the 
liquid in the closed limb. The bath is allowed to cool, and tho temperature at which 
tho levels pass each other again noted ; and in this manner six observations are made, 
the mean of which gives the uiicorrechxl boiling point. 

A.S an example of tho determination by this method of the boiling point of a liquid 
under different pressures, the numbers obtaiijod with carbon disulphide-- usually said 
to boil under ordinary pressure, may be cited : 


Pressure iu mm. 

. 736-0 

744-5 

752-0 

762-0 

B. p. at these pressures . 

. »» 45-1® 

45-6® 

46*0® 

46-3 

B. p. at 760 mm. 

. 460® 

46-1® 

46-3® 

46-2' 


By using a spermaceti bath, boiling points up to 300® may be .determined. 

Another apparatus for tho same purpose is described by P. T. Main {Chem, Neu% 
XXXV. 69). It consi.sts of two principal, parts — a boiler-tube and a pressure-tube. 
Tho boiler-tube is a thin, narrow, glass tube, V-shaped, hormeiically sealed at its 
short end, and open at the long end ; tho short end may be about 2 inches in length, 
the long end about 18 inches. Tlio pre.««.suro-tubo is a vertical glass tube, which cun 
be connected with the open limb of the boiler- tube by a drying-tube, and dips into 
water contained in a wider glass tube : by raising or lowering this wider tube, tho 
pre.ssure within the open ^imb of the boiler-lube may bo made greater or less than 
the atmospheric pressure. The boiler-tube is hold so that the bend of it is its lowest 
point: in this position the liquid to bo operated on is distilled or poured into it in 
such quantity that on inclining the tube, tho air in the closed limb may bo disphiccd 
by the liipiid, which maybe made to occupy the whole of this limb and a small portion 
of tho open limb. By boiling this portion of liquid in the tube sufficiently, all dis- 
solved air or gases may in general bo expelled from the liquid, the space above which 
in the closed limb i.s tlicn occupied by the vapour of tho liquid only. Tho boiling 
point of tho liquid inust bo kY\own or determined first approximately, which is easily 
done by a preliminary experiment ; and it may then be determined accurately (if less 
tlian that of water) by immersing the boiler-tube in water at a temperature a little 
higher than tho boiling point of the liquid, oonnecting it with the pressure-tube, and 
increasing or diminishing the pressure by means of this so as to make it exactly equal 
to that of 760 mm. of mercury at 0®. By carefully lowering tho temperature of 
tlio water till the liquid in the boiler-tube stands at exactly the same level in both 
limbs, aqjJ taking a few observations of the temperature while the liquid is steady in 
the boiler-tube, or oscillating slowly about this mean position, it is possible to deter- 
mine the boiling point at 760 m.m., with considerable accuracy, with so little as 1 c.c. 
of liquid. 

For liquids whoso boiling points are higher than that of water the process would 
necessitate the use of dense aqueous solutions, or of some other liquid which can be 
heated to higher temperaturos than water without boiling or decomposing. 

High Boiling Points . — A method for tfie*^ approximate estimation of the boiling 
points of substances which boil above the range of the mercurial thermometer is 
given by Carnelley and Carleton-Willifims {Chem, Soo. J* [1878], xxxiii. 281). It con- 
sists in noticing whether (^ain salts molt on exposure to the vapour of the boiling 
substances, the melting fmiitB of tho salts determined by Carnelly (pp. 936-938) 
being utilised for the purpose. 

For temperatures below 600® the substance may be boiled in an ordinary distilla- 
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tion flask, provided with a perforated cork, through which pass sovoral capillary 
tubes containing salts which molt at known temperatures. Substances which boil 
above 500° must be lioated in a tube of hard glass by means of tlie blowpipe. The 
tube is he^d in a slanting position,^ and p.isses through a hole in the centre of a piece 
of sheet iron, in order to protect tW portion which is above the Ir oiling liquid from 
the action of the flame. The capillary tubes containing the salts must also b/p? made 
of hard glass. When the vapour of the boiling substance attacks glass, it , is '• often 
difficult to observe whether the salts have melted. In this case it is advisable to 
protect the tubes from corrosion by inclosing them in thin glass sheaths. 

In the following table the boiling points determined by this methrd (Column III) 
Uro compared with the actual temperature (Column IV) measured by a mercurial 
**hermometer, the stem of which was completely immersed in the vjipour of the boiling 
liquid. « Column I contains the formulae of the substances, and 11 the salts used in- 
determining the boiling point. The symbol + is used to indicate that the salt molts, 
and — to show that no change takes place. 

II IIJ j IV Bcinarks 

b02°-316“ 303“ \ I" thi8 Dictionary (in 897) 

- biaNO** > ) the b. p. given is 296°. 

- |316--339'> SID"- 

+ 100 . 011 ^ 9910 5 According to Kopp, 223°. 

- IfgP^ ZZL j Capitaino, 230°. • 

- TTOO* {244»-278‘> 257° 

+ Hgllr* loAAo ‘ n 400 ] Kopp viu)., m. p. 

- 1TG0» i 121*4 ; b. p. 249-2. 


Hgcr^ . . I 

HgBr- . . I 

SbCl- . . j 

Diphenyl . | 

Benzoic acid, ( 

ra.-p. 121° I 


Now on referring to the list of melting points previously mentioned, it will bo 
seen that but few of the salts melt below 30(>° ; for those temperatures, therefore, the 
boiling point cannot bo V^rought within such narrow limits as for higlior temperatures. 
It must also bo remembered that the method is meant to be used only for tempera- 
tures for which a mercurial thermometer cannot bo employed, and in cases where 
merely an approximate knowledge of the temperature is required. The accuracy 
can obviously be increased by determining the melting points of a larger number of 
salts. 

The following numbers show that good results are obhiinod at high temperatures : — 


II III 


+ NaNO* 

Hg. . . + KNO* 339-359° 

- KCIO* 


Sulphur purified^ 

by reciystal- + TII ) 

ligation from ^ + Znl* [■ 446-461 

carbon disul- — AgCl ) 

phide . . J 


Remarks 

The boiling point of Hg has been 
carefully determined by Rcg- 
naujt (jahresf/. xvi. 70) and by 
Dulong and Petit. The former 
found it to bo 357*25°, and the 
latter 360°. 

' Regnault {Relation dcs Exfpk- 
riences, ^c., ii. 627) states the 
b. p. of sulphur to be 447°. Hit- 
torf gives the same number, but 
according to Dumas, ^sulphur 
boils at 440°. Most of the de- 
terminations of the boiling points 
of S and ITg appear to have been 
made by means of the iodine 
pyrometer. 
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Tho method has been successfully applied in friictionating high-boiling hydrocar- 
bons, and in determining the boiling points of tho following substances ; — 


I 


Anthracene, the 
specimen molts 
at 212*5'^ ? 


+ 


II 


KNO* ) 
KCIO* i 


lU 


339 369° 


HgP 

AsP 


( 1 + NaNO» ] 

J I + KNO« I 

( - KCIO® j 

1 1 t- Zrillr^ I 

1|- Pa(G10»)M 


339-359 

394-414 


Bid® 



Ba(C10>)' 

TlCl 

Til 


427-439 


BiBr* 


SbP 


ZnBr2 

PbCl* 

PbBr* 

CdCP 


+ AgCl 
+ TPV*0' 
AgPO* 

- PbCl* . 

- Agl , 


+ PbP 
+ Ba(C10>y- 

- TIOl 

- AgCl 


+ R^Br 
+ Li*CO> 

- KBr 

- NaBr 

+ Na^SO* 


+ Na^SO* 


I- 

} 4S4-498 

) 

■ 417-427 

I 695-690 
Above 861 

I Above 861 


I 

■ ( 
I 

'1 


Remarks 


^ Graebe and Liebernia_in (Lieb. 
Ann., Supp. vii. 264) state that 
anthracene boils a little above 
360°, but they do not describe 
how they measured the tempera- j 
-V turo. 

( Prepared by triturating iodine and 
■I mercury in presence of a small 

( quantity of alcohol, 

j Prepared by subliming a mixture 
I of As and iodine. 

Two specimens, one prepared by 
dissolvi ng bismuth in aqua regia, 
the other by burning the metal 
in chlorine, gave the same results. 
The chloride decomposes slowly 
on long continued boiling ; chlo- 
rine is evolved, and golden needle- 
shaped crystals are deposited. 

f Prepared by the action of bromine 
1 on the pure metal. 

" Propariid by heating a mixture of 
iodine and antimony. Tho crude 
product was purified by sublima- 
tion over metallic antimony. The 
iodide melts at 171° (corr.), and 
decomposes slightly when boiled. 
The vapour has an intense dark 
^ red colour. 


( Prepared in the wet way ; recrys- 
tallised from boiling water ; at- 
tacks ghiss. 

f Does not boil before the blowpipe. 
( Attacks glass very rapidly. 

' Two specimens gave tho same 
results ; a deposit separates out 
on boiling. 


For the following substances a higher temperature is obbiined by immersing the 
salts in the boiling liquid instead of in the vJipour, whereas in the instances given 
above, the same result was obtained in both cases. 
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ZnCP 


TlCl 


Til . 


Od . 


In vaponr 


11 


+ V‘‘05 
+ Cii Br^ 
-KbBr 
-KBp * 

+ Li*CO» 

+ N»Br 
-CaCP 
-KCl 

+ NaCl 
+ Pb(POsy‘-’ 
-Pb'-:p-0» 
-Na^CO* 


+ KC1 
+ Mo(P 
-NaCl 
Na-C(P 


676-083" 




708-719 


800-806 -[ 


763-772 


In liquid 


IV 


+ KBr 
+ NaBr 
-CaCP 


S-CaCP 
-•2(Pb“V2O0PbO| 
-KCl ' 


+ PbT20’ 
-Na-CO^ 


+ ]MoO» 

NaOl begins to 
mowt. 


708-719°J 


719-731 -{ 


806-814 


Romarlta 


772 


Attack/ ^lass, 
and WDecomcs 
turbid on 
boiling. 

Melts to a palo 
yellow liquid, 
wliich changes^* 
to a cherry ‘ 
red, and fi- 
nally again 
turns yellow. 

Decomposes 
slightly on 
boiling. 

Devillo and 
Troost 

{Comjit. rend. 
xlix.4?40)givo 
860° as the 
boiling point 
of Cd, but 
how this num- 
ber was ob- 
tainerl is not 
el early stated. 


Relation of Boiling Point to Chemieal Constitution. — The differences 
of boiling point in metameric bodies are oxpbiiuod by A. Nauinann (Dent, Ckem. 
Gcs, Ber. vii. 173; Jahre.^h. 1874, 1.5) as follows: A comparison of the properties 
of bodies in their different states of aggregation leads to the supposition that a 
liquid molecule is made up of a consideral^le number of gpis-mob'cnles, and that in 
the passage from the liquid to the gaseous stat<‘, the complex liquid molecule is spb't 
up into the simple gas-molecules. According to the laws of universal attraction, the 
gas-molecules which make up the liquid molecule will, under otherwise similar cir- 
cumstances, offl*r a greater resistance to any force tending to separate them, in propor- 
tion as they are more closely aggregated ; and therefore the closer the aggregation, 
the higher will be the boiling point of the liquid. The most easily comparablo 
relations are found in metameric Ixjdies, in which the elementary atoms are the same 
in number and in kind, but differently arranged, espooifilly in tnoso which contaiu 
but a small number of different elements — the hydrocarbons for example — and in 
which therefore the di8turl>ing influence of the different qualities of the atoms is re- 
duced to a minimum ; or in certain oxygenated comp«und.s, which, by their similarity of 
chemical character, appear to have their oxygen-atoms similarly united to the other 
elements. The arrangement of the atoms of the individual molecules in single chains 
admits of a closer packing of those molecules than that which they can assume when, 
in consequence of the presence of lateral chains, the grouping of the atom^approxi- 
mates to the spherical form. The more therefore the grouping of the atoms deviates 
from the rectilinear and approaches to the spherical fonn, the less closely will the 
gas-molecules be grouped in the liquid molecule, and the lower will be the boiling point. 


/Normal Pentane, CIP.CIP.CIP.CID.CIP .... 38° 

PfT 3 

Pentanes, Isopen tone, CH*.CH*.CH^^yp 30° 

Tet ramothyl-methan®, jpQ^ ^ 1^ ^ 

TNormal Hexane, CH».OH* CIP.CIP^CIP.CIP ... 70° 

Isolicxano, . . . . . 62’ 

Hexanes, ^ ttsp ^PTT* 

• Di-isopropyl, 

I^Trimotliyl-cthyl-Tnethane, 43°-48° 
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Alcohols, 

a^ii»«o 


fNormal Butyl Alcohol, CH’.CM-'.OIP.CBr^OlI 
Isobutyl Alcohol. ^'^CH.CH«OH 


ScconcViry Butyl Alcohol, 


CH*- 
CH* 


•CJP 


Tertiary Butyl Alcohol, OOH^CH® 
\01P 


Aci«ls, 

C^P'®0- 


Normal Valei ic (lIl^ClRCIP.CmCOOIl . V . lSo° 

Ordinary A'aliric Acid, {{“^CH—CIi^.COOJl . . . 17.i° * 

/Irimo^thyliicctic Acid, (CIP)*C — C®OH * . . . 1^1” 

•Aldehydes, f Normul Valeraldehvdo, CIRClI-.Oir-.CH'.CHO . . . J02'^ 

I Ordyiai-y Valonildohyde, (CIP)‘OH— CH'-'.GHO . . . 92'^ 

Ketones, ( Methyl-propyl Ketone, TPC — CO-’GIP.CH-.CH* . . 99°-10 jP 

C'’II’“0 i Mcthyl-jjseu^propyl Ketone, H^C — CO — CI1(CH®)* . . 93 /i® 

hifluencc exerted on the BoUituj point of Oxygenated Carhon-cempounds hy the 
jmitio7i of t?ie Oxygen-atom . — This influence, likewise investigated hy Naumann {Ber, 
vii. 206 ; Jahresb. 1874, 17), may bo expressed as follows: In metiimoric bodies of 
similar chemical chsiracter and otherwise corrcsponiling structure, the more nearly tlio 
oxygen stands to the middle of the chain of atoms, the lower will bo the boiling point. 
The following may be taken as examples : — 


116® 

100” 

S9^ 

^ 82-0® 


5^^ 


- rt ss 

;^,2w 
-3 . ifi 


I” 

o 


C‘rr=o 


5 Primary Butyl Alcohol, CIP.CIP.CH'^.CH'^OU 
^ Secondary „ CIP.CUOH.C1I*.OIP 

a.. (Primary Pentyl Alcoh#!, CfP.01P.CH‘'.CH2.CH'‘01I 
^ ^ Methyl-propyl Carbinol. CH*.CIIOH.CH«.ClP.CIP 

rifiiTim } Primary HcxyrAlcohol, C1P(CI12)^CIP0 II . 

^ ^ ) Methyl'-butyl Carbiiiol, CH»jC11OH(CH'O*0H» *. 

flsopentyl Alcohol, (CIP)*CJI~CH2-CH-’On 
Methyl-pseudopropyl Carbmol, CH*.CI1011.CI1(CIP)‘ 

Dimothyl-cthyl Carbinol. CH’.CU*— C0H<^2’ . 

( p ,1 non ( Methyl-propyl ( )\ide, CII^O.CH-.CH-.CH* . 

J Diethyl Oxide, ClP.CIP.O,CH2.CH* 

pen 1 5 Ethyl-butyf Oxide, OlP.CmO.CH-.GH^.CDA CIP . 

^ ^ { IJipropyl Oxide, CH».GlP.CH-.O.CIP.CH*CII» 

P 611 HP i^Iethyl-isopnityl Oxide, CH^O.CH*.CIP.CH(CIP)- 
^lEthyl-isobulyl Oxide, CH^C1P.O.C1P.OIT(CH*)= . 

PiTTion" (Propyl Acetate, Gll*.CO.O.OH‘.Cir‘.GH‘ 

^ Ethyl Propionate, CH».CH» CO.O.CH’-.CH» . 

Butyl Acetate, •011=*.GO,O.CH'-.G11-*.CH-.GIP 
C«ll‘-0'' Propyl Propionate, CIP.ClP.CO.O.Cll^Cir^CK* . 
Ethyl ButyiMte, CH^CIP.CH-^.CO.O.CH-.OIP . 

! P 7 n nP 2 1 Butyl 1 ’ropionate, tllP.GlP.GO.O.CH-.CH-.CH-.Cir’ 
1 Propyl Butyrate, (TP.GH’-\CH-\GO.O.CH'-.OH*.Cai" 


116® 

99'^ 

137'* 

12(P-123° 
lo0°.-ir)G-tl® 
140®- M2® 

128®- 132® 

10r^_108® 

08'r)®-i(io® 

49'’-52® 

-36-6° 

- 01 * 7 * 

85®-86® 

92® 

78®-80® 

101-98® 

98-80® 

124-30® 

122-41® 

121*07" 

145-99® 

143*42® 


The cause of this regularity appears to be that the more nearly the oxygen is 
placed to tl)p middle of the chain, the more closely do the similar atoms of the several 
molecules approach one another — that is to say, the oxygeii-atonis of the one to the 
oxygon-atoms of the other, and the carbon-atoms of the one to the carbou-atoins of 
the other. On the other hand, the position of the oxygen near the end of the chain 
loads to a more frequent approximation of the dissimilar atoms of the individual 
molecules, viz., the carbon-atoms of tho one to the oxygen-atoms of the other ; and 
this leads to the inference that tho approximation of gas-moleculcs by their similar 
atoms does not bind them together into a liquid Inolecul^ so flrraly as approximation 
by their dissimilar atoms. 

Influence of Chlorination on the Boilinlf Points of Organic Compounds (L. Ilenry, 
Ber^ vi. 734). The usual effect of the substitution of chlorine for hydrogen is to 
, Jluise the boiling point. This takes place regularly and constantly i& those deriva- 
tives in -whicli tho group CH® is associated with another positive hydrocarbon-group 
like CH* itself or C*H*, A:c., as in the chloro derivatives of ethane aud of toluene : 
^rd Sup, 3 Q 
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CH».CH» . 

Mol. wt. 

. 30 

B. II. 

Gas 

C«H^CIP 

Mol. wt. 

. 92 

B.p. 

Ill® 

Cll\GipCl . 

64‘5 

10° 

C*H».CH-C1 . 

. 126-5 

176° 

CH».C11C1- 

. 90 » 

. 60^ 

C“H*.CHCP . 

. 161 

208° 

CH^.CP . 

. 133-5 

75’ 

C«H*.CCP 

. 196-5 

214° 


'riio presence of a negatiA’p group or radicle, on the other hand, produces ij. ail the 
chloiiue-derivatives — after the first — a very considerable diminution in the rise of 
the boiling point, as may be strikingly seen in the sov^al chlorinated acids, amides, 
, chlorides, aldehydes, &c., of the acetic series. j 



B. ]». 

M. p. 



I£*P. 

HOCO.CIP . 

118° 

17° 

(CHP())CO.Cli;^ . * 


. 74° 

,. CH^Cl . 

180° 

62° 

CU-Cl . 


. 143° 

„ CHOP . 

19.V 


„ ciicr- . 


. 156° 

» CCP . 

. 195° 200° 


CCP . 


. 164° 

HOCO.CH* . 

118° 


CICO.CH* 


. 55° 

„ CH=Br. 

208° 


„ CH^l . 


. 105° 

„ CHBr-. 

. 225° -230° 


., CHOP . 



CBr> . 

245° 


CCP . 


118° 

H-NCO.CH* . 

221° 

78° 

IICO.CH^* 


. 21° 

„ CH^Cl 

224° 

116° 

ClPCl . 



„ CIICP 

233° 

96' 

., CHCP . 


‘ 88° 

M CCP . 

238° 

136’ 

„ CCP 


’ 96° 

H*C.CO.CU» . 

56" 


(r 



„ CH^Cl 

. 118° 





„ CHCP 

, 118° 






The boiling pioints of cyanogon-cot.i]iounda are considerably lowered l»y the 


presence of a negative ra<licle, thus — 

Hydrogen Cyanide, Tl.CX 20*^ 

Cyanogen Chloride*, Cl. ON 

Dieyaiiogen, CN.CN 2V‘ 

Propionitril, 96" 

Acetyl Cyanide, CMRCO.CN . . . , . . . 93° 

On the contrary : 

B. 1). 

Propane, CH’.CH^.CiP Gas 

Acetone, CU’.CO.GIP 65° 

but again : 

Ethylglycollic Nitril, C^H^O.CH^.CN 154°-155'> 

Ethylcyanoforrnate, CHPO.CO.CN . . ^ “ . . . 115°-11(>° 


The monoehloiv>-derivative of aectonitril boils at a much higlier tempenituro than 
acetonitril itself, but the more highly .chlorinated derivatives exhibit a considerable 
retrogradation in their boiling points, notwithstanding the gradual increase of their 
molecular weights 


Mol. wt. B. p, 

CH®.CN 41-0 81°-82° 

CH'^Cl.CN 75-5 123°^24° 

CHCP.CN 11 00 112°-113° 

CCP.CN 144*5 83°-84° 


In these compounds the methyl-group CH*. by conversion into CCl*, may bo sup- 
posed to assume the functions of a negative radicle, and therefore to influence the 
boiling point in the manner above explained. 

Ihiatinn between Boiling jpoint Vapoiir-demity in Homologous Compounds , — 
According to F. Hunden (Phil. Mag. [4], xli. 528), the alisoluto boiling temperature 
of homologous hydrocarbons and ethers if proportional to the square-root of their 
vapour-density, as indicated by the formula ; 

T = 5V6^/d ort = 5V5dd ^ 273, 

which was found to be true with regard to 71 bodies of the two classes just mentioned. 
For aldehydes, alcohols, and acids, on the other hand, the coeffleient was not found to 
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bo constant ; and to isomeric bodies of equal moleculiir weight, but different boiling 
point, the law is clearly inapplicable. 

Boiling of Saline Solutions. — 0. It. Mi^er {Beut. Chem. Ges. Ber. ix. 1629) 
observes tliat saline solutions may bo heated nearly to boiling by passing steam into 
thorn. Solutions of calcium chloride of various dogreos of concentration, ^nd boiling 
at r22‘5'’, 127°, and 150*5°, wore brought, by the introduction of aqueous 

vapour at 100°, to the temperatures of 100°-103°, 12V6°, 127°, and 147'6° respectively. 
Concentrated solutions of SO^Na'-, NaCl, and N0®K, boiling JVt 104*5°, 110°, and 
114*5°, were raised by a current of steam to 104°, 109°, and 112*5°. An alcoluilv 
solution poulssium acetate, boiling at 87°, was heated by alcohol vapour from 78*;^ 
to^4°. When a thermometer, moistened with solution of calcium chloride, js heated 
to 100° over a%lanio, and then brought into an atmosphere of aqueous vapour, it 
shows, not 100°, but the boiling temperature of tlio solution with which it is moistened, 
until all the st^t is washed away. If a test-tube be filled to a third with water, 
moistened on the out side with solution of calcium chloride, heated to boiling over a 
fiamc, and then introdu6e<l into the vapour-space of a flask in W'hich water is boiling, 
the w'ater in the tube will bo thrown intft violent ebullition, bisting for about a 
minute, in consequence of the rise of temperature caused by the absorption of the 
steam by the calcium chloride. The temperature pro(luce<l in a saline solution by the 
absorption of aqueous vapour is, however, always a little below the boiling point ot 
the solution, in consequence of the cooling action of the vapour wliich is in excess ; 
hence also a strong stream raises the temperature less than a weaker one. 

The aqueous vapour given off from a foiling saline solution has, according to 
Muller, A temperature of only 100°, whereas, according to Magnus and Wiillner, its 
temperature is nearly the same as that of the solution itself. Miiller considers that, 
if steam at 100° passed as above nmntionod into a solution of calcium chloride, can 
raise its temperature to 147*5°, the vapour which forms within the boiling liquid may 
act in the same manner, and ,tliis view he regards as corroborated by the following 
facts : (1). The boiling of the liquid, that is to say, the tumefaction produced by tlic 
rising of vapour-bubbles to tTui surface and*therc burstinij, begins below the maximum 
temperature, which is afterwards only gradually attained. A solution of calcium 
chloride, for example, having a maximunr boiling point of 126°, begins to boil at 110°, 
and the temperature rises to 120° in about thirty seconds. (2). Saline solutions of 
high boiling point exhibit a higlior temperature in gentle than in violent ebullition. 
The above-mentioned solution of calcium chloride showed a temperature of 126° when 
it boiled strongly, and of 127*5° when it boiled gently. If the flame be taken awLay 
from under the liquid xvhilo boiling violently, the thermometer is seen to rise 1 or I *5 
degrees. These effects iftay bo explained by supposing that the vapour of w*ater 
which rises through boiling saline solutions has a temperature of only 100°, and that 
the rise of tomporature in the liquid is due to the ab.sorption of a portion of it, while 
a rapid stream of vapour has a somewhat cooling effect. The bubbles of vapour which 
rise within the liquid act, in short, in the same manner as vapour introduced from 
without. Wiillner (Ber. x. 256) remarks that facts similar to those described by 
Muller as to the heating of saline solutions to their boiling points by the action of 
aqueous vapour at V){)° werq noticed more than fifty years ago by Faraday and by 
Gay-Lussac (Ann, Chim, Phi/s* 1822), and that the latter states, as the result of direct 
experiment, that the temperature of the vapour evolved from a liquid under any 
pressure whatever is always the same as that; of the stratum of liquid in immediate 
contact with it. Pfaundler (Ber. k. 463) objects, on theoretical grounds, to the views 
put forward by Miiller, who, on the other hand, still maintains, the ground of the 
experiments above cited, and of others not yet published, that the bubbles of vapour 
which rise in saline solutions have, at the moment of their formation, a temperature 
of only ltt0°, and that the higher temperature which they may exhibit on emerging 
from the liquid is due to their becoming overheated by conduction, more or less 
according to the depth of the bath (Ber. x. 1327). 

From observations on the boiling points of solutions of calcium chloride, 
H. K 2 Lmm<bj\(Wien.Akad. Ber. [2 Ab3i.], Ixxii. 8) deduces the interpolation equation ; 

t = 0*0519i> + 0*011163i>2, 

in which t denotes the excess of the boiling temperature above that of water, p the 
percentage of OaCP in the solution : 


3 q 2 
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p 

• f 

rale. 


01)8. 

14-3 


3-0 


2*7 

28(J 


10-6 


10-9 

41-5 

! 

21*3 


2()-5 

^•9 


32-8 


31-8 

58-4 


40*6 


40-3 

64-6 


501 


51-2 

70*8 


59-8 


G2-4 


M'hence also may be calculated tlie folloiring more convenient form table : 



5 : 10 j 15 

20 25 1 30 : 35 ; 40 45 50 | 55 ^ GO 

G5 

70 

i . 

0-6 1-6 |3-2 

6-5 8*3 11*6 15*1 19*9 24 9 30-5 'SG G 43*3 

50*0 

l_^ 

58*1 


Boiling of Over-heated Liquids. — Tt is well known that a liquid heated in u 
vessel of glass or other material having a smooth surface may often be raised several 
degrees above its ordinary boiling point without actually boiling, and that the intro- 
duction of fragments of glass or other sfibstances will then throw it into sudden and 
violent ebullition. Kxperiinents on this subject have been made by Gernez {Ami. 
t'kim. Phqs. [5], iv. 335 401), from which ho infers that solid bodies which determino 
the ebullition of over-hcated liquids lose this property when they have pi*ev ion sly been 
strongly heated; and those wdiich do not act chomically on the liquids, no longer give 
rise to the formation of vapour bubbles after they hcV.o been used for some time to 
keep up the boiling Ilodics which have not been in contact wdth the air, and contain 
no air or gas in their interior, arc without action on superheated liquids, but bodies 
which have been rendered inactive by the action of heat, or by prolonged immersion 
in a boiling liquid, recover their activity after exposure to tlie air ; in fact, the boiling 
of superheated liquid is set up by contact with an atmosphere of gas. Gernez regards 
boiling as the evaporation of a liqui<l at the temperature of the normal boiling point 
towards the surfaces of gasc.s, which arc cither intnalucod into tlie liquid from wit liout, 
or developed within it in consequence of the heating of gas-solutions above the limit 
of supersaturation. An indefinitely small quantity of gas is sufficient to setup the 
boiling, wliich may then continue for any length of time, as each bubble of vapour 
which escapes leaves behind it a very small bubble capable of exciting further 
ebullition. 

Critical observations on the experiments and conclusions of Gernez have been 
published by C. Tomlinson {Phil. Mag. [4], xlix. 432-448 ; 1. 85-100). 

Distillation of Liquids not miscible with Water in a current of 
Steam. — Experiments on this kind of distillation have been made by A. Naumann 
{Ber. X. 1421, 1810, 2014, 2090) on benzene, toluene, of turpentine, carbon tetra- 
chloride, nitrobenzene, ethyl bromide, ethyl benzoate, and naphthalene, the first three 
of which are specifically lighter, the last five heavier than watcu*. The boiler used 
for the lighter liquids was an upright Hibulated receiver, into the lower part of which 
the steam was passed laterally in such a manner that, during the entire distillation, 
the orifice of the tube which conveyed the steam was never covered by the eondensctl 
water there collected, but was always immersed in the supernatant liquid, whitrh 
formed a turbid mixture of water-drops w'ith the other liquid. For ^lo heavier 
liquids, in order to diminish the quantity required, a cylindrical tube, narrowing 
tow'ards the bottom, was used. The mixture of liquids which distilled over was 
collected in graduated tubes ; And after the w’atcr htid been completely separated from 
the other liquid, the volumes of the two w’ere measured, excepting in the case of 
uaphthah-ne, in which the proportions were determincfl by weighing. 

The following general laws w'cro found te hold good for eacili of tlio eight fluid 
mixtures investigated: (1). ^ const^fit boiling p)iiit low^er than that of the less 
volatile constituent. (2). A constant ratio of the constituents distilled over. (3). 
4'he ratio of the two constituents in the distillate, expressed in the known molecular 
w'eights deduced from the normal vapour-densities, is equal to the ratio of the vapour- 
t.cn.sions of the two constituents at the temperature of the mixed vapour. (4). The 
temperature of the mixed vapour is mostly above that of the liquid mixture. 

These regularities are independent of the height of tho space above the boiling 
mixture filled with the mixed vapours, but they presuppose that the layer of liquid 



HEAT : EVAPO RATION. [m 


aliovp the point, wlicrc the vapour oiitors, sliall not, in inodcnitoly I'iipid distillution, 
sink bolow 50 nim. 

The following table shows the moan values deduced from numcjrous ol)sorvations : 
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Hoiling point 

I 

•li 

11.2 

.2^ c 

<♦-1 4J 5* 
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% 

Rnbstunco 
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1 
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0 

- 0 

S’? 

1 '^ 

§ 

0 

1 
"o 

*50 

'S 

s 

inrn. 
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'3*-’ 

na 
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a 

.2 ^ 

1 

y : 0 

m ' M 

^3 Ratio of the vnpour-ten 
to that of the other lii 
peraturo of the m 

Ilcnzone 

C«JI« 

0-87;^ 

79*5'" 

68a°, 

69*1° 

742 

0 -n 

0*42 

Tohuiiu! * . 


0*88.^ 

108-5 

82-1 

84 

752 

1-27 

1*26 

TurpeMitiiie oil . 

QI0}(I« 

0-S827 

100 

93-2 

94*8 

745-5 

fi -6 

6*83 

Car])on 'rct.racbloridr . 

CCl* 

1 1*599 

701 

05-7 

66*7 

747 

0*36 

0*36 

Nitrobenzene 

; C4r*NO^ « 

! 1*2000 

208 

98*6 ^ 

99 

758 

38*5 

33*3 

Ethyl Uromidi* . 

i cnv'Bv 

: 1*1069 

72 

37 

37 

741 

0*064 

0 06*: 

Ethyl Ijcnzoato . 

1 C-lP.t!MeO= 

1*048 

213 

98*7 ! 

99*1 

761 

49*91 

45-99 

Naphthalene 


— * 

218 

»7-4.; 

98*8 

760 

38*98 

36*4 


[‘'roni the law enunciated in (3), and established by the numbers in the last two 
columns of the preceding table, may bo deduced a method of determining molecular 
weights by distillation or sublimation in indifferent vapours or gases. Let g denote 
till! weight of one constituent of the ilistillatc, 7n its molecular weight, and p its 
vaiKiur-tcnsion at the boiling temperature f of tlio mixture and the barometric 
pressure 5; abso lot (.1 dtiiote the weight of the other constituent of the distillate, 
M its molecnhir weight, and P its v.apour-ten.sion, likewise at the boiling temperature 
measured in the mixed vapour ; then 


and if the molecular weight M be the quantity sought, we have 

• • AT - 

• ' .17 P * 

If one of the bodies is water, — 18 ; p must be sought in Regnault’s table of the 
tensions of waler-wapour (iii. 93 ; <il.so HHatvfn des Kxphimccs^ p. 489) ; // and G 
are the relative weights in the distillate of water and the body under examination ; 
andP=5— If a liquid or solid body which does not Ixiil without decomposition, 
has at any temperatures a vapour-tension of only a few millimeters, there will most 
probably j^e found another body, boiling within thi'se same temperatures, in which 
the body in question doc.s not dissolve, and in whoso vaixnir it can be volatilised, so 
that its molecular weight can then be determined in tlie manner above described. 
This method of dotenuining molecular weights i.s likely to be especially useful in 
cases where the ordinary methods are inapplicable. 

Evaporation. Experiments on the rate of evaporation of volatile liquids, such 
as other and carbon sulphide, in open and in closed vessels have been made by J. 
Stefan ( IFim. Akad. Tier. [2 Abth.], Ixviii. 38«f-423). • The experiments were made 
with rather narrow tubes, in order to avoid as far as possible the great lowering of 
tiimperature consequent on rapid evaptratioii in shallow vessels. Experiments on 
evaporation from open tubes into the air led to the following conclusions. The rate 
of evaporation of a liquid from an open tube is inversely proportional to the 
distance between the level of the liquid and the open end of the tube, provided this 
distance exceeds about 10 mm. It is independent of the diameter of the tube (0*6 to 
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6 mm. in the experiments quoted). The rate is proportional to the logarithm of a 
fraction having for its numerator tlie atmospheric pressure, and for its denominator 
this pressure diminished by the. maximum vapour-tension. For the ca.so in which 
tliis tension is equal to the atmosj iioric pressure, the fraction rcpres(;nting the rate of 
evaporation becomes intinitely great, and the law tlien denotes arotlier process, viz. 
ebullition. These laws may also bo deduced from the theoreticiil discussion of tho 
experimciitS founded on tlic mechanical theory of gases. 

To .study the rate of evaporation in closed tubes, a tube closed at one end was 
plunged by its opev end into ether, whereupon bubl)h?s were given off, somowliat 
quickly at first, afterwards more .slowly, their rate of evolution being regulated by 
'the following simple law : Tho times in which equal numbers of successive bubbles arc 
^ vvolved follow th' law of ihc uneven vumherSf 1, 3, o, &c. If tho tube contains 
hydrogen instead of air, the same number of bubbles is evolved iir ono-fourth of tho^ 
time. As the number of bubbles gives a measure of tho quantity of vapour formed, 
it follows, from the fiict just stated, that ether evaporates in liydrogw-n gas four times 
as quickly as in air under similar circumstances. This result was ctmlirincd by means 
of an apparatus in w'hich a liquid could bo left t(j evaporatp in any given gas, uiidtir 
circumstances similar to those of evapcnition in tho open air, tht' other being then 
found to evaporate in hydrogen 37 times as fast as in air. 

Wlicn a tube provided witli a stop-cock is dipped into ether with the eock open, 
and tho cock is then closed, the. level of the liquid within the tulnj sinks below tho 
outer level, and the depths to which the inner level sinks in given tiims are propor- 
tional to the squ-are roots of thc.se times; or the quantity of vapour evolved in a given 
time is proportional to the .<!quare root the time. This law agrees witli that aliove 
stated as to tlie evolution of bulibles. IJoth laws, liowcviT, are t rue, not, uncondi- 
tionally for all time.s, but only for the beginning of the process. They may bo re- 
g.'irdcd as exact until about half the quantity of vapour has entered tlie tubi* that is 
required for complete saturation. They arc Strictly tnio, as tlu‘ tlioory of tlie.se 
experiments show.s, for a tube of infinite length, ai^d no deviatifni from them is 
perceptible so long as the partial pressure of the vapour which arrives ;it the closed 
end of the tube fiiiTls within the errors .'f observation: A theoretical investigati .»n 
of the question shows that tho evaporation of a liquid in a gaseous mixture leads to 
an alteration in the proportion.s of the eons^itiients of that mixture, in cousoquenee of 
which tho more diffusible gas i.s found in tho neighbourhood of tho evaporating liquid 
in greater proportion to tho less diffusiblo than in other parts of the space. If, 
therefore, a liquid bo left to evaporate in a tube fllbsl with detonating gas, the 
quantity of hydrogen in the neighbourhood of the liquid is relatively greater than in 
the other parts of the tube, Since now the nature of tho gas in which a liquid 
evaporates lias an essential influence on tho rate of tlic evaporation, wo ought in 
8trictnf.‘.s.s, when discussing exporiment.s on evapor.ition in tlie air, not to regard the 
air as a simple gas. ihit the difference between the behaviour of nitrogen and of 
oxygen is so .sm-'ill, that in diffusiun-proce.sses, the air may be regarded as a simple 
gas without sensible i?rror. 

Evaporation in (? rt.se 5.- -Experiments on the rate of evaporatiuii in different 
gases have been made by W. Kirchman (Arch. Pharm. [3 1, ix. 423-127). Kqual 
quantities of camphor were introduced into eight glass ve8.sels,of the same sizes and 
shape, four being filled with air and the other four With carbon dioxido. After all 
the eight glas-ses had l>ee.n exposed for some w'eeks to the .same fluctuations of temper- 
ature, tho.se filled with air were found to ])e covered with thick layers of camphor, 
while in tho.so filled with carbon dioxide, the camj'hor remained at tho bottom jilmost 
intiict, the sides of^ these vc.ssols being merely lined with a thin film of camphor 
crystals. Hence it appears that tho voiatili.sation of tho camphor is sensibly affected 
by the quality of the gas, ju.st as tho manner in which a solid body di.ssolvos in a 
liquid is essentially affected by the nature of that liquifl. Kurthor experiments 
showed that carbon dioxide is also a relatively lc.ss favourable medium of evaporation 
than air for the terpenes, for chloroform and for carbon disulpliidc, but, on tho 
contrary, a better medium for ethyl oxide, for methyl, ethyl, and amyl alcohols, and 
for water. Moreover, dry carbon ^oxide was found to be an excellent medium for 
removing water from freshly distilled volatile oils. Air removes chlorine from 
chlorine- water even when not saturated ; but the strongest chlorine- water is com- 
pletely deprived of chlorinorby paSsIng through it scarcely more than its own 
volume of carbon dioxide. 

The following proportion.s between the mtes of evaporation of liquids in different 
gases have been observed by G. Haumgartner (Wien. Akad. Per. [2 Abth.], Ixxv. 313, 

m). 
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In Air 

For Ether .... 1 

„ Carbon Disulphide . . 1 

„ Chloroform ... 1 

,, Alcohol .* . . . 1 


In Carbon 

Ill My. 

In ( oal- 

Dioxide 

drogen 

gtis 

0-8() 

3*33 

loO 

0/1 

3*35 

, l-6() 

(/64 

3*65 

1*69 

— 

3*58 

1*80 


SkLiffl-raiimi of Air with Water-vapour, and Desiccation of Air. — From ckperiments 
by H. C. Dibbits {Zcitschr. anal Chrm. 1876, 121^176), it appears: (1). That air 
which has been dried by means of strong sulphuric acid becomes^omplctely saturated 
with water-vapour by passing' through water at a maximum rate of 30 litres per hour. 
'21. Air dried As described may be .sitiiraled with water- vapour by being caused t'5 
pare over the surface of water, provided th^t the surface of water exposed be ncS» 
^ very small compA*od with the rapidity of the flow of air. (3). Concontrated Julphuric 
acid (containing not more than 8’4 per cent, water), dries air at temperatures up to 
about 25° so th§roughly that 100 litri-s do not give up to phosphoric anhydride more 
than 0-0002 gram. (4). If the temperature be higher than 25° or 30°, sulphuric acid 
does not desiccate air so completely; yet the quantity of water-vapour contained in 
1 litre of air dried by moans of sulphuric •acid at 50° amounted to less than O'OOOl 
gram. 

Phosphoric anhydride may be said to effect an almost absolute desiccation of air, 
the quantity of aqueous vapour left by it in a litre of air not exceeding an extremely 
small fraction of a milligram. 

The desiccating power of calcium chloride is much affected by temperature. If 
air dried by passing over tlii.s salt at a gi^n temperature be brought into contact 
w'ith a flash quantity of (ho same .s.alt at a lower tempomture, a further desiccation 
takes place ; but if th(! second portion of calcium chloride be maintained at a higher 
temperature tlian the first, the air becomes nioistor. By passing a gas, already dried 
over calcium chloride, through a systHm of tubes containing equal weights of calcium 
chloride, positive or negative ^alterations in weight may It obtained, according as the 
different parts of the system possess a higher or lower temperature. If the tempera* 
( urc at the la-ginning of tlicf system of titlies be the sj^me as that at the end, the 
algebraic sum of the weight-alterations is always =0 ; if these tw’o temperatures differ, 
the system sufft'rs a positive or negat^e weight -alteration, in proportion to the 
difference of temperature, between the first and last tubes. 

The following table of the weights of water-vapour contained in 1 litre of saturated 
air is calculated from the vapour-tension determinations of Begnault aiul of Magnus : — 


Weight of water-vapour Weiglit of water-vaixuir 

io milligranis in inilligmms 


Temperature 

Magnus 

Ih'gnault 

'rcraperatiirc 



^lagnn^ 

Regnault 

-20° 

. 1*046 

1*058 

-H° 



5*131 

5*209 

19 

. 1*136 

1*116 

2 



5*495 

5-570 

18 

. 1-234 

1*241 

3 



5*881 

6-953 

17 

. 1*338 

1*342 

4 



6*291 

6*369 

16 

. 1*450 

1*450 

5 



6*725 

6*789 

15 

. 1*571 

1*567 

6 



7-185 

7*246 

14 

.•1*701 

•, 1*693 

7 



7-672 

7-730 

13 

. 1*839 

1*829 

8 



8*188 

8*242 

12 

. 1*988 

1*975 

9 



8*733 

8*784 

11 

. 2*147 

2*;31 

. 10 



9*310 

9*356 

10 

. •2*317 

‘2*299 

11 



9*919 

9*961 

9 

. 2*499 

2*481 

12 



10*663 

10*600 

8 

. 2*694 

2*676 

13 



11*243 

11*275 

7 

. 2*901 

2*886 

14 



11*960 

11-987 

6 • . 

. 3*122 

3*112 

15 



12*716 

12*738 

5 

. 3*358 

3*355 

16 



13*614 

13*631 

4 

. 3610 

3*617 

17 



14*355 

14*366 

3 

. 3*878 

3*898 

‘ 18 



16*240 

16*246 

2 

. 4*163 

4*201 

19 



16*171 

16*172 

1 

. 4*466 

4*527 

20 



17*162 

17147 

0 

. 4*788 

4*868 







Condensation of Vapour. — The results of experiments by Piisley on the con- 
densation of aqueous vapour mixed vnth air on cold surfaces are summarised by 
0. Reynolds (Proc. Itoy. Soc. xxi. 276) as follows; (1). The presence of a small 
quantity of air in aqueous vapour, produces considerable rctardatipn in the condensa- 
tion of the vapour on a cold surface. The condensability of pure vapour appears to 
depend only on the bent-conducting power of the condensing surface. (2). In conse- 
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qnoru'o of this action of the air, the size of the surfacc-condensnr of a steam-engine 
must, he increiisod sicconling to the quantity of air inixeil with the vapour. (S)- 
the mixture of air with steam Wore llyi lallrr comes to he used, the condensation 
may ho dftninished and the efficimcy of the engine tlieroby impaired. ( t). Nearly 
the greatest possible efficiency is* attained, when the pressure ctf tlie air amounts 
to of that of the steam, or when about 2 cubic feet of air at 1 atm. at 15° are 
present to^l pound of steam. According to Reynolds, the diminution of conde/s.'foility 
of a vapour by admixture of aij may be ascribed, as pointed out by Siemous, to the 
fact that the layer of air continually interposed between tlio condensing surface and 
Jthe vapour must be penetrated or displaced by the latter before the condensation can 
Jgo on. f 

Heat of Chemicai. ( -om hin atiox. # ^ 

The principal data of Thermochemi.stry have been collected and arranged by Bcr- 
thelot {Annuaire pour tAn jmr le liurcau dcs Lougitudci^ pp. IJ05 -142) in 

the following taldes. In the column headed ‘Authors' A1 dciit)tes Alluanl; A, An- 
drews; 15, licrthelot ; T\ Dulong ; Hs. Dcsaitis ; Dt, Ditte ; Il%v, Dcvillc; K, !''avre ; (J, 
(Irassi; Pdi, Crrahani ; Tl, Ilautofeuille :* >ls, He.<se; L, Ijcjuguinino ; P, Person; K, 
licgnault ; T, Thomsen ; 'fr, Troost : S. Silhermann ; W, Woods. Numbers not deter- 
mined l)y experiment, but obtained according to analogy by calculation, are distin- 
guished by a star. The numerical data denote kilogram-degrees, or thousands of 
gram-degrees. 

Table I. — Formation of the most Chemical CumpouH(/s, the FJements and 

Compounds heiihg referred to ihr state in v.diich they exist at 15°. * 


ITcat cTolverl 


rnmi>nmi(l 

Poii.stituentH 

^lol- 

eculc 

• -- 

• 


— 


\ lit hors 


»■ * 1 

• 

(fO^COU^ 

Li(|»id 

X..Hd 

Ill 

.50111101)1 ' 

i 



Hydrogen (Jhloride 

. IT, Cl 

dt 

-1- 22-0 


- 

+ 



1 * ., Bromide. 

. H, Br(n 


+ X-l 




+ 2S-.I 


T. 

i „ Iodide . 

. Jl, 1 

128 

— (■>•2 




+ 13-2' 



Water . 

. 11.2, 0 

18 

+ 17-2 

<• flO-n 

+ 70-1 

— 

I.) 

S. 

, lbs, K.a. 
(J , ,\.,T. 

Hydrogen Dif>xide 

. 112, (j-J 

31 


_ 

- 

+ ir.-i: I 

'. a 

S., T., B. 

i „ Sulphide J 

. IP, S 

31 

+ l-O 

— f 

_ 

+ !)-2 


11., T. 

„ Selenide- 

. T[2, S(> 

81 

- 5-1 






li. 

Aminunia 

. X 

17 

-f 20-7 




+ 3.V2 


J. 

Hvdro.xylaminc . 

. 1V\ N, 0 

:{.•{ 






+ 17-1 


B. 

Acetylene (C- Diain.) 

. c* ir^ 

2(1 

-01-0 

— 

.... 




Ethylene 

. C2, ID 

28 

- 8-0 

- 

— 

~ 1 

, I». a. S., 
A., T. 

Dimethyl or Ethane 

. 2(0, TP) 

.30 

■f 28-0* 




' 

D 

, F. a. S., 

Methane 

C, IP 

10 

-»-22-0 




— 1 


A. 

Nitrogen Monoxide 

N2, 0 

41 

-18-0 



— 1 

V 

a.vS. T. 

„ Dioxide . 

. N, 0 

.•Kl 

: - 13-3 

, 

1 

i l'^ 



„ Trioxide 

. N2, O'i 

7t; 

; -05*0 1 

1 


i - 17-8; 



„ 'i'etroxide 

. N, 02 

4Ci 

! -2P3. 

- 20-0 

: 

1 - 1 



„ Pentoxide 

. N2, 05 

108 

i - I PO 

- 39-x 

- dPO : 

i- ii-s; 


B. 

Nitric Acid . \ 


03 

i — 

— 

- M-t: 1 
+ 19-9 

1 - 7-1 

I + 27-1 



Hyposulphiiroiis Acid , 

. s, 0, ir-’o 

00 

! — 1 

_ . 

_ 

+ 17-1 J 



Thio-sulphuric Acid 

iS2, 1120 

111 

i -- 

— 

— 

+ y8tJ • 


T. 

' Sulphur Dioxide . 

Js ,02 

1 

01 

; +77*0 



+ 85-2 ] 

iF. 

1 

D., Hs., 
a. S., A. 

Sulphur Trioxide . 

, IS, 03 

80 

; — 

— ! 

•fllPO 

+ 119-1 ^ 


( 

!so2, 0, IPO 


■ — 

+ 51-4 

— 

+ 71-1 1 

ID 

lls.,F.a. 

Sul(ihurio Acid . ■{ 

:S, 03, 1120 

198 1 

- i 

+ 132-0 

-1 i3;{o 

+ 119-0 1 

fs. 

, A., T., B. 

1 

S, Ob 1J2 

)98 i 


+ 20P0: 

+ 202-0 

+ 218-0j^ 

1 


Sulphuric Mc.nohydrate 

ISO-tlP, H20 

no ! 

— i 

+ 0-2' 

•»- 9-0* 

1 


B. 

; Plicjsphorus Pentoxide . 

Pb (/' , 

i 

— ; 

— 1 

+ 303-8 

+ 40.')-l 1 



. Arsenic Trioxide . 

Asb 03 

198 I 

— 

! 

+ 1.5P0 

+ 147-01 


r. 

,, Pentttxide 

A.‘^2, 05 

230 ; 

^ — 

— i 

+ 219-1 

+ 225-1'] 



Boron Trioxidc (Amor- 
]jhous B.) . 

;B203 

7U 1 

- ^ 

- ■ 

+ 317-2 

+ .32; cO 

1 

>. a. 11. 


(' ) 'rin> quantities of heat evolved, when tifjtli siitwtances are n.ssumed to Ih- f'nscoufl, arc for IlBr +12‘4 : for HI 
--(w;; forirO Ufv +7-2 ; for SO* +K0-2; for CO’ + liil O. 



HEAT OR COMBINATION. 


Tarle I. — continual. 


^ Xyhiorinc Monoxide; . (J1-, () 

Trioxhlc. .C12, O 

„ Tutroxidc . (.'1'-*, 0 

nil, ( trio Acid . . . 4^ 

(’iirbon Dioxide . \ 

(■^Diamond I 0, 0'^ 

(' :Amorph«nis ) 
n/irhoii Monoxide. . ] 

<J -Disunonil r (.) 

(1 -- Ainorplioua ' 

(.'sir bon Disulphide ) 

n^Diiiiiiond |- C, S' 

n Anvirphoiis ' 

Silie.'i ... 'I 

Si Amorphous [ Si, 0- 
Si -(’rystalliscd ) 

! Stannous Oxiie . . Sn, D 

; Stannic Oxide . Sii, 0* 

' Nitro!ren niiloride . N, ( •)•* 

! Phosphorus 'rricliloride . P, ri'* 

I „ Tribrornieic . I\ Hr’ 

I . f 1 * 

I ,, Pentachloride 1 lu^n , 


012, 0 
C12, 02 
012 , 

012, 40.1 + ^1120 


cniiuaiioMuc j 

Oxychloride | |}i(]|ii 


Arsenic 'rrichloridc 
Antimony Trichloride 
Horon 'rricliloride. 
Silicon 'retrachloride 
Si Amorphous 
Si .('rvslalliscd 


Miicon letraciiiornie \ | 

Si Amorphous [ Si, 01 
Si . Crystallised ) 
nyanoju"cn(n, Diamond) C, N 
HyelroLjcu Cyanide „ . C, N, 


Pota.'^sium „ . 

Amnioniuui „ . 

Mercury ,, . 

Silver „ . 

Oyano^im (.'hlorido 
I „ iodide . 
I’otassiuiu C}'auatc 
Ozone . 


. 0,N, If 
. !(^ X, K 
.10, X2, III 
.' 20 ,‘ 2 N, II- 
.jO,X,A- 
.d, X, 01 
N,i 

. C,X,K,0 

. 0,02 


UU — 

1.50 — 

120*5 — 

Si 57*5 + t)S-y 
271 ~ 

( 208-4 — 

I 153-5* - 

181 •> + 

22H*5 — 

117*5 +10-1*0 


2(i + .11*0 
27 + M*1 
(•5*1 — 

41 — 

252 ~ 

134 — 

01*5 — 21*5 
153 — 

Sl*l — 

— - 29 0 


- - 5-8 T.a. H. 

— - 121 H. 

+ 100-0 + 99-0 I ,, „ 

+ 100*3 + 102-0 1 *‘*'^*‘^* 


F. a. S., 0., 
A., J. H. 



1)., A., \V. 
1),, A. 

D. a. ir. 


~ + 8*0 >, 
+ 4.5*7 + -12 9 
+ .•}2*7 + 28-3 

- 20*4 - 23*4 

- 18-f) - > 


+ 110-5 -111-3 j 


Tari.e II . — Formation of Solid Salts from Acid and Basic Oyides^ both 
in the solid state. 


Nitrates 

Sulphates 

NW, JtaO 

+ 81-4 

SO«, H=0 . . . 

+ 19*8 

N-0», SrO 

7G-2 

SO*, BaO . . . 

102-0 

N*0», CaO 

59 2 

SO», SrO 

95-6 

PbO 

40-2 

S0», OaO . . .1 

84-0* 

N»0», Ag«0 

38-4 

se*. PM) . .1 

60*8 

C0“, BaO 

50-0^^ 

S0», ZnO .1 

45-0 


t 

SO®, CuO . . . 

42-6 



SO«, Ag'-'O . . . 1 

66-0 
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N*0», J?aO 
N»0‘, CaO 

■ 


Tapi.r III . — Formation of Solid Salts from Gaseous Acid Oxides aud 
. ^lid Basic Oxides. 

- - ‘ - - 


•+111-2 i (C*HW)* BuO 
+ 67*6 i CO», BaO 


+ 70 ’ 0 * 
+ 7 ) 6*0 


Tablb JiY.— Format ion of Solid Salts from^Solid Acids and Bases. 

Acid + Ba.^c ■- Salt + Water {.sidid). 9 ^ 


f. 








1 


il 

Pi-.- 

rtO 

<3 

c r; 

p:r 

_o 

2 ^ 

C -iri 





• 

CJ 



K 


+ 2i>‘6 

+ 21*9 

+ 22*7) 

+ 30*.) 

+ 81*4 

+ 29*4 

Na . 


211*2 

18*3 

17*4 

24*3 

69*4 

26*7) 

Ba 


;i7 0 : 

30*1 S 

— 

— 

66*0 

1 20-S(') 

Sr 


;i;i* I 

29*4 i 


— 

69*0 

21*3(') 

Ca 


27*0 ' 

21*2 

tl6*4 


49*4 

18*9l')' 

Mn . 


16-2 

90 



31*2 

13-2(1, 

Zri 


12*1 

6*6 

— 


23*8 1 

ll*7,r»)| 

Cm 


10*8 

8*6 

1 

• 

21*0 1 


PI.) . 


18*2 

10*2 . 

— 

W 

59*8 ' 

' 13*1 1 

Aff . 

• i 

9*1 

7-6 

--- 

• - • ' 

3o*8 i 

12*7) 1 


+ 127*1 
22-!) 


16 * 7 (-) 


\‘) 1’hej;«?iuimbcrs relate tlj the puriiiitJite.t liy»lrut.t'<l salt*. 

t 

Formation of Solid Ammonium Salts. 


Tahle V . — From S»tid Acids and Gaseous Bases. 


Formic acid 

TTOOni 

+ SH» 

+ 21*0 

Acetic „ . . . 

CH’CO^H 

+ NH» < 

185 

Benzoic „ . . . 

C‘'H-CO='Jl 

+ NH» 

17*0 

Picric . 

Sulphuric,, . . 1 

C«H=(NO=)='OH 

+ MP 

22*9 

S.SO'Il- 

+ 

33*8 

Oxalic . 

,JCO=H? 

+ NIP 

24*4 


Table VI . — From Gaseous Acids and Gascons Bases. 


Hydrochloric acid . 

HCl . 

+ NIP 

+ 42*7) 

Hydrobromic „ . 

HBr 

4NH» 

46*6 

Hydrioclic „ ^ . 

HI 

+ NH“ 

44*2 

Hydrocyanic 

H(CN) 

+ NH> 

20*6 

Hydrosulphiiric,, . ’ 

H’S 

+ NIP 

23*0 

Acetic „ 


+ NIP 

27*0» 

Formic 

HCO-H 

+ M1'‘ 

; 29*0 

Nitric „ 

HNO» 

+ NTP 

1 30*0* 


Table VH . — From Add Oxide. Water, and Bases, all three Gaseous. 


Nitrate .... 

. *N=cf^+*m) 

+ NH* 

+ 47*1 

Nitrite .... 

JN*0» + JIP0 

+ NH® 

33 7 

Acetate .... 

J(C'-'1P0F04-.J1P0 

+ MP 

41-0* 

Acid Carbonate 

CO« + IPO 

+ NIP 

. 30*4 

Formate .... 

CO* +11=0 

+ N1P 

31*6 


Tartmte. 

, f CHfOlDrO’M 
- K’noH((. 0*-M) 
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Tadlk VIII . — From tJie Gf^eom Elements, 


Ammonium Clilorklo 

Cl V If + N 

’ 

+ 91-2 

„ If)di(lo .... 

I (gas.) + H‘ + N 

79-5 

», Hydrosiilphido 

S (gas.) + IH + N 


„ Xitrito .... 

0* + H* + N- 

57-6 

„ Nitrate .... 

0» + \V + N- 

807 

Hydroxy lamiiie Hydroehlorido^ 

Cl + + N +0 ' 

7of) 


>; 


Tahlk -For nmtion of Metallic Oxide,s, according to Thomsen, 




Heat evolvwl 



He, it ovolvctl 1 


Mnl- , 
cculr. 

! 


Mol- 

ecule 



(!(inKlitucuts 

j 

Solid ' J"?®'"- 'i 
i twin 

('•mrslHiionts 

Solid 

In sol 11 ' 1 
tiou i 

K. io, iir-o . 

(56-l| 

+ 69*8 1 + 82-3 

Ke, 0 

72 

+ 68-2 

; 

K, If, 0 . 

104-3 1 116-8 

Fe-, 0 ^ . 

160 

191-2 

— 

Nil, 40 , .JU-O . 

1 ,10 1 

67-8 i 77-6 

i Zn, 0 

81 

8r)-4 

— 

Nil, 11, 0. 

102-3 ! 112-1 

( Zn. 0, 1 1=0 

99 

82-6 

— 

Li, iO, . 

Li, TL 0 . 

I 

51 83-3 

) 117-8 

1 Oil, 0 
i Tl', 0 

128 
i 223 

65-6 

0 O -2 

— 

N, IL’O . 

1 3-. 

^i*^]04-2 

‘ T1-. 0 

! 424 

• 42-2 

+ 39-2 1 

N, IP, 0 . 

•: TT-. 0, H’O 

; 442 

i 45-4 

39-2 ; 

Mg, 0, H=() 

,1 •’« ) 

1,190 ; 

!! Ou-, 0 

142-8: 40-8 

j 

Mg, H-. ()•' . 

218-0 ! 

!i Cu, 0 

79-4! 37-2 

— j 

Al, l\0, l-ilPO 

. 78-4 

*194-4 ; — - 

1! Hg^ 0 V 
i Hg, 0 . 

416 

1 42-2 

1 

Mil, 0 . 

71 

94-8 ! — 

1 216 1 30-6 

— 

Mu, O’ 

; 87 

116-2 ! --i 

Ag^ 0 . 

232 

8-0 

— 

Mn^ 0^ IPO . 

; 240 

— 1 178-0 


1 

1 



Table X . — Formation of Metallic Chlorides^ Bromides, and Iodides, according to 
9 Thoymen. 




M«.l- 

couie 

Heat erolvcd 



Heat evolved 

ConBtitucntB 



Constituents 

Mol- 

ecule 



- 





In fiolution 



Solid 

In solntlonj 

K, 

Cl . 

74-f5, 

+ 105-6 

+ 101-2 

K, Br 

119-1 

+ 95-0 

+ 89-4 

Na. 

01 . 

58-5 

!)7?. 

96-8 

K, I . . . 

166-6 

79-8 

74-7 

Li. 

01 

42-5 

93-8 

10-2-2 

Pb, Br’ . 

367 

64-4 

— 

iMg. 

Cl- . 

95 

151-0 

187*0 

Pb, V 

461 

39-6 


Al, 

OF . 

132-9 

160-9 

.237-8 

Cii, Br . 

143-4 

25-0 

— 

Mn, 

01- . 

126 

112-0 

128-0 

Cu, I 

190-4 

16-3 

— 

Fe, 

01- . 

127 

82-0 

100-0 

Cu, Bp* . 

223-4 

» 40-8 

— 

Fo, 

OF . 

161-5 

96-0 

127-7 

Hg, Br . 

280 

32-1 

— 

Zn, 

CP* . 

136 

97-2 

112-8 

Hg, I . 

327 

24-2 

— 

Cd, 

or-* . 

183 

93-2 

96-2 

Hg, Br* . 

360 

oO’C 

— 

; pb, 

Cl- . 

278 

82-8 

89-6 

Hg, I* . 

454 

34-4 

— 

Tl, 

Cl . 

239-5 

48-6 

38-5 

Ag, Bp 

188 

22-7 

— 

Ou, 

Cl . 

98-9 

32-9 

— • 

Ag, I 

235 

13-8 

— 

Cu, 

CP . 

134-4 

51-6 

62-6 

KCN. 

65-1 

86-7 

83-9 

Hg. 

Cl . 

235-5 

41-3 

— 

Hg(CN)* . 

252 

61-6 

58-6 

Hg. 

CP . 

271 

63-2 

50-8 

A.g^Cu . 

134 

22-4 

— 

Ag, 

Cl . 

143-5 

29-4 

__ i 

1 
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Tabi.e Xl.—Fonnation of the most important Solid Salttk of the Oxyefcn-ncids from 
the Elements referr*^ to their actual state, according to BcrtheloL 



N, O’, K 

+ 97-0 


, 1 

; N, 0^ Na 

8P-6 


Nitrates . . . . s 

N-, 0^ R* 

8()-7 


' 

2N. Pb 

61-1 



; N, 0-', Ak 

G-0 



I S, O', K* 

/ 3r)()-8 



S, 0\ Na* 

33r)0' 

1 


S, 0\ Mr 

• 309-0 

1 

Sulphates . . . . - 

S, 0^ Mn 

S, 0\ Pb 

25()-2 

- 222-6 



i S, 0*, Zn 

212-0 



i S, 0^ Cn 

191-4 

1 


^ S. 0\ Afr • 

136-4 


Thiosulphate .... 

S*. 0\ K- 

274-8 


Carbonate ^ C, 0", K- 

277-8 


(Carbon = Diamond). 

C, Na= 

269-0 


Formate 

i C, H, K, 0* 

155-1 


>1 

! C, H, Na, ()- 

150-0 


Acetate 

i C-, IP, K, 0“ 

174-2 



*i C‘, JP, Na, 0= 

' y;8-o 


0xalat(5 

C^ K**', 0‘ 

i 323-0 


M .... 

' C*. NV, O' 

1 313-8 



^ 


Table Xll.—JTent of Formation of Organic BocHes from their Elements, Carbon 
crystallised. Hydrogen, Oxygen, anh JSiirogcn gaseous, calculated by Berthclol from 
the Heat of Combustion and other 


Cyanogen, gaseous . , . . . { 

(CN)'-' 

C-', N2 

- 82-0 

Hydrocyanic Acid, gaseou.s . | 

C, N. H 

- 141 

„ liquid ... 1 

- 8-4 

Cyanogen Chloride, gaseous . . i 

c, nT Cl 

- 21-5 

,, liquid ... ) 

- 13-2 

Cyanogen Iodide, .solid . . . . i 

C, N, I 

- 23-1 

Potassium Formate 

C, H, K, 0- 

+ 1551 

„ Acetate 

C^ W, K, 0- 

+ 17P2 

,, Oxabitc 

K®, 0® 

323-6 

Formation of a higher Homologan . . i 

(A). C, H® 

+ 6-0 

Conversion of Amorphous Carbon into ) 

Ci • 

+ 6-0 

Diamond 1 

• 

Carbon Monoxide (C = Diamond) . 

Carbon Dioxide ,, . . 

Acetylene „ . . 

Kthylene „ . . 

Dimethyl or Ftlsaiu- 
Methane 

Amylcnc, gaseous .... ) 

„ liquid .... 1 

C, 0 

C, 0= 

• 2(C.H) 

2feir*) 

2(C,IP) 

+ 25-0 
+ 94-0 
- 61-0 
- 8-0 
+ Ji-o* 

+ 22-0 
^ 5-4 

+ 10-6 

C, IP 

C\ H'" 

Diamylene 

2(C*,H">) 

C'«, 

+ 11-8 

Cctylnno . . . ' • - . . 

+ 118-0 

Lemon Oil 

C'“, H'« 

+ 20 

Turpentine Oil 

C", H'“ 

+ 17-0 

Tercberio ....... 

C'», 1P« 

+ 42-0 

Benzene . 

C«, H® 

()♦ 

Methyl Alcohol . ‘ . 

C, IT*, 0 

+ 62-0 

Kthyl Alcohol ^ • 

C= IP, O 

+ 74-0 

Propyl Alcohols, normal and pseudo- 

C-’, H*, 0 

+ 82-0* 

Amyl Alcohol 

C\ IP*, 0 

+ 96-0 

Cetyl Alcohol, solid 

C'«, IP', 0 

+ 112-0 

Phenol 

i C®. 11®. 0 

+ 34-0 
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Taiilk XII. — etmtinued. 


iJoxtrose (grape-sugarj 
Kthyl Oxide 
1‘itliyl-aTnyl Oxide 
Aldehy^de^ gaseous 
„ liquid 
Acetone . 

Normal Propyl Aldehyde 
Formjc Acid, gascjus 
liquid . 

„ solid '• . 
Acetic Acid, gaseous . 

,, liquid . 

„ solid 

Acetic Anhydride, liquid 
Butyric Acid, liquid . 
A'jileric Acid 
Palmitic Acid, liquid 
Oxalic Acid, solid 
01 fin 

I]thyl Chloride, gaseous 
„ liquid 
Ethyl Iodide, gaseous (I, 
,, liquid (I, s 
Amyl Cdilorido, liquid 
„ IJromide . 

„ Iodide 
Ethyl N itratci . 

Acetyl Chloritlc 
,, Bromidr 
„ Iodide . 
Oxamide . 


gaseous) 
••;l) 


solid 


. ' C«, 0« 

C^ 0 

C», H>«, 0 

I C*, H‘, 0 

C», H* 0 
C», n», 0 

I C, IP, 0* 

I C*, K\ 0* 

. C, K*, 0® 

. , C^, IP, 0'^ 

C^ IP®, 02 
C’“. 02 

02, IP, 0‘ 

C”, U'»‘, 0“ 

} C2, H*, Cl 

} C2 H', I 

C», H", Cl 
r- . C\ H", Br 
C“. II”, I 
C-’, N, 0* 
02, IP, Cl, 0 

. ‘ C2, H®, Br, 0 

, I C2, H2, 1, 0 

C2 U\ N2, ()2 


+ 2650* 
+ 63-0 
+ 490* 
+ 46*0 
+ 400 
+ 65*0 
+ 69*0 
+ 87*4 
+ 93-0 
+ 95-5 
+ 109-9 
+ 116-0 
+ 118-4 

+ i&o-o 

+ 155-0 
+ 158-0 
+ 223-0 
+ 1970 
+ 228-0* 
+ 28-0* 
+ 34-4* 
+ 7-0* 

+ 12-7* 
+ 50-0 
+ 34-0 
+ 19-5 
+ 30-7 
+ 63-5 
+ 63-6 
+ 39-0 
+ lGO-0 


Ta hi.k WU.— Formation of the principal SalU by means of very dilute acids (1 cq. acid 
dissolved in 2 or 4 litres of water at 15°), according to lierthclot andl'homscn. 



-2 

1' 






-tj 

V 

*0 


§ ^ 





Sulphuric acid 

1 eq. =41. 

<a 

■§ 

•p 

Base 

ou 11 

t - 

’S" 

sgii 

.2 a 

■< ^ 

o9 II 

Pt 

r-l 

Yo'* 
.2 a ** 

■c 2 

1 

.2 ” 
sS II 
t'a ■ 

2 S' 

TO 

>§P II 
o'- . 

1 " 







a 

a 

a 

Soda (') . 

13-7 

13-7 

13-3 

13-4 

14-3 

31-7 

77 

2-9 

20-4 

lAjtash . 

13-7 

13-8 

13-3 

13-4 

14-3 

31-4 

7-7 

3-() 

20-2 

Ammonia 

12-4 

12-5 

12-0 

11-9 

127 

29-0 

6-2 

1*3 

10-6 

J.iitio CO . 

28-1) 

27-8 

26-8 

270 

37-0 (>) 

31-2 

.7'8 


19'6 (») 

Baryta (*) 

27-7 

27-8 

26-8 

27-0 

33-4 

36-8 


— 

22-2 

StrontiaC’) 

28-0 

27*8 

26-6 

27*0 

35*2 

30-8 

— 

— 

21-0 («) 

Magnesia . 

27-6 (0 

|27-6 0 

_ 

— 

— 

31-2 

— 

— 

180 

Manganous Oxide {^) 

23-6 

23-4 

22-G (') 

21*4 

28-6 

27-0 

10-2 (>) 

— 

13-6 (•) 

Ferrous Oxide 

21-4 

— 

19-8 

— 

— 

25-0 

14-6 

— 

10-0 

Zinc Oxide 

19-6 

19-6 

17-8 

13-2 

25-0 

23-4 

19-2 

— 

10-0 

Lead Oxide . j 

15-4 

21-4 

15-4 

13-0 

13*2 

25-6 

21’4(0 

26-6 

— 

13-4 

Cupric Oxide . 

150 (’) 

15-0 

12-4 



— 

18-4 

31*6 

— 

4-8 1 

Mercuric Oxide 

18-9 

— 

— 

— " * 

— < 

.... 

48*7 

31-0 1 

. 

Silver Oxide . | 

20-6 (>) 
18-6 

5-2 

47 

_ . 

— 

12-9 

14-4 

55-8 

20-9 (*) 

13-8 

Alumina (*) . 








210 





Ferric Oxide (®) 
h ' ^ 1 

11-8 

11-8 

9-0 


— 

11*4 

— 

— 

- ! 


(») 1 nq. = 2 1. (’) 1 eq. = 2r. 1. (») Precipitated. <*) 1 eq. » 6 1. (•) 1 eq. b 10 (•) CiystiilliBea, 

C) 1 cq. ~ 4 I. (•) Very dilute. (•) Hydrate. 
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Table XIV. — Formatim of the Alkali-salts ofPoli/hnsic acids, according to Beriheloi 
a. TJwmm (1 cq, of hase Aissolvctt in 2 litres of water, and every 1 vol. acid diluted 
wi*h 1 voL water at 15°). 


Acids 

Sulphuric Acid, 
S()‘n- 
Oxalic Acid, 
C’O^Il* 
Tartaric Acid, 

Carbonic Acid, 
(aqueous CO*) 
Boric Anhydride, 
B*0“ 

Citric Acid, 
C«H»0> 


Phosphoric Acid, 
PO^H» 


Periodic Acid, 

IO*H.2iPO 


NaOIf 


iNaOK 
2NaOH 
iNaOH 
2NaOH 
iNaOn 
2\aOH 
iNaOH 
2Xa01I 
iXaOH 
2NaOH 19*8 
INaOH 12'6 

2Na01I 12*8 
3NaOH 13*2 
4NaOH 
iNaOII 
2Na()ir 
3NaOH 
4Na01I 


147 
317 
13-8 
286 
12 9 
25-9 
11-0 
20*2 
11-6 


147 

11-6 

l7-3 



KOH 

NH- 

t 

iBa(OI 


14-6 

13-6 




317 

290 

— 


13-8 



— 


28-6 

;2.r4 

( — 

t .... 


IM 

97 



20*4 

12*4 bfs lO-C (') 




8*9 

— 

(•) 

— c 

11*6 

— ■ 

CO 

— 

11*2>| 

CO 

13*4’. ' 

■ 9^ 

— 

11-2 

w 

14*3 1' 

7 

— 

11-5J 

II ■ 

15*oJ' 

oc) 



0-2 

0*7 


— 

13*5. 

— 

1 


12*8 or 9*3 (;) 

— 

i\ 

— 

6-8 or 0*2 0 

— 

) 

llfoll 6-5'! 1 





!■« 





2KOH 12-4J " 

-- 


— 


3KOH S-1 ’ “ 




— 

r' 

4KOH 31 



1 — 


(‘} Variable according to concentratiou and excess of potash. 

(*3 12-8 nt first, afterwards ;)*3, in consequence of siKJutuneouB decomposition of dissolved suits ; 
similarly 6*8 or 0*2 for 3 Nil’. 


Tablp: XV. — Formation of Ethers from Alcohols {fhe constituents being supposed to 
be in the state which they assume at ordinary femperatUres) according to ISrrthelot. 
Alcohol + Acid = Ether + Water ; Alcohol + AUrohol s= Ether + Water. 


Rome 

Formula 

Heat cvolvctl 

Ture 

' substaixie 

Svilistancp 
dissolTed 
in water 

Ethyl Chloride, liquid . 


CT1»HCI 

+ 3*4* 


„ Iodide 


U2HMM 

+ 6*0* 


„ Acetate 


C*H\C'-IP02 

- 2*0 

- 18 

„ Oxalate r 

, 


- 3*8 

- 3 5 

„ Succinic Acid (in solution) . 

C'-'IP.C^Oai* 

— 

- 3*6 

Methyl Oxalate . 


(CH*)2C20* 

+ 1*6 

r - 2*4 

Ethyl Nitrate 


C'W.NO® 

+ 6*2 

- 2*6 

Nitroglycerin (insoluble) 

. 

C»HXNO»)> 

+ 14*1 

- 87 

Nitromannite (insoluble) 

. 

C«1I«(N()»)« 

+ 23*4 

-^15*0 

Ethyl Oxide 


C*H=(C-H*0' 

- *3 

p5 

Methyl sulphuric Acid . 


CIP(SO‘II) 

+ 13*8 (') 

- 5*1 

Ethylsulphuric Acid . 


C-IP(SOm) 

+ 147 (‘) 

- 47 

Isethionic Acid . 


. C*H«O.SO> 

+ 16*0 (') 

- 3*4 

Propylsulphuric Acid . 


C»H^SO^H 

+ 15*9(') 

- 4-0 

Isopropylsulphuric Acid 


C’H».SO«H 

+ 17-1 (') 

- 3*3 

Isobutylsulphuric Acid 


c'hi».so^h 

+ 17*6(') 

- 2*2 

Amy] sulphuric Acid . 


c»n*»,so^H 

+ 19*6 (») 

1 - 0*2 

Glycerylsulphuric Acid 


C»H^(P.SO«H 

+ 15*2 

- 3’2 


(') Alcohols and (u-1ds pure ; alcoholic acids in dlluto solntion. (*) Refers both to tlio constituents 
and to the comiiOunUs. 
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Table —Formation of Ethers and Alcohols in 1\eir Actual State from Hydro* 
carbons^ according to BertHelot. '• 



Tabt/E XVIL — Hydration of Oxides, Acid and Bask, 


Coiiiiititueiits 

Com()ounils 

Heat 

(Icvelopod 

Authors 

JN*0*, solid, liquid . 

NO*H 

1-2 

B. 

liquid, ^H'-O liquid . 

NO»ir 

63 

B. 

SO* solid, I£‘0 liquid , 

1 crystillisod 

20- 4 

21- 2 

B. 

B. 

JPO*, iH*0 .... 

10*11 crystallised 

1-3 

l)t. 

Im jHK) .... 

VO*E* , 

16'9 

T. 

JH'O .... 

AsO^H* 

^ j crystallised , 

3-4 

T. 

liquid, JH*0 liq. . 

6'9 

9-4 

1 

B. u. L. 
B.U.L. 

BaO, IPO liquid .... 

Ba(OH)»' ! 

17*6 

1 B. 

SpO, H*0 „ . . . . 

Si^OH)' 

17'2 

B. 

CaO,H*0 „ . . . . 

CWOH)* 

15*1 

B. 

PbO, H*0 

Pb(OH)» 

2-4 

T. 
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Tab LB XVIII . — Formatim of Aldehi/dts and Organic Acids by Oxidation, according 
t tolBertheiot. 


* 

Coastituunts 

Oompoimds 

Heat 

evolved 

State of 
Aggrpgivtioii 

• 

fi 

From Hydrocarfnms : ( 



Ethyl Aldehyde . 

CHI*, 0 

O’HH) j 

i + 48 0/ 

! 54*5 

gaseous 
liquid ^ 

Normal Propyl Aldehyde . 

C»I1‘, (> 

C3JI«0 

rA 



f 

1180 

f;asi‘OU8 

Acetic Acid 

C=ll', 0- 

O’lPO- \ 

124-0, 

liquid 



1 

I 121-5 

.solid 

I Oxalic Acid 

ClI^ 0* 

C*^iPO« 

1 2G1-0 

If 

Acetic Acid 

c-H", o.apo 

cyj‘o-' 1 

111-0 
! 113-5 

liquid 

solid 

Formic Acid . 

CH\ e* 

CIIW.H>0 1 

1100 

137-6 

liquid 

solid 

■tt 

From Aldt Jiydes : 




r 


’ 70-0 

) all the hodio.s 

Acetic Acid 

C«H<0, 0 

CHVO- 

) l^iseou,s, 




i 70-1 

actual .stjit>» 

Propionic Acid 

C*H«0, 0 

miK) 

i 74-0 

?» 


From Alcohols : ^ 



, Formic Acid, liqjud . 

CIPO, 0* 

CH20*H*0 

100-0 


■ Acetic Acid „ 

C'-'lPO, 0= 

C^II^O^.H-'O 

111-0 

[[ 

Valeric Aci<l „ 

C*Jf*=0, 0" ,, 

CMI'»0-.H*0 

131-0 


Palmitic Acid, solid • 

O'-* 

c'^ip-mir^o 

180-0 


Oxalic Acid ,, . 

CHIH), (P 

cm*(p, 0» 

C*'IT20^2H=0 

C-IPO'.H-O 

261-0 

130-0 

i 
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The following are thermocliemical dotorminations, chiefly by llorthelot and Thomsen, 
not included in the preceding fable ; and ro-detorminayons of certain values contaiiw ii 
thonjin. The heat-unit is the kilogram-degree, fccopting where the contrary is 
slated. • 

Tbermic Constants of Oxidising and Reducing Agents (Thomsen, Deut. 
Chevi.fics. Her. vi. 233, M31). The thermocliemical determination of the Strength 
of affinity of oxygon in tlio several stages of oxidaticti of a body requires an exact 
knowledge of the action of oxid^ing and reducing agents : for only <t small number of 
oxygon-compounds can be directly prepared in such a manner that the oxidation can 
bo inado the basis of exact calometric determinations. In most cases, indeed, the * 
heatnasto be estimated b^ indirect methods, either by oxidation with the aid of 
oxidising agents, oi' by subjecting the oxidised compound under examination fo the 
action of reducing agents. With this view, Thomsen has determined the following 
constants : — « 


Reaction -comlnnfa of Reducing Agenta. 


Reaction 


• 

Q (heat evolved) 

(SO^Aq, Cl*^) 


73*9071 


(l'VCl"ieAq. C1-) 
(2FoH()>Aq, CF) . 


55*523 

48763 

•for 1 mol. of chlorine 

(.SiiCl“Jl*Aq. Cl‘) 


• 76*ai9J 


fSO-'.Aq, . 


63*634^ 


(hVCl-IlUq, 0) . 


45*250 

■ for 1 atom of oxygen 

(2FeS0‘Aq. 0) . 

; ir 

38*490 1 

(SnOl-H'Aq, 0) .• . 

6574(5 J 



The meaning of these iiumyors is sis follows: If one o( these rcflucing agents, 
sulphurom acid, ferrous sulphate, ferrous chloride, stannous chloride, be used to remove 
oxyg(Mi or chlorine from a compound, and jf tlie quantity of heat evolved in this 
process for every atom of oxygen or molecule of chlorine removed lie denoted by K, 
then the quantity of heat consumed in the <ieComposition of the compound which 
furnishes the oxygen or chlorine, is represented by Q — R. 


React ion-consiants of 0.vitlising Agents. 


1 Reaction 

r 

(y— total heat 
evolved 

NUUllXT of 
oxygen 
atoms 
given off 

Q for 1 oxygen 
atom 

2(01, H, Aq)-(H*, 0) . 

1()’273 heat-units 

1 

10-273 gram-degrees 

2(Ur, JI, Aq)~(H', 0) . 

-11-G05 

I 

-11-605 

2(Br, Aq,}I)-(IP, 0) . 

-^2*683 

1 

-12-618 

(Cl,H,Aq)-(CI,0,H,Aq') 

0-437 

1 

9-437 

(MirO^K’^Aq, GllClAq) . 

58*635 

5 

11-727 

(Mn=0"K»Aq, 3«0»Aq) . 

69*485 

5 

13-897 

(Mn*0"K2Aq, 2HClA(i) . 

55*75^ 

3 

18-856 

(Mn‘-0"K*Aq, 80’Aq) . 

69*547 

3 

10-ti49 

(MnO,SO»Aq)* . 

4'969 i 

1 

4-969 

(2CrO»Aq, 3S0»Aq) 

30-462 1 

3 

101 51 

-(2Mn0,0»,2KAq) . 

28-257 

3 

9-419 

-.(2MnO»,2'^q) . 

1 -14-765 

5 

- 2-953 

~(Mn, 0) 

1 -21-511 

1 

-21-611 

-(2Cr, 0».Aq) 

i -18-868 

3 

- 6-299 

-(IlIAq, 0>) . 

1 -42-642 

; •*! 

-14-181 

-(lP0,0,Aq) 

+ 23-074 

r ‘ ' 

+ 23-074 


The meaning of these numbers is as follows : If a substance is oxidised by one of 
the reiigents here indicated, viz. chlorinCy bromine^ potasdum permanganate^ manganese 


• It = KIIO ; Mu = MuH»0* ; Cr = CrH»0*, 

Zrd 8up. 3 R 
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dioxide, elirtmm acid, or hydrogen dioxide, the quantity of hoat developed by each atom 
of oxygon absorbed is greater by the VJ^lue of Q given in the table for the reagent in 
quest ioi^ than that which would liave been developed if the same oxidation had been 
effected by oxygen. If the oxide tion rilbcted by either of these reagents bo equal to 
R heat-units for 1 atom of oxygen, then the qmintity which would bo evolved by 
oxidatio?: with free oxygen is R — Q. 

Keat of Combustion o^' Hydrogen. Schiillor a. Wartha {Ber. xi. 1208), by 
means of their modified form of Jlimson’s icc-calorimctfir (p. 926), estimate the quantity 
of heat evolved by the combustion of 1 gram of hydrogen (at 0° and 7G0 mm.) at 
34‘126 heat-units. (Thomsen’s number 69 [p. 952] derwtes the quantity evolved 
in the combustion of 2 grams of hyd;ogen.) 

C. V. Than i^ller. xi. 947, 1241) has determined the quantity of hoat evolved in the 
combustion of a mixture of 2 vol. H. and 1 vol. 0. in closed vessels, by burning a 
measured quantity of the gas in J>iinsen’.s ice-calorimeter. The imr .ber thus found in 
one experiment was 33-S()lj hcat-unils ; another, in 'which additional precautions wore 
taken to ensure the correct mea.suremcnt of the gas, gave 33'961 units. 

Beat of Formation of Ozone. According to Bcrthelot (Compt, rend, Ixxxii. 
1281), the formation of ozone from oxygen under the iufiuenco of the silent electric 
discharge is attended with an absorption of heat amounting to 29'C units. 

Beat of Combustion of Sulphur. According to Bcrthelot {Compt, rend. 
Ixxxiv. 674) : 

S + O' = SO- giLq dcvelopcs 69*1 heat-units. 

* 

On account however of the uuavoiilal)Ic formation of SO®, tluj true number must bo a 
little lower than this. The oKperimeiit wa*;ipado with pure octohedral sulphur. Tins 
insoluble sulphur extracted from fiowers of stlphur would yi^Id the same amount of 
heat, since its conversion into oetoh(*dral sulphur, w^jieh takes place at about 18'b is 
not attended either with evolution or with absorption of heat. 

* I I I * 

Sulphuric Acid and Sulphates. Bcrthelot (!ov. cif.) deduces the hoat. of 
formation of those compounds from the tjtdlowing data, which he regards as the most 
exact yet obtained : 

1 [cat-units 

S - 1 - 0- = SO® gas 69*1 (Bcrthelot) 

iSO*gas + water « SO® dissolved . . 7'7 (h'avro, Thomson) 

SO® dissolved + 01® ga.s + 2H*0 - S0®.H®0 dilute 73'9 (Thomsen) 

H + Cl = HCl dilute 39*3 (Thomsen) 

H- -i- 0 — ll®0 • 69’0 (mean acc. to several observers) 


Hence : 

ITe.'it-nnits 

SO® dissolved -f O + il®0 + water = »S0®.H®0 dilute 64*3 
SO® gas -f 0 -t- Jl'O + water = S0®.H®0 dilute . . 72 0 

S -f 0® -I- H®0 S0®.B®0 dilute .... HI O 


Further . 

SO® -t- water = S0®.I1®0 dilute 
S0*ir®0 pure + water = S0®1£*0 dilute ^ 

whence ; • 

S -f 0® = SO® anhydrous 

S02 -t- 0 = SO® „ ... 

S + O® -j- IPO = SO®. IPO . 

S t- 0» + H® = S0‘IP 

Finally, according to various investigators : 

S + 0» + K® - SO>K® . 

iS -f 0* + Na® = SO‘Na® 

S -f 0‘ -h Pb - SD‘Pb •! 

S 0* -I- Zn = SO^Zn 

S -f 0* -f Cu - SO'Cu . • 




37*4 (Bcrthelot) 
17 0 (various) 


. 103-6 
. 34-4 

. 1240 

. 193-0 


. 342-2 
. 326-4 
. 2140 
. 233-4 
. 182-8 


For the h«it of formation of potassium thiosulphate, Bcrthelot finds (Compt, 
rend. Ixxxii. 400) : 

S® + (J® -f K® = o®0»K“ .... 274 
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Hypos iilphurous acid, SOW (Horthclot, ihid. Ixxxiii. 416) : 


^ Hcat-unita 

8 + H“ + 0* + water ^ SOW dilute . . . . -<■ 86*4 

s + H-o- SOW „ V ao-o 

S()2 + H* + water = SO^R^ „ . - . - 0-6 

WS dil. + 0* - SOW . 38«G 

2S0-H- dil. = S0*H2 dil. + KH3 dissolved . % . r>l-8 

280“H- „ - S'OHH ^ • . 41-2 


This last value explains the greater stability of thiosulphuric acid, S-O^H'*', iiuisniiich • 
as tli% stability of \ chemical system increases, under otherwise similar circumstances, • 
with the amount Cinergy which it has lost. * • 

* Heat of Formation of Kydrobromic and Hydiiodlc Acids (llortholotj 
OmjiL rmd. Ixxxiv. 677, 678). 


For J I y d r o b r o m i c a c i d, llerthelot finds — 


JI - 1 ' Hr liquid = *HIlr gas 

• » 



9-6 

H + Hr solid = HBr „ 

. . 



9-4 

H + Hr gas - HHr „ 




13-5 

11 + Hr liquid -t- water = 

11 Hr dissolved . 



290 

11 +. Ur gas + water =: 

HBr dilute 



33-1 

For Hydriodic acid: 

H +, I solid HI gas 

• 



. - 6-4 

11 + I liquid = HI „ 




. - 4*5 

H + I gas - HI „ 




. - 0-8 

H + I solid + water = HI dffutc 



. +13-2 

U + I gas + water HI 

ft 



. + 18-8 


The nuihbers for the heats clf formation of •hydrochloric itcid (22*0, p. 252) and of 
hydrobromic acid are nearly on the ratio of 1 : 2. 

Tbermoctaemlstry of the Oxyiren*&clds of Chlorine, Bromine, and 
Iodine. 1. Chloric acid ami Chlorates (Berthelot, Ann. Chim. Phys. [6], x 
827-389). 

1. Formation of Chlorates from the Elements: 

Cl + 0* + K r. GHO^K solid 94-6 

Cl + (P + Na 010»Na 8o-4 

Various Reactions : 


3Cr- + 

3K *0 dilute 

^ 3C10*K dilute 

+ 

3KC1 dilute 

. + 76-2 

3C1'- + 

3Na*0 „ 

= 3Cl0*Na „ 

+ 

3NaCl „ . 

. + 75*9 

3C!-’ + 

•;‘rlla0 „ 

- 3ClO*Ra^ „ 

= C10*K diss. 

+ 

PaCF „ . 

. + 75-1 

3or- + 

3K-0 •„ 

+ 

oKCl „ . 

. + 94-2 

SCI* + 

3Na=0 „ 

- ClO=»Na „ 

+ 

5NaCl . 

. + 94*2 

3CF + 

3HaO „ 

- ClO’Bai „ 

+ 

.§BaCF .. . 

. + 9fy0 

3cr- -f 

3K=0 

- OKCI, 

t- 

0> 

. +111-0 

3CF + 

3Na*0 „ 

- ONaOl „ 

+ 

0® 

. +110-0 

3CF + 

3lkO 

- 3HaCF „ 

+ 

0® 

•. +111-8 

3C10Iv dissolved 

: C10*K „ 

+ 

2KC1 . 

. + 18-0 

3CJ0Na 

9J 

= 01()*Na „ 

+ 

2NaCl „ . 

. + 18-3 

SClOfiai 

- C10*Ba^ „ 


RaCF „ . 

. + 19-9 


Successive oxidation : 

CF + 0 + water =-- CFO dilute — 5*8 

Cl* + 0* + water - CFO* ~ 24-0 

Heat of conversion of chlorates into chlorides aiW oxygwi : 

KCIO* solid « KCl solid + 0» . . + 11 

NaClO* „ = NaOl „ %• 0» . . . • + 12*3 

BatC10> „ = BaiCl „ + 0* . . . • 12-6 

Heat of solution of potassium perchlorate: 

CIO^K + 100 times its weight of water at 23® . 

3 R 2 


12*13 
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2. Bromic acid {Compt. rend. L\xxiv. fi79). 

ifr- liquid + (V* + TI-C) + water = Br-O'.IT-O diliito . 

I5r- jTiis + O® + TI '“0 + water — nr-OMI-’O „ 

BrO^ll dilute — Jllir dilute + 0'* 

lirO^K solid - KBr solid + (P 

i 

Formation of hypobro mites with excess of alhaX : 

Nii^O (1 cq. in II litres) f Br- at O'”' . 

Tv‘(> ( „ [ ., ) + Bv^ at 11'. 

‘BaO ( „ fi .. ) + Br^at 13^. . . . \ 


- 49-() 

- 42-2 
+ loo 
+ 111 


I m) 

iij) 

111 


SupposiiijQ[ now that dilute liypobromous ncul in eouibinirig with liases out as 

much heat as liypoehlorons acid, naiuidy, ‘J*o units; then, for the Iieat of format ion of 
liypobromous acid, we have ; ^ 


Br- liquid -f- O i water 

Br'-O dilute .... 

. - 134 

Br- gas + n 1 water - 

Br’O ...... 

. - (5 0 

3. Iodic acid and lodates (llertlielot, Compl. rend. Ixxxiv. 

731).. 

1- solid + O'* + water 

HFlIdilutu . 

. [ 45-2 

r-‘ » H- 0^ 

^ - 1-0'* anhydrous 

. 1 40-8 

I- gas + O'* 

1-(B solid 

. • -! 37-S 

I- solid + O'* + B- }• w;it 

*r 210^11 dissolved 

. i lM-2 

1- „ + 0“ + IB- 

- 210^11 crystallised . 

. i UO’C 

I -0^ solid + ir-'O solid 

21<PH 

. 1 2-26 

I-O* „ + 2I0'*J1 „ 

TO'*!! dissolved 

- 2I0'*iJ.P0- . 

. -i- 1-24 

- HI + 0* . 

. - 43*9 

lO"}! cryst. + KOH solid 

^ IO'*K cryst. + ll-’O solid 

. + 31'5 

I03K „ + I()"H „ 

:,103K.I()'»H solid . 

. + 3*1 

T solid + O'* + K 

KBK solid . 

. 4l23’0 

I gas + O'* + K 

- ro'*K . 

. +128-4 

Km .solid 

- Kl „ + O'* . 

. - 14-1 

lO’K dissolved 

• KI di.ssolve<l + 0^ 

43-4 

The heat of formation of potassium 
chlorate. 

iodate is greater than that of the hromatc "]• 

J gas -t O'* + K 

-- TO-’K solid 

. +128-4 

Cl gas H 0=* K 

- (ilO’K 

. + 94*6 

Br gas + 0^ 4- K 

BrOBv „ . . . 

. + 87-0 


Hence it appears that the staidlity of tlu^ tlirec salts increases from tlie bromate 
to the chlorate and iodate. Thu greater stability the iouale is indicated also by 
a comparison of the h(;ats of decomposition of the three salts : 

ClOi'K = KC\ + O'* . . . . . + 11 

BrO»K - KBr t- O'* . ‘ . . • IM 

lO’K - KI I O'* 44-1 


A comparison of the fuiMlameiUal reactions of the throe halogens with an alkali 
gives : • 


3C12 gas + 3K*0 
dilute 

3Br-gas + 3K'-'0 
dilute 

3Bgas + UK^O 
dilute ‘ 


fSClOK dis.s. + 

.3KCI dissolved 


. + 76-2 

ClO'*K „ 

AKCl 


. 4 94-2 

6KC1 „ + 

O'* 


. +1110 

fSBrOK „ 1 

3KBr 


. -1 57-6 

BrO'‘K + 

r,KBr 


+ 34-0 

OMJr , • „ + 

O'* 


. + 74-4 

^dfOK „ + 

3KI 


. + 19-0 

fO'*K ., + 

SKI 


. + 20-4 

OKI „ 



. - 17-6 


Prom this it is seen that the most important chemical conditions in the formation 
of compounds of oxygen with the habjgen-elements are in accordance with the thermic 
relations. 
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Heat of Formation and Transformation of Uydrozylamine, ut Ozy- 
amonia« NJPO (IJorlliolot. Co/njtf. rnid. 


NJI’O dissolvtHl -■ !^N -i- .\NII® dissulved -4 ilo 
NIPO ,, 1 ilCI dilute at 21'" 

KiPO.IKJl JTyst. f- 90 pts. water at 24*" . 

N ■{' IP -I- O ,, -■ NH''0 dissolved . .* 

N ^ IP + <) -1 IICI dU. ... NIPO.HCl dissolved 
N + IP + 1) (U ,? NJPO.nCl cryst. 

NO + IP - NH=*0 dissolved .... 


For the purely \licoretieal reactions ; 
, NIP dissolved I 0 - NIPOdLsi 


- NJP()di.s.solved . 

NJP.JIOI solid -I 0 = NJPO.llCl cryst - 15-1 

Further: • 

.MPOdiss. -I IP - NlP.lP'Odiss + 67-0 

NJPO dil. + iO .-:«N + ^ JPO -j. 70-8 

NIPO ,, + O ~ no' + iJH’O liqind . . . . + 70-8 

NIP() „ + O* - NO* dil. '+ iiH-O + 63-0 

NIPO -I- O’ = NOS „ + illPO + 72-4 

NIPO.IIOI diss. + JK-O ‘ + 4-44 

„ „ + NH-* „ . +3-2 

Becompositlon of Ammonium Hitraile (Borthclot, Ann, Chm. Vki/a. 15], x. 

3(J4). 

NO=*lI.Nir’ solid - N'O + 2H^O liquid 37'3 

,, fused -- N'O + 2lP(^^as, rihout .... 26’0 

„ „ - N- I- 0 4 - 2ir-Oga.s .... 44'0 

„ - N % NO + 2lP6ga8 .... \ {) 

„ - !!N iNO^ + 2II'^0#?as 32'0 

„ „ == NO»fl gas + NH»*Kas . . . . -30-0 

Heat of Formation of various Metallic Compounds.* 1 . M a g n o s i u m, 
Oalcium, Strontium and Barium (Thoingeu, Chem. |2], xvi. 97-121). 


Jleat»unitH 

I 57-0 
!- 9-2 

- «-31 

! 23-7* 

4 39*5 
4' 75 '5 

I r>7'0 


Reliction 

.>lapiicsii!m 

Calciiun 

tilroutinm 

Rnriuiu 

(li. 0). 

• 145-86 

131*36 

130'98 

130*38 

(K, 0, IPO) 

148*90 

14 (MG 

118-18 

148 

(K. 0, Aq.) . . . 

— 

149*46 

157*78 

158*26 

(K, 0-, ^V-()') . 


207*21 

223-83 

229*72 

(K, ()•-, SO*) 

232*31 

248*97 

259-82 

266*19 

(K, CP) . . . 

151-01 

170*23 

181-55 

194*25 

(B, Br'-’) . 


141*25 

1577 

169*46 

(K, P) . . • . 



107'65 

— 

— 

(B, Cr-, (IK-O) . 

l?;3-98 

191*98 

203*19 



(B, BP, Oli-O) . 

— 

160*85 

18101 

— 

(B, Cl'^ 2ir-0) . 

— 


— 

201*25 

(B, Br-. 2H'0) . 



— 

178*57 

(RCr-’, Aq.) . . . 

35-92 

17*41 

11*14 

2*07 

(BBr^Aq.). 

— 

24*51 

16*11 

4*98 

(RP, Aq.) . 

— 

27*(>9 

— - 

-- 

(R, Cl'^ Aq.) . . 1 

! 186-93 

187*64 

195(59 

196*32 

(R, Br-, Aq.) . . i 

i 1(55*05 

165-76 

173*81 

174-44 

(R,F,Aq.). . .| 

134*63 

135-34 

143-39 

144*02 

(RCT-, GH'-’O) 

32*97 

21*75 

18*64 

— 

(BBr-, GlPO) . 

— 

25*60 

23*31 

— 

(KCP, 2II'‘0) 

— 

*-% 

— 

7 

(RBr^ 2H'-*0) . 

— 

-- 

— 

9*11 

(RO'^JP Aq., 2HC1 Aq.) 

27*69 

• 27*90 

27*63 

27*78 

(RO'-’IP Aq., SO> Aq.) . 

31-22 

31*14 

30*71 

36*9 


On tho Heat of Solution of those salts, see pp. 091, 992. 


• In the table (p. SW) tlic thermal volw given for this reaction is 47-4. 
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2. Nickel iind Cobalt compounds (Thomsen, J. pr. Chon. [2], xiv. 413). 
These metals in their dynamical relations stand nearest to iron, the order of alliuity 
being Fc — Co — Ni. The heat of formation of the monoxides, scsquioxidcs and anhy- 
drous chlorides is shown in the fallowing table: — 


ft 

(ft, 0, IPO) 

(IP, 0% 31PO) 

(ftCP) 

Fo« 

. 68*28 heat-units 

191*13 units 

82 05 uiiA*.s 

Co 

. 63*H 

149*30 „ 

76-48 „ 

Ni 

. 60-84 

120-.58 „ 

74*53 „ 

The analogy of the three metals is shown by their heat of neiilralisatidii, and the 

evolution of heat on 

solution of tlie anhydrous chlorides in water- 

( ' 

i\ 

(ftUOP, SO 'A^i.) 

(RO“n*, 2nciA(i.) * 

(ftc:i“, A.i-) 

Fo 

. 24-{)2 units 

21*39 units 

17*90 units 

Co 

. 24-67 

21-14 

^ 18-34 „ 

Ni 

. 2611 

22-58 „ 

19-17 „ 


The difference between the three is shown by the evolution of Iieat on formation 
of the scsquioxidcs from the monoxidcl>— 

ft (2R0*ll“.O, IPO) 

Fo heat-units 

Co 22-5 

Ni - 1-3 


It JS owing to this difference that iron sosquioxida dissolvers in dilute sulpliuric 
acid without decomposition, whilst col^ilt se.*<quioxido gives off oxygen, with formation 
of a cobaltous salt, and in the case of nickel the decomposition is vefy energetic. 
I’or the .same reason the acid solutions of nickel and cobalt sulpliates are not oxiiliscd 
in the air. On the other hand, the free ttjbnoxides or tlndr ammoniacal solutions 
behave quite differently — the oxidation of iron monoxide being represented by 50)70 
heat-units, that of cobalt monoxide by 22500 units, whilst niebd monoxide with the 
negative quantity. of — 1300 units remains unaltered. ^ 

Nickel and cobalt decompose watef— they dissolve in dilute acids witli evolution 
of hydrogen. In this respect they stan^ between cadmium and tin, as is shown by 
the evolution of heat on decomposition of dilute hydrochloric acid by these metals 
thus : — 


Zinc . 
Iron . 
Cadmium 
Cobalt 
Nickel 
Tin . 


34*20 heat-units. 
21*31 
17*61 

16-18 „ 
15-06 
2*5 


The following table gi 


ves the thermal values determined for cobalt and nickel 


in v-arious reactions. Ni and Co =59. Temperature =18'^: — 


ftcaction Evolution of Heat 


Co, cr- 

. +76*48 heat-units 

Co. 0, H‘^0 . 

. 63-4 

99 

Co“, 0®, 3H20 . 

. 149-3 

99 

Co, 0^02, 7H“0 

. 162-97 

99 

2CoO*H^ 0. H-0 

. 22-5 

99 

2Co«0®H», 0, H'^O 

. - 0-7 


CoO*H^ 2HClAq. 

. +21-14 

99 

CoO^H* SO=»Aq. . ' 

24-67 


CoCF, Aq . 

. 18-34 

99 

CoSO*, 7H-OAq. . 

. - 3-57 


Go.CF, Aq. . 

. +94-82 

>9 

Co, 0, SO*Aq. 

. 88-07 

99 

Ni, CF 

. 74-53 


Ni, 0, H*0 . 

. 60-84 

99 

Ni2, 0^ smO . 

. 120-38 

99 

Ni', 02, S02, 7H20 

. 162*53 

99 

2NiO=n2, 0, JFO 
NiO*H* 2HCUq. 

. - 2-3 
. + 22*58 

0 * 

99 

Ni02H2, SO»Aq. . 

26*11 


NiCF,Aq. . 

. 19*17 

99 

NiSO\ 7H20Aq . 

. - 4*25 

99 

Ni, C12, Aq. 

. +93*7 

99 

Ni, 0, SO®Aq. . 

86*95 

99 


Explanation 
A nhydrous chlori d o 

! Monoxide and hydrated oxide from metal, 
oxygen, and water 
Crystallised sulphate 
Oxidation of monoxide to .scsqnioxido 
FiuVher oxidation of sesquioxido 

Heat of neiilralisation of monoxide 

JHeut of solution of anhydrous chlorklo 
) and crystallised sulphate • 

? Formation of chloride and sulphate in 
jl aqueous solution 
y\ nhydrous chloride 

I Monoxide and sesquioxido 

Crystallised sulphate 

Oxidation of monoxide to sesquioxido 

!Heat of neutralisation 

Heat of solution of anhydrous chloride 
, and cry.stallised sulphate 
Formation of chloride and sulphate in 
aqueous solution 
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3. Tin Compounds (Thomsen, loe, cii.) Sn =118. Temperature 

Evolution of Heat on button of ConvpounHs in Water. 

llcactiou Evolution of Heat * Explanation 

SnCl\ Aq. . . . 29*92 heat-units. Anhydrous tetrachloride 

SnCl*K^ Aq. . . -3'38 „ Chloride of tin and potassium ♦ 

SuCl-, Aq. . . . + ‘SA „ Anhydrous dichloride 

SnClS 211*0, Aq. . — o*3i^ „ Crystalline hydrated dichloride 


Reaclion 
Sn, Cl-^ 

Rn, Cl* 

Sn, 0, H=() . % 

Sii, ()-, 21P0 . 

HnCl*, 2H20 
SiiCl', 2K01 
SnO-ir*, 2HClAq. 
SnO'H*, 4lICIAq. 
SnO'lP, 2NaOHA(i. 
SnO*li*, 4NaOHAq. 
Sri.Cl-, Aq. . 
iSnCl ', Aq. . 

SiiCl‘Aq, iMCClAq. 


Ileal of Formaiion of' the Chlorides and Oxides of Tin, 

\ 


Evolution of lloat 

80- 79 heat-units 
127*24 

()8-09 
133-49 
, 5-72 
24-IG 
2*77 
311 
•215 
9-56 

81- 14 
157-16 

-250 


f Explanation 

Formation of anhydrous chlorides? from 
iTietnl and chlorine 

) Formation of hydrates from metal, 
J oxygen, and water 
Crystalline liyd rated di chloride 
(•rystalliiio cliloride of tin and potassium 
^Icat of neutralisation of oxide.s for 
J hydrochloric acid 

I Heat of neutralisation of oxides for 
J sodium hydmto 

(Aqueous solutions of chlorides from 
J • met.al, chlorine, and water 
\ Reaction of tin tetrachloride on potassium 
( chloride in aqueous solution. 


d'lio affinity of tin for both oxygen •and chlorine is very great, but more so for the 
latter than the former body. The formation of the hydrated oxide of tin from the 
metal, oxygen and water is uccdhipauied by tlic same evolution of heat as the formation 
of hydrated monoxide of iron, -and of water tjms : — * • 


Rn, 0, IPO 68-09 heat-units 
Fo, 0, H.20 - 68-28 
0 = 68-36 


The affinity of tin for oxygen is 2-41 heat-units greater than that of cadmium, but 
14-59 less than tliat of zinc. 

'fin readily takes up another Jitom of oxygen, and the oxidation of the hydrated 
monoxide into the hydrated dioxide is accompanied hy an evolution of Go-4 heat- 
nuits. 

The heat of neutralisation of the monoxide of tin for hydrochloric acid is 2-77 
heat-units, that of tlie dioxide for soda 9-66 heat-units. Hence tin docs not readily 
•Iccompose water either in weakly acid or in alkalim; solutions. The reduction of 
water by tin and very dilute hydrochloric acid gives only 2*6 heat-units; but the 
evolution oflicat and rapidity of decomposition incronso with tlie degrio of concentra- 
tion of the acid. Thvs is tlm reason why tin is a suitable reducing agent for many 
organic bodies, since the oxidation of the tin takes place at the cost of the more easily 
reducible body. The heat of formation of the anhydrous stannous chloride is almost 
the same as that of ferrous chloride, mercurous chloride, and lead chloride. 


Sn, Cl- = 80-79 heat-units 
Fe, Cl- = 82-06 
Hg2 Cr-’ = 82-55 
Pb, CP = 82-77 


On the other hand the behaviour of those chlorine-compounds to water is very 
different, the evolution of heat on solution of stannous chloride being + 0*35 units, 
ferrous chloride + 17'9 units, load chloride —6-8 units ; that of mercurous chloride is 


unknown. 


A comparison of tho higher chlorides of these metals gives— 

Fe% CP « 192-06 = 3% x 64-02 heat-units 

Sn, CP = 127-24 = 2 x 63 62 

Hg, CP =. 63-16^= 1 X 63*16 

But as the numbers of ehlorine-molocules in tho compounds are as 3 : 2 : 1, it fol- 
lows that tho formation of ferric, stannic, and mercuric chlorides is accompanied by nn 
equal evolution of heat for equal quantities of chlorine. The lower chlorides therefore 
of iron, tin, and mercury are formed with evolution of the same quantity of heat, 
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iimounting in the menu to 81*8 units for each molecule of chlorine, and the higher 
chlorides also evolve equal quantities, of boat, amounting to 63*6 units for each 
molecule of chlorine. It may tterofore be supposed that the union of tho chlorine 
atoms in the. higher cliloriile is of, a similar nature, and that tho higher chloride is not 
made up of tho lower chloride and chlorine. 

The ditference of these values viz., 81*8 — 63*6— 18*2 units, is the quantity^ which 
Thomsen has often pointed to ;j'i the thermo-chemical constant. 

xVgain, , 81*8 = 9 X 9*089 / 

63*6 = 7 X 9*080, 

* thus the absolute evolution of heat for chlorine in the two grouty, shows tho ^samo * 
constant for tho half of 18*0 = 2 x 9*T. / 

Whether other metals which have more than one chloride exhibit the same rolal ioli 
is not known, since those of copper only have been invi‘stigateil. ^ 

Tho evolution of heat for cuprous chloride is fio'To, for cupric chloride r>l*G3 
heat-units for each molecule of chlorine ; tho absolute evolution of heat is therefore 
considerably less than in the above cases ; but — •* 

81*8 : Gs'e = i*28(i : i 
05*7 : 51*03 ^ 1*274 : 1, 


and therefore the evolution of htwit of cuprous and cupric chloride stands in the same 
relation as those of the lower and higher chlorides of tin, iron, and nu rcury. 

4. Platinum and Palladium Oompounds (Tlioinsen, «/. p*. Chan. [2], xv. 
435, 473). • 


(n.) Heat of Formation of the Haldid Double Saltn of Platinum. 


Reaction 

Heat evolved 

Vt, CP, 2KCI . 

89*5 units' 

Pt, Br‘. 2KBr . 

59*26 „ 

I’t, CP, 2NaCl . . . 

73*72 ,, 

Pt, Br^ 2NaBr 

46*79 „ 

Pt. CP, 2XaCl, 6H‘0 

92*89 .. , \ 

Pt, Br\ 2NaBr, 6H-0 . 

95*33 „ 1 

Pt*CP, 2KC1 . 

45*17 „ \ 

Pt, CP, 2AmCl 

42*55 „ [ 

Pt, Br*, 2KBc . 

32*31 „ f 


«• Explanation 

Anhydrofts salts corresponding with tho 
clilorido.and bromide. 

Hydrated sodium- platinum elilorido and 
bromide. 

Salts corresponding witli the chloride 
and bromide. 


(b.) Heat of Solution of the Double Haloid Salts. 


Reaction 

PtCPK'-' . 
PtBr«K= . 

PtCPNa= . 
PtUrW. 
PtCPNa^.elPO 
PtBr«Na-‘.6H‘'0 

PtCPK^ . 
PtCPAm^ 
PtBr*K= . 


Heat evolved Exjdanation 

— 13*76 units 

- 12*26 „ 

'From those numbers may be deiluced Llio 
evolution of heat on addit ion of 6 mols. 
of water of crystallisation. 
PtCPN:i-,6H'-0 =t,i9i7. 
Pt,Br«Na‘'.'6H=0 - 18*54. 

- 1 * 2*22 ,. 

- 8*48 „ 

- 10-63 •„ 


+ 8'54 ,, 

+ 9-99 „ 

~ 10*63 .. 

- 8*55 „ 


Reaction 

Pt, Cl‘, 2RClAq 
Pt, 2RBrAq 
Pt, Cr-. 2RClAq 
2RBrAq 

Pt. ()-’, 6HaAq 
Pt, ()‘, 6HBrAq 
Pt, 0, 4HClAq 
Pt, 0, 4HBrAq 
Pd, CP, 2KC1 . 
Pd, CP, 2KCI . 
Pd,I*, H*0 . 

Pd, O'^ 2iPO . 
Pd, 0, H*0 . 


(c.) Reactions in the Wet Way. 


Heat evolved 



84*62 nnit.s ( 


57*16 „ J 


41*38 „ 1 


31*44 „ ( 


64*06 „ ) 


80*36 ., 1 


. 31*55r •„ f 


43*44 I 


79*06 


62*67 „ 


18*18 „ * 


30*43 ,. 


22*71 „ 


E.Yplanaiion 

lI®,K’-*,Na’,Am*, or an atom of the metals 
of the alkaline earths or of the mag- 
nt-sium series, may he .substituted for 
2ll witliout any alteration in the evolu- 
tion of heat. 

A molecule of hydrogen may be replaced 
by two equivalents of the metals 
named without altering tho evolution 
of heat. 

I 

Heat of formation of tlie double chloridrs, 
the iodide, and tho hydrated oxides of 
palludiimi. 
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■ Palladitim-c o u n d n. 

Reaction Heat ijvolved ExnlanaLiou 

... - 

1MCP1\.“, Aq . . . - „ ’ 

P(r, (y. 2HClAq . 72-5)1? „ '\ • , 

IM, Cl-, 2HClAq . » 47-1)2 ,, I Fonn}iti<^n of the chloro-piilladium hy- 

IM, 0-, GllClAq . lo2-38?„ f drogen acids in Jiqueous solution. 

IM, (), iHClAq . ' ;i7-61 I 

PdO'II GliClAq . . 21-05? „ I Evolution of licsit on solution of tho^ 

l’d(9^1P, lIIClAqy . . 14‘98 „ ^ ^ydrati s in hydrochloric acid. 

« * Temp«iriitiiro 1 8°. Pt. = 108. Pd. - lOG. ^ 

The haloid aompoimds of ])lal iinim and palladium form with the hydrogen com- 
l^ounds of chlorine, hnunine, sind iodine, compounds which are soluhlo in W'atcr, .'ind 
exhihit the character of l)iljasic hydracids, Le. they form crystalline soluble ssilts with 
th(i alk:ilis, alivjiline earths, and bases of tln^ magnesium series, and more or le.ss in- 
solul.ilu salts witli t he oxide of lead, mercury, snid silver. The isomorjtliism of several 
of tlu'so grou[)s iiulicates .similarity of cons6tution, Jind the heat of neutralisation for 
I he snnie base is the .sjime as th.-jt of hydrochloric acid, d'ho formula of thetw-o series 
of aeuls are PKTdl- Jind PtCPJl-. Tin, mercury, and gold form similar acids, and if 
the compounds of fluorine were included, silicon and several other elements would bo 
added to the group. The heat of neutral isat^n of all those acids agrees with that of 
liydrochlojie jicid. These bodic.s are not known in the anhydrous state, but several of 
them have been obtained as hydrated erystal line acids, c.g. PtCPII* + Gll'^O, AuCl'lt + 
81PO, AuEr‘11 -I- oir-’l ), IIgIJr“II + Ill-'O. They are all decomposed by lioat, and yield 
normally water, haloid acids, aiiid a«haloid compound of the metal ; but in many 
cases the temperature rises so high that the metallic compound is partially decomposed. 
.Some of tlieso acids are deccfmposed by water, while others possess considerable 
stability. * , , ' ^ 

It appears to bo a general rule that the heat of solution of potassium salts is always 
more strongly negative that that of the «eorrosponding sodium sails, and that the 
differences of the heats of solution of the corresponding haloid salts of potassium and 
sodium are simple multiples of a constant. Thus: 


l-iiits 


K-Cl-',Aq- Na'*Cl*Aq 

_ 8-88 +2*36 ^ 

- 6-62 - 

— 2 X 

3*26 

K*llr-,Aq Na'-Ur^Aq 

- -10*16 + 38 

- 9*78 = 

— 3 X 

3*26 

K'-^I^Aq—Xa-I'-Aq , • . 

= -10*22 -2*41 

-12*(;C - 

-4 X 

3-166 

l’tCl«K-.Aq PtCl«Na^Aq 

-13*76 -8-54 - 

-22-30 - 

-7 X 

3-186 

Ptllr«K*,Aq- -Ptl3r'‘Na-,Aq 

-12-26 -0-99 - 

-22-25 

-7 X 

3-170 


^J’lic explanation of this fact is that the sodium sails are not fully saturated com- 
pounds like the potassium salts; they have a tendency to combine with water, and 
this tenJeiieyis lea.st with sodium chloride, greatest with tin* haloid compounds of sodium 
and platinum. The formsition of potassium-palladium chloride is accompanied by a 
greater evolution of beat thaji that of potassium-platinum chloride, while, on the 
other hand, it is just the reverse in the ease of the dichloridos. This would follow 
from the fact that palladium forms the dicbloridc, platinum the tetrachloride most 
readily. The heat evolved in eac4 case is as«follows: 

IMatinnin Palladium 

Dichlorido . . . •4617 units 2*x 26*336 units 

Tetrachloride . . . 2*4476 „ x 26-353 „ 

More important is the result of the comparison of tlie difference of evolution of 
licat in the formation of compounds of two different stages of the same metals. Thus 
ill the passage of the compounds of gobi, mercury, palladium, and platinum from a 
lower to a higher stage by addition of a molecule of chlorine, bromine, and iodine, the 
evolution of heat is as follows : 

Chlorine Bromine Iodine 

Mercuiy . . . 6 x 8-858 • 4 x 8*822 3 x 8*793 

Platinum . . . 6 x 8*866 3 k 8*083 — 

Palladium . . . 3 x 8*707 — — 

Gold .... 2 X ^*505 1 X 8-930 ' — 

A molecule of chlorine, therefore, gives in tliese allied reactions an unequal evolution 
of heat in the proportion of 2 : 3 : 6 .* C, bromine of 1 : 3 : 4, &c. The mean constant 
is the same in all, viz. 8*860 units. 
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4. G old-compoiinds (Thomsen, e/l C7/c>/?. [2J, xiii. 34 8 -.300). Gold shows 
iillotropic poculiaritics according to tlie hind of solution from wliicli it is precipitated, 
and tlio kind of reagent used. Throe such modifications havo been investigated. 
When gold is precipitated from, a solution of auric chloride by sulphurous acid, it 
forms a mass which boils together ; when precipitated in a similar manner from a 
solution of the bromide, it forms n. very lino dark poM-flcr, which retains its pulverulent 
state even on drying : when reduced from the sub*chlorido, sub-bromide, or siili-iodido 
by sulphurous acid or a hydrogen acid, it has the for! i of a viTy lino powder with 
perfect metallic hfstro and a yellow colour. These fnodificatious ililfer from eacli 
other by unequal evolution of licat in similar reactions. The gold wliieh lias been 
* precipitated from the chloride by sulphurous aciil shows least encH^y and is tak^i as 
the standard of reference. 'I'hc energy of gold precipitated from tlu/bromide is great c'r 
by an *amount represented by 3‘2 heat-units, while that of gold ])rccipit;ited Iroiif 
the sub-chloride, the sub-bromide, or sub-iodido is 4‘7 units great^'r for each atom. 
The last two modifications, tlKTcforc, evolve respectively 3‘2 and 4‘7 units of lieat 
wlien converted into the first modification. 

Tho following tables give the direct results of the cx^icrimcnts on the thermo- 
chemistry of the gold compounds : 

J-^volotion 

Reaction ^'f heat Explanation 

(AuCl^Aq, JlClAq) . . 4‘;)3 units. 

(AiiHr^Aq, HllrAq) . . 7*7 „ 


Reaction 

(AuCl^Aq, JlClAq) . 

(AiiHr^Aq, HllrAq) . 

(AuCl^Aq, 3HllrAq) 

(AuTJr^Aq, SIIClAq) 

(AuCl'llAq, 4Ii;PirAq) 

(Aullr'HAq, HClAq) 

(AuO^IP, 4HBrAq) . . 3G-78 „ iffeat of neutralisation of hydrated oxide 

(AiiO^H^ mClAcj) . . 22*97 „ 1 *forhydrobromic and hydrochloric acids. 

(AuCPAq, 2SO‘Aq) . . 83*6 „ i Eednctioi of soluble haloVd compoumls 

(AuBrUlAq, 2SO-^Vq) . 61*79 „ ' by .sulphurous acid. 

/«! 4 m urn \ ^ < no * ( PccomposHion of sub-clilovide and sub- 

^-™idcbythccurresi«ndinghaIog..n 

(2Aul3r, SO'Aq) . . 42*76 „ | Reduction of sub-bromide and sub-lodido 

(2AuI, SO'Aq) . . 23*4 „ f by sulpliurous acid. 

(AuCPAq, 3KIAq) . . 45*66 „ Neutral chloride decomposed by KI. 

(AuBr'H, SlI'O, Aq) . - 11-4 „ • 

(AuCPAq) . . . + 4*4.5 „ . l.)ir»*ct deter»in.ation of heat of solution. 

(AuBr^ Aq) ... - 3*71 „ J 

( AuBP.vUBrAq) . . .‘3*88 „ Indirect determination of tho same ff>r AiiBr ‘. 

b’rorn these data Tbonisen calcuhitos the following values of the quantities (if 
heat ev(jlvcd in the formation of gold-compounds, .all the v.alues relating to tliat modi- 
fication of gold wliicli is precipitated from a dilute solution of tlie chloride by sul- 


Reactioiis of halogen-acids on tho soluble 
haloid compounds of gold. 


Reaction 

Evolution 
of heat 

(An, Cl®) . 

22*82 heat-units 

(Au, Br®) . 

8*85 

1? 

(Au, Cl) . 

5*81 

» 

(Au, Br) . 

- *08 

tt 

(Au,I) . . •. 

- 6*62 

1) 

(Au* 0®, H20) . 

- 13*19 

}} 

(AuCl®, Aq) . 

+ 4*46 

>1 

(AuBr®, Aq) 

- 3*70 


(AuBr*H, 6H=0, Aq) 

~ 11*40 * 

ft 

(AuOni®, SHBrAq) . 

29*18 

„ 

(AutPH®, 3HClAq) . 

18-44 


(AuO®U®, 4 HBrAq) . 

36*78 


(AuO®ll®, 4UClAq) . 

22*97 

0*^ 

(Au, Cl®, Aq) . 

27*27 

1) 

(Au, Br®, Aq) . 

609 

»» 

(Au, CP, HClAq) . 

31*80 

n 

(Au, Br®, HBrAq) . 

12*79 

»» 


Explanation 


llcfit of formation of anhydrous haloid 
compounds. 

Heat of formation of hydrated oxide. 


(AuBr®, Aq) . . - 3*70 „ [ Heat of solution. 

(AuBr-H, 6H=0, Aq) ~ 11*40 • „ J 

(AuOnP, SHBrAq) . 29*18 „ ] 

(AuO'*IP, 3HClAq) . 18*44 „ I Heat of neutralis.ation of hydrated oxide 

(AuO=*U^ 4HBrAq) . 36*78 „ f for 3 and 4 mols. of halogen acids. 

(AuO^P, 4UClAq) . 22‘97 J 

(Au, Cl®, Aq) . . 27*27 ] Heat of formation of solutions of neutral 

(Au, Br®, Aq) . . 6*09 „ f haloid compounds. 

(Au, CP, HClAq) . 31*80 „ jHoat of formation of solutions of acid 

(Au, Br®, HBrAq) . 12*79 „ 1 h?iloid compounds. 

Heat of rormatlon of tHe Carbon-i Boron-, and Sllloon-oompounds 
of Iron and Manfaneae (Troost a. Ilautct^euillo, Ann. (Jhim. Phys. [6], ix. 56-70). 
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The comhiniition of iron imd carbon is attended with absorption of heat, as sliown l)y 
tho fact that when a carbide of iron is cldoriiJ^itcHl by treating it with mercuric chloride, 
the qiiJiiitity of lu.-at evolved increases with the proportion of carbon present ; thus : 

1 gram of iron containing only traces of carbon gave . . . 0’827 hoat-nnits 

i „ „ 2-8 per cent. „ ... 0*879 n 

r'N „ „ 4*0 „ „ • . • • 0-896, „ 

Tho carbide of iron must be Legardcd therefore not la a true chemical compound, but 
as a solution ol tho carbon in Vlu; iron. » 

Tho formation of manganoso carbide, on tho other hand, is attended with 
ovdlution of heat as shown by the fact that a specimen containing 4*8 percent, carboi* 
gave, whoii treattVi with mercuric chlori«lo, 1*1? licat-units, whilst another containing » 
’ iVH per cent, carbon gave only 1 ‘01. Tho c.arbkles of manganese are thorc:Sorc true 
chemical compounds ; the compound Mii^O lias, indeed, a flcgrco of staliility com- 
parable with that of tho most stalde inorganic compounds. Tho ‘ fcrro-mangancscs ’ 
of commcjrce, IMn-Fc^ MiiL'c, MnU'e, &c., are likewise true chemical compounds, their 
formation being attondefi with disengagement of heat. 

Silicide of manganese is formed wiflh great evolution of heat. In tho com- 
bination of silicon w’ith iron, the (ivoliition of heat is next to nothing for the proportion 
of silicon whicli is found in metalliirgic products. 

Tho heat of formation of crysfcillisod manganese boride, MnB^, from its 
elements "amounts to 2*487 hcat-uiiits for 1 gram. The quantities of he;xt evolved in 
the formation of iron boride, containing 11 and 23 per cent, boron, are respectively 
0'r)17 and 1-811 units for 1 gram. *5 

I’hosjJhido of iron is formed witli great evolution of heat. Sulphide of iron is 
])r()bul)ly formed with scarcely perceptible evolution of heat. Tho formation of 
sulphide and phospliido of mangano8e.from tho carbide is also attended with great 
evolution of heat. * 

Heat evolyed in tbe« transformations of Acetylene (Bortbolot, Ann» 
Chim. Phys. [5], ix. 1 Go-1 7^): 

gas + 0® gas = 2 CO- gas + II-O liquid . . . . 321-0 

C-H* + 0* = C^ir-0^ Oxalic acid« solid .... 260-8 

CHI* + 0 + H-0 - C-II‘0^ Acetic acid, cryst. . . . 113-5 

C-JP + 0‘ ~ C 11 -O', Formic acid, cryst. + CO- gas . . 263*0 

C'^JP -f- JP QnV, Ethylene . . . . . . 66-0 

C*H'‘* + S' - 20NH, Hydrogen Cyanide, gas .... 36*0 

3C-H* - O'dl", Benzene, liquid nearly 190*0 

C't diamond -i- H-* «» pr .^0 _. 64*0 

Beats of Combination of Sthylene (Berthelot, 29C, 306): 

O’lP gas + Br- licpiid C-UHlr- liquid . . . . + 29’3 

C=li‘ „ + Br‘-’gas = C-H^Br^ 36*6 

„ + Br-’ „ = G-H'Br-^gas .... about 28 0 

(V^H ‘ „ + JPiSO* dilute - C-H‘.lPO.SO®, Isothionic acid, dil. , 16 01 

C-H‘ „ f SO® solid + water = CHI ‘.IPO.SO-. „ „ 63*3 

Heat of Formation of JBtbyl Chloride and Iodide ou tho assumption that 
1 J 10 ethers of ethylene give tlio same numbers as those of amyleiie (infra) (Berthelot, 
idia. 348) : 

0 WO gas -i- IlClgas - CWClgas'+ H-O gas . . . - 2*7 

CWO „ + HI „ - CWI „ + ir-O „ . ^ . . - 1'3 

If tho halo'id acid alone wore gaseous, the value for C-H®C1 would be 3*4, aud for 
(>^H-'I, 0*0 ; if, ou the other hand, all tho acting substances were dissolved in w’ater, 
tho value for CWCl would bo - 16*6, and for CHPI - 16*0, the ethers being insolu- 
ble in water. 

Beat of Combination of Amylene with the Baloi'd Acids (Berthelot, 
ibid. 292) : 


C®H'" liquid 

+ 

HI (sp. gr. 1*98) .... 

. . . 1*7 

C®H>« „ 

+ 

HBr (sp. gr. 1*79 . . 

. • . 0*8 

CW® „ 

+ 

IICI ( „ 1-20) .• . • . 

0*96 

CHI'® „ 

+ 

HI gas . . . . 

17-6 

C®H'® „ 

+ 

HBr gas . * . 

16-2 

CHP® „ 

+ 



14*8 

C*H'® gas 

+ 

HI „ = CHI'MII liquid 

22*9 

c®n'» „ 

+ 

HBp „ = C®H»®.}18r 

20*5 

C®H>® „ 

+ 

ECl „ •= C»H»®.HC1 

. . . 20*0 
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The heat of evaporation of amylcno at 12 o° in a current of air wasi Ibund to bo 
-6-25. ‘ 

Beat of Conversion of Alcohols into Acid Alcoholic Sulphates 

(13orthclot, ibid. 307). The react Ibns arc : 

I. (dil.) + :ir--S()‘tdil.) = OH"!* -()‘i-*(im)‘)(dil.) -i- \\H){\\ ff 


II. C"11-p0«i (pure) -i- Il'SOiiOiq.) - OH-p-'O** ‘C'l-'SO*) 

1 

jNFcthyl AU'ohol . 

Ethyi Alcohol 
Propyl Alcoliol . 

Pseudopropyl Alcola.d 
Jsobutyl Alcoliol 
Amyl Alcohol (ferment.) 

Glycerin* . 


n-n 

II. 


011*0 

-iVl 

4- 1 3-8 

O-'IPO 

4-7 

11-7 

CPIPO 

■l-Oi) / 

liVl) 

C*H**0 

3-3 ' 

171 

(P1I'‘'() 

2-2 

17G 

(PH*=0 

0-2 f 

lt)b 

0311*0= 

3-2 

lG-2 


Heat of Formation and of various reactions of Aldehyde (ilertlK lot, 
Ann. Chim. Pfit/s. [a], ix. 171-18(t) : 

0 -- 0-11*0-, Acetic acid, liipiid . . l- 70' 1 

0 - „ solid . . . I-. 07 0 


O-II 'O pure + 
C-H^O „ + 


C-H‘0 ^ras -i- 
C-IPO liq, I- 
C-II ‘0 + 

C-ff'O „ 
C-H'O „ 


o C -1 po- 
ll- = O-lPO liq. 
H- 0-iP* gas 

- CH* I CO 

- OH- t H-0 


gas 

28-0 ; all 


~ 70 0 
I- 32-0 
-I- ;; 7 -o 

-• fyb 
- -lo-O 


The last tvro reactions are liroiight a.l>oul by licat, thereron^ by foreign energy. 

C-JI‘0 + CP C-IPCIO + IK.M . . . . -I- .“iO-r) 

C'-H‘0 + llr- = C-ll-‘Pr(.t f- II Hr. ... i HVO: r»r= gas . + 230 
C-Tl'O + 1-^ - C-IPIO I- III - tAS; I- „ . - 8-0 

The negative value for tlie iodine-coinp(>Mnd is in aironlanco "witli the iin|»o.ssil'ili*y 
of producing the coiiipouml by direct action, 

0-'H‘0gas - CH* -}- CO- 


C-’H'O',, = C-H'-’ + 11=0 

C-’ diamond + 11* i 0 C=lf'OJIq. . . . + ICd) ; gas 

C=rT* ethylene + 0 - C=JI.'0 gas . . . . 

C^H^O alcohol, gas - C=1P0 .,+11-. •. 

C=I1'*0 „ „ + 0 r- C=I1*0 + IPO liquid 

(PIP'D „ li(j. + 0 = C=n*0 1lq. + JI-O 


C'“'H*0= acotie acid gas + H'-’ “ O'H’Oj 


+ ir- 0 { 


. — Oi) 

. - 4/)*0 

+ lO’O 
-t- lS -0 
al)t>ut — 21 ’0 
. + SO-O 

+ <1 1 -0 

. •- iro 


The la.st mentioned reaction cannot be jierfornied directly. 

The heat of vaporisation of aldehyde at ordinary tcmperalure is on the average 
-GOO. 


Bormal Propyl Aldehyde (Berthelot, CDrnyi. hnd. Ixxxiii. 113): 

C'* (diamond) + IP + 

(PlPO (propyl alcohol) + 

C=H“ (propylene) gas 


+ O 


0 - C'HH) liquid . 

o =.= car'o + dpo 

5 liquid , 


C=»H«0 




C’H®0 dissolved + 0 gas = C=*.H®0-, dissolved at 23- 
C*JI**0 pure + 840J1-O at 23" . . 

(J’lP'O*' propionic acid, liquid, + Water 
C*II®0, pure + 0 - C‘*ir‘*0= Propionic acid, pure 

Acetone (Jlcrthclot, ibid. 414): 

fP (iliamond) + H® 4- O -= C^H®0, liquid 

C=*H«ga.s +0 = CJH«0 

Heat of combustion . ‘ 


GO-G 
bG-(i 
720 
bout CG-O 

70-3 

4*0 

OG 

74-0 


(;r>-o 

08*0 

424-0 


Beat of Formation of Ethyl Acethte (Hcrtlielot, Ann. Chim. Phys. [5J, 
ix. 342). 


* Tlic oulciiliiiion for glyporiii was made ne’ordiiig to the of sulphuric acid neutralised, 

without enquiry a.-« to tin- roriiiation of two or more o»nuj)ound.‘<. 
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fMPOlOpuro + C“H'‘() diss. = diss. + IICI diss. . I 21'52 

C-H'(Pdiss. + C-^lPO C^mC-IPf)* i- IPO . . - 18 

CJ-JPOMiq., pure + C-II‘*0 piiro - (J-IP.C'-'II-’O^ pure -\- II-O liq. . -- 2 0 

C'-I['02 solid + C-'JPOliq. -= O'JP.OTPO-liq.- -i- IP’O soli ! . - 1*0 

(jtfipiQa gjij. ^ O-IlH) gas C-lP.C-lPO- gas -i- 1 1-0 gas . . — 6-6 

For the theoretical formation Iroin othyleue : * . 

OlPgas -h C-IP(FgasC= (:-'H\C-lPO- gas +10*1 

(FIP „ + C-H 'O- „ CTP.C-nHF liquid . .* . . +210 

7or various modes of formation ])y double decomposition, calculation gives : 
C-TPNaSO' I (MPNTaO- = C-ll\C-TPOMiq.* + Na'-'SO' . + 8-3 

Ether 

C-IPClliq. + cl-IPNaO- - C-mC'II^'OMiq. l- NaC! . . i-17*2 +128 

O'll'l „ + C-IPAgO- - (MP.O’lPO* „ + Agl . . +44-2 +388 

ll(!at of 

** solution 

C-II\C-H®0- + GO parts water at IG” + ;p06 

This gives for t he solution of the gas ........ + 14'00 

Heat of Formation of tbe Nitric Sthers of Sthyl Alcohol, Glycerin, 
and IMEannlte (Bertliclot, Compl. rend. Ixxxii. 3G1). 

C'^IP’O pure + NO^H pure -- C-IPNO^ pu'^o -i- H-() liq. . . . + r);8 

dissolved -!- NO^H dissolved = C-JT^NO^ dissolved + Writer — 3'0 

+ 3N(FH C=‘lP(NO=‘y* + 211-0 +13*0 

C“IPO“diss. + 3NO=Tldil. C»lIXNO'*)=* pure + Water . . . ^ItH) 

C“IPH)“pnro + GN0=‘n - C^II^Nt)*)® + GIPO +21-2 

C^IP'O^diss. + GNO^^JTdil. C'*IP(N03)« i- ClPO .... -17-1 

, Heat of 

• • solntton 

C’-'}P(N0*) + 180 parts by weight of water at 16*^ + 0*99 


Heat of Formation and Combustion of Szploslve Nitro-compounds 

(Hei’thelot, y/MW. Ckm, /V/z/.s*. |'o|, is. 1()1-165). 

1. TMution of Ilcat hi the Formution. of FUro-dcrimtivcs from their Elements. 

Meat CVoIvchI 



Kquivalcnt 

1 cq. 

1 pram 

Ethyl Nitrate, C'-21PN()=» . 

91 grams 

+ 31 

+ 0*341 

Nitroglycerin, C=’lT=XNO-)-‘03 . 

227 .. 

+ 25 

+ 0*110 

Oun-cotton,* C«lP(N()0'O-* . 

297 

+ 273 

+ 0*919 

Picric acid, C''nXNO-)=’0 

229 „ 

- 14 

-0*067 

l^olassium ricrute, C>'II"K(NO-)=‘( ) . 

2G7 „ 

+ 51 

+ 0*186 

Nitric acid, Nfl'Ml . . . . 

G3 „ 

+ 19 

+ 0*316 

Potassium Nitrate, NO^K 

101 „ 

+ 97-3 

+ 0-926 


The evolution of heat in the decomposition of explosive bodies- the water being 
con.sidered as gasnons — can be calculated only for nitroglycerin, which alone contains 
sufficient oxygen for its combustion. This, for 1 mol. * 227 grams, amounts to 405’5, 
and for 1 gram to 1*78G kil.-degries. 


2. Evolution of Heat in the Perfect Combustion, of Exjdosive Substances by free Oscygen^ 
the loater heiny supposed to be gaseous. 


Ethyl Nitrate 

Molcc’uh? 

. 91 

Heat of combustion 

1 mol. 1 gram 

305*5 3*357 

Nitroglycerin 

. 227 

406*5 

1-786 

( I iin -cotton .... 

. 297 

— 

1-572 

IMeric acid .... 

. 229 

668*0 

2*919 

J\)tas8ium Picrate 

. 267 

661*0 

2*473 


If A denotes the heat evolved in the combtistion of 1 equivalent (semi -molecule) 
of the substance contiiining carbon and hydrogen by free oxygen, and n the number 
of (Miuivalents of oxygen consumotl, th^ heat evolved when the combustion is effected 
by various oxidising agents is as follows : 


• Borthelot gives for pun-ootton the formnla C“n’“0*(NO*II)“, and tnoloculor weight 649, making 
the Iimt of formution for 1 nml. 602 ; Imt there Is nn error in tlic calculation*: the molecular weight of 
C“jr"0'‘(NO’'ll)“ is 361 , and the corresponding hcat-cquivalent is 832 (or 273 for mol. wt. 397). 
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CuO 


Copper Oxide, n 
Lead Oxide, 


Tin dxides 


SnO 
2 ” 
„ SnO- 


Antimony Tetroxido, « 


Sb-0‘ 


Mercuric Oxide, n 


Uismutli Oxide, n 


Bi=0=‘ 


Silver Oxide, n 
Lead Nitrate, » 

12 

Silver Nitrate, » . 

6 


Potassium Nitrate, n 
Potassium Chlorate, n - 


A-18'6n 


A— 2r)ln 


A— 35'On 


A- 31 On 

/ 

A-LV3n 


A- 6*Gii 


A- 30n 


A- r>-3ii 


A- Pin 




A- 


I o { formation 
^ K‘*C()=> 


A— 2’on 


KNq» 

6' 

, KC10» 

6‘ 

Beat evolved In tbe Formation and Combustion of Formic and Oxalic 
Acid (Pcrthclot, Compt. rend. Ixxvi. 1433 -1441 ; Amt Chim. P/n/s. {f)], v. 310-318). 
I'or the heat of. formation of formic ac.id from its elements, IhTlln'lot finds : 


C (diamond) + H- + 0* 
C< „ ) + H- + 0= 

For the heat of combustion : 


CIl'-O- (liqui.l) 
CHW^solid) . 


03' 1 
0.r5 


CH-O* (dilute) 0 (gas) = CO- (dissolved) -f H'-’O . . . 75'5 

CH‘-0= (cryst.) + 0( „) :=: JLIO- (gas) + II'-’O (eryst.) 60'0 

ClI-O- (gas) + 0 ( „ ) =, CO- ( „ ) + JJ-iQ (gas) . . 65 0 

For the formation of marsli gas by the dry distillation of barium formate : 

2(CHO=)=Ba = CH‘ 4- 2COniu -f 2C0- 5*4 

For the formation of oxalic acid : 


C® (diamond) 4- ll- + 0- = C-Il'-O* (cryst.) 
For llio combustion of oxalic acid ; 


106-8 


CUI-0‘ (cry.st.) 4- 0- = 2 CO- gas 4- H‘-'0 (li<i.) 60-2 

For the dissolved acid in its conversion into watei' and CO- gas . 62'6 

For G-I1*0^ dissolved 4- O - 200- (diss.) 4- IPO . . . 737 

Thermochemistry of Acetyl- derivatives (Berthelot a. Lougiiinino {Ann. 
Chirn. Phys. [5J, vi. 289-304). The decomposition of acotyl clilorido by water ; 

C'-lPOCl 4- H^d 4- a:Aq C-lf^O-' 4- IIGl 4- a-Aq . . . 23 3 

Since now the heat of solution of gaseous hydrochloric .acid in water amounts to 17*4 
hetit-unils, and that of crystallisable liquid acetic acid to 0-4, it follows that 


C-H>0C1 + IPO = C-H<0- (liij.) + JlClgas . 

The decomposition of acotyl bromide by water gives 


. 4- 5-6 

CTPOBr + H’O = Cm*0- + HBr + lAq 

The heat of solution of gaseous II Br is 20*0, therefore 

• 

. 23-3 

C'lPOBr + H^O = C»ir*0- liquid + IIBrgas . 

The heat of decomposition of acotyl iodide by water is 


2-9 

C'lPOI + IPO + xAq = C*IPO“ + III + xAq . 
The heat of solution of HI is 19*57, therefore 

• 

. 2P4 

(?JI*OI + H'A) C.‘n*OMiquid + HI g:is 

, 

. +1-8 
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According to these results, the formation of tho acid chlorides, bromides, and 
iodides from tho corresponding organic acids end tho halogen acids should la; attend ihI 
with absorption of heat. Gonsoquontly, these bodies are formed only in presemio of a 
compound, like pliosphoric or sulphuric anhydride, tho combination of which with 
\^ator is accompanied by evolution of heat, e. g. 


^0* + + KOI = C-11»0C1 + . . about +180 

F-*0» + 3C“JFO= + 31101 - aCnPOCl + 2'"JFO< . . . +17 C 

0 

Hence for tho substitution of tho halogen-elomonts in acetic acid : 

.c-iPO= + ci2 - 02irao2 + irci . • . . . . +30 0 

0-ir'()= + Tr^ = C-lPJlrO- + IlHr . + 4 8 

C-JIH)- + P - C-IPIO- + HI -HJ O 


It follows from this that tho direct substitution of iodine for hydrogen cannot be 
bflfected. On tho other hand, acetyl iodide and iodated compounds in general are 
easily attacked by liydriodic acid, with separation of iodine. Acetyl chloride is con- 
verted by gaseous hydi'iodic acid into iodide, and by gaseous bydrobromic acid into 
bromide, with evolution of 3 kil. -degrees of Irtat. On tho other hand, chlorine expels 
bromirio from acetyl hromide, and iodine from the iodide. Moreover, iodine can bo 
replaced by chlorifto, with the aid of silver chloride : 

C=^IP0I + AgCl - C‘-TP0G1 + Agl + 7 

These examples show how thcrmocliemical investigations may serve as guides in the 
clioico of reagents for the preparation of any* lesired compound. 

Tho decomposition of the ddoridcs and hromuhs of tho fatty acid radicles by wafer 
has also been studied by W. Louguiiiinc. The following values relate to tho reaction : 

Chloride or Hromide (liquid) + gas - Acid (liquid) + Hydrochloric or 


Hydrobromic acid (gas) : 

<.’hlorldc 

Bromide? 

Acetic . . . \ 

17*6 

13*8 

Butyric (normal) . ^ . 

,14*75 

12*84 

Butyric (iso-) 

1308 

13*01 

Valeric acid (iso-), from valerin i 

12*66 

12*68 

,, „ by oxidation 

13*43 

12*60 

Trimethylacotic chloride gave for : 

C*IP0C1 (liq.) + IPO (gas) = 0Mt“05 (solid) 

+ HGl (gas) . 

8*04 


For tho conversion of acetic anhydride into the acid, Bertholot finds {Coynpt. rend, 
Ixxx. 699) ; 

+ Na'*0 (in 8 litres) = 40'o8 hcat-imits 
20=11^0= + „ 2G-6C 

and by subtracting from the diflfcrenco of these two numbers, viz. 13*02, tho heat of 
solution of acetic acid, there remains for tho heat of conversion of C‘n®0® into 

+ IPO - 2G=IP02 13*12. 

This value is regarded by Bcrthclot as more exact than tho number 12*0 formerly 
obtained by tho very slow action of water on the anhydride. 


Heat of Solution and of Chemical Action in Wet Way. 

Znllueiice of Temperature on tlie Beat of Solution and the Heat of 
Chemical Action In g-eneral. The following general law of the equivalence 
between heat and chemical change, founded on the principle of the equivalence between 
heat and mechanical work — in this instance molecular work — and on tho general law 
of the conservation of energy, was enunciated by Bertholot in 1865 {Ann. Chim. Phys, 
[4], vi. 329) : When a system of bodies, simjAe or compound, existing under given con- 
ditions, tindergoes physical or chemical allcralious which bring it into a new state without 
the aid of exlci'nal mechanical actions, the quantity of heat evolved or absorbed during 
these changes depends exclusively on the initial undfina^ states of the system, and is the 
same whatever may he the nature and results of the iniermediate states. 

Now suppose a system of still uiicoitibined bodies to be raised, by assumption of a 
number of lu3at-uiiits, U, without experioneiiig cheinieal change, from the temperature 
t to the bighor temperature t ; then suppose coiiibinatioii to take place, and let tho 
(juanlity of heat thereby evolved be denoted by Q,- Nexit lot the resulting comjMniud, 
without experiencing any chemical change, be cooled from t to ^ by abstraction of 
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V units of boat. Lastly, let Q/ be the iiuniboi* of boat-units evolved when the same 
bodies unite cheniieally at the tomperatir’e t ; thou it follows I'roiri the general principle 
just enunciated that : 

Qj - Q, U - V. 

If the interv'al of tomporatiirc r~t bo so chosen that neither tlic uncombinod 1^‘js 
nor any of the products of the r. Act ion sutler a cliango. of aggn^gation, the premling 
equation may be writti'ii in thisiform: 

• Qr - Q/ - (2c- - S.’OU ^ /), 

.where Sc flcnotes tliosuin of the specific heats of tlie atoms of the uncombiued boCios, 
and 2c, that of the combined botlics. ' 

In ilio gaseous state, the quantity of heat evolved in chemical reactions is but little 
affected by temporat arc, on account of the slight differences between tlto specific heats 
of the gases before and after the reactioji. The. liquid state is, on the wliole, the 
least fiivourablo to the comparison ol the quantities of heat evolved or ahsorbed in 
reactions, on account of the rapid alteration of the specific heat of liquids with the 
tompertiture, whereas the alterations Ol the quantities of heat evolved, referred to 
the solid state, consequent on a change in the initial temperature, mostly fall within 
tile limits of error of obsorvalioii (Bcrthclot, Compt. rend. Ixxviii. 1670). 

Evolution of Heat in Solution at variou.'i Temperaiares, and m the Dilutim of Con- 
emtraied Soluiiom . — Let C bo the molecular heat of the salt ; mH‘ 0 the quantity of 
water in wliich 1 mol. of the salt is dissolved; IS^e + K tlit5 specific heat of this solu- 
tion. Now from the obscrvatiuiis of Schlllor Suppl. 608) it. may bo inferred that 
K< (J and even <0, for the more dilute solutions. Lelwcen tlio teinpemt^res r and 
/, the heat-capacity, U, of the cunstituents alone is equal to (18« + (^) (r — t), and that 
of the solution is V = (18n+ K) (r - -t) : con'^oqnently : 

u - V (0 - K)(t -,o, 
and according to Bcrthclot fundani< nlal (equation (suprn) : 

Qr - Qr - (Lc- K)(t - 0- 

If now K < C, as it always is for solutions of an anhydrous salt in a largo quantity of 
water, and if the solution at tlic t.omperaturo ^ is attended with absorption of lieat, 
the quantity thus absorlu-d will bo greater as the initial tcmporatiiro t is lower iu 
comparison with i. (Jn the other luind, the higher the initial temperature, the smaller 
will be the quantity of heat absorbed until, at a certain temperature, solution will 
take place without cither evolution or absorx>l ion of heat. For initial temperatures 
higlier than tliis, an evolution of h(;at takes place, increasing in amount as the initial 
toiuperaturo is higher. Jf, on the contrary, h. at i.s evolve*! at a certain temperature 
t, the amount so evolved decrca.ses as the initial temperature is lower, is reduced to 
nothing at a certain limit, and, on further lovi.Ting of the initial temperature, passes 
into a continually increasing absoiqnioii of heat. 

For the te/npemture r of solution ^ nnatU nd d cither htj evolaliou or hy ahmrption of 
heat, we Iiavo the equation : * 

Q, ^ Q, + U - V a, + (18/J -H C)(t - 0 - K)(t - t) ^ 0. 

Q 

whence *>■ - 


For example, Bcrthelot finds tliat the solution of anliydrous sodium sulphate, in water 
at 21*5° is attended with the evolution of 780 units of heat. 

Na'“.SO^ (M2 grm.) V looH-O (7200 grin.) evolves 780 gram-degrees. 


From this and thq molecular heats of the .salt and its solution, the temperature at 
which dissolution takes place without thermal change may bo calculated lus follows: 
F*or the solid salt, the nudecular heat, is 32-2, that of the initial system is therefore 
7200 + 32 2 -- 7232 ;j. For the final .system, that is to say, the resulting solution, we 
have: > ^ 

Specific M«)lecular 
tjout h«it 

0*0835 7222 

0 0805 7100 

0-070 7 1 CO 


according to Rchiillor (') 

„ Marignac (-) 

„ Thomsen (•') 


(‘) lit. Snjjpl. GG8. 


il - V 

(72325-7222) (t-21-5) 
(72325-7100) (t- 21-5) 
(72325-71fi(*) (t-21-5) 

O ^«<1* 8ni)i>I. (iOl. (=•) lOid. fitly. 


-52-8 
- 2-8 
+ 9-8 
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Tho preceding values of t are calculated from the equation Q, = 780 + U — V 

f 7ftO 

whence, according to Schuller, t - — ' - + 21 *5 = — 62*8° 

10*5 

(t 

^ „ Marignac, t =. - + 21*5 = - 2*8° 

36*5 , 

„ TlioTi\snn, T = - + 21*5 = + 9*8® 

1 66-5 ^ 


Fn^m direct observations at + 2*5^, + 3®, and + 3*9®, all of which indicated absorption 
of si^all quantities of heat, Tlcrthelot infers that ^he temperature at which no thermal 
change would tako place, is about + 7®, which is ' intermediate between those deuced 
ifcroin the observations of Marignac and Thomsen. Tho accuracy of the calculation of 
T is diminished by tho fact that the divisor results fsom a small difference between 
two large experimental numhers, so that small errors in the determination of the 
lat ter will exert a considerable influence on the result of the calculation. Moreover, 
the calculation is based on 'the assumption that within the observed limits of tempera- 
ture 110 change takes place in the heat-capacity either of tho solution or of its 
constituent s. 

Crystallised potassium carbonate, K^CO* 1 dissolves at ordinary temperatures 
with absorption of heat, and calculation shows that within the limits of temperature 
accessible to experiment, dissolution is attended sometimes with evolution, sometimes 
with absorption of heat. Berl helot observed tjjjo following thermal changes : 

KW.1JH=0 + ~ 2 U gram-degrees 

^ fallout 32- . . + 240 „ 

The point of no thermal change must be situated near 25®. By similar calculations 

it is found that tho absorption of Iioat wliich takes place on dissolution at ordinary' 
temperatures Itccomcs nothing aj^d then passes into evolution of heat: 

for BCl, in 100 H^O at about 130®. 

„ NaNO=‘ ill 100 If'-'O „ 160 

„ KNO- in 200 H-^) „ 200 

For tho dilution of tho solution of 1 mol. of a salt in u mol. water by addition of 
mol. water, C = [18(?i-f-w,) + Kl(T-t{) and V = [18(w-l-«j)-f K,i(r-if) : therefore 

Qr = + (K - K,)(t - 0- 


?sow ns K is always greater than Kj, the evolution of heat on dilution increases as the 
initial temperature is greatc? ; con-setpiently an absoppt ion of lieat taking place at ?!® 
gradually diminishes as tlu- initial temperature increases, then becomes nothing, and 
pjisscs into a continually increa.siiig evolution of heat. For thotemporaturo of dilution 
without thermal cliange, wo have the equation 


Qr - Qf + (K - K,)(t - 0 - 0; 


whence t ~ ^ 

' , K - K, 

(Bertholot, Compt. rmd. Ixxviii. 1722 1730). 

Ily further experiments {Aoiv. Chim. Phys, [5], ix. 43) Bertholot finds that tho 
heat of solution of .slightly sf)lul)]c bodies oxhibii’s the same ohaugcH of sign aud m.ag- 
nitudo as those above noticed in very soluble bodies: 


Calcium TIydr.ato, at .about 15® . 

Strontium Sulphate, SrSO*. anhydrous 
Calcium .Sulphato, CjiSO'.211"0 

Load Chloride .... 
Potassium Picrate, C“Jl'\'NO'‘*)*K 


at ordinary temperatures 
a little below 15® . 

above 25 ’ 


+ 3 

nearly 0 
positive 
negative 
- 6 
- 10 


Berthelot takes a similar view of llio thermal changes which occur in crys- 
tallisation, precipitation, coagul.ation, and tho conversion of an amorphous into a 
crystalline body, and ]>roposrs, a.s a difTorontial in'c'diod of measuring tho specific. heats 
of dilute solutions, tho determination of tho magniUido U — V by two mixturo-expori- 
ments to bo carried out at tiunporaturcs differing from one anotlier by 10 or 16 degrees, 
the calculation being thou performed according to tho equation U — V — (K— K,)(t — /). 

On tlio iir/liionco of temporaturo on tho Ifoat of Chemical Combination in the Wet 
way, SCO also 'I homson {Dent. (Jhem. Ges, Her. vii. 1330-1346 ; Jahresb. f. Chem. 1873, 
64). 

3raJ Sup. 
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Jiclatioiis between the Heat of Solution of Salts and the Density of ^ 
the Vajio^irs evolved f rom their tolutions. — It. has boon shown l)y Kirchlioft 
(J^ogy. Ann. cxoiii. 19(>) thnt tho thcrnilc effect pmliiml in the dissolution of a solid 
or liquid body in water is related *^0 tho vapour-ileiisity of tho solution in tho manner 
represented by the formula — 

ATV¥± \o^Q)dm, 

in which dQ denotes the heat absorbed on addition of ilio weight dm of tho suhstanco 
I at tho temperature t; A — the heat-cqui valent of tho unit of work; T -^+^273 

tho al^)Solute lemporaturo ; K the maximum tension «)f water-vapour at tlio samo 
temperature. 

The correctness of this theory has been demonstrated by Moutier (Ann. Chini. 
Phys. [4], xxviii. 510-529), by comparison willi the experiments of Wiillner (iii. 95) 
on tho vaxumr-tensions of various salt-solutions at dido rent degrees nf concontratioT), 
together with those of Per-son (dahreA). f. Chern. 1851, 57) •an the heat of solution of 
the same salts under similar comlitions. 

Constitution of Acids and Salts in Solution (Ilertholot, Compt. rend. 
Ixxxi. 844- 849). Tho relative str.-nglh of acids and bases may l.io estimated by tho 
extent to which their salts are decomposed by increasing qiiaiitltios of water, as indi- 
cated by tho accompanying evolution or absorption of heat. 

Strong acids and ba.ses, dissolved iifi separate portions of water and then united 
in equivalent quantities, form neutral stable sails, which diseiigai^e quantities of heat 
nearly constant for the diife rent acids and ba.‘-es of this category. This quantily of 
heat docs not .seem to vary on the addition of q fresh j)orlion of water, or of a base «>r 
acid identical with or ditlerijig from those already in eondiiiiation. I'rom this it may 
bo inferred that water does nut tend to separ;il« such bases and acids, at lea.st in any 
appreciable manner. To such a class belong the chlt)rides, nitrates, ami neutral sul- 
phates of the fixed alkalis • 

Weak acids, on the ollur hand, combining oven with strong bases, form salts 
which are decomposed by wat(‘r, tlie <le' ompnsilion increasing with the amount of 
water added, and decreasing with the amount of base or acid. Thu progress of this 
decomposition is not alwjys the same, but increases sometiim s imlefinitely, somi'limos 
up to a C(‘rtaiii limit, (hqiomlirig on the amount of water addeil. This is observed 
in borates, carbonates, alkaline plienates, ,and evt-n in acetates, butyrates, valerates, &c. 

Sometimes the decomposition of a neutral .‘<a It takes {)l;ie<.' aliimst entirely on the 
first addition of water, in such a manner that, an nbsu^>lion of heat occurs nearly 
equal to that ilisciigaged in tlie initial format iem of tho alkaline salt; lliis is the case 
with tho alkaline compounds derived from alcohol, maimite, glycerin, &c. Jn salts 
containing weak bases, siuOi .as the oxides <.'f llio heavy metals, the deeumposiiig action 
of water shows itS'-lf distinctly even in pivseina) of strong acids, and still more in 
presence of weak acids. 4'he ammonia-salts of strong acids likewise show .signs of 
decomposition by wnU r, and in ihosi? of weak acids tin- de«-oniposition is much more 
evident. Thus the neutral carbonate and phenate of ammonia are decomp(jsrd by 
water much more ri-.adily tliaii the carbonates and ])!i\'nate.s of file fixed alkalis ; and 
between dissolved alkiili carbonates and the nit rate, ciiloride, or sulplialoof ammonium, 
double decomposition takes place, resnltifig in the formation of aminoniiim carbonate^, 
and tho union of the strongest acid with tho strongest base, producing tho most stable 
salt. 

Tho following law, founded on thcrmo-chcniieal investigations, is laid down hy 
Berthelot (Bull. Soc, Chim. [2|, xix. 156). The salt udto.se formation is attended with 
the greatest evolution of heat, is uliuays ynduced when the salts at whose expense Us 
formation tahes place are present in the .solution in a .state of partial decomposition. 
The sum of the reactions defer mined by Ihr formalion nf this principal reaction is not 
however necessarily accompanied by the greatest possible evolution of heat but may even 
be aitendvd with absorption of heat. Tims, for example, potassium carbf»riate in solution 
decomposes ammonium sulphate, ami is converted entirely or iirjarly so into potassium 
sulphate with absorption of 3*2 units of heat. The point to be determined is tlieroforo 
the stability f)f tho salt.s in,presorH;o of water. This can in many cases bo measured 
by tho thermic changes accompanying dis.‘<oluti»)ii and dilution, as in tho case of 
ammonium salts with weak acids, which d/ccompose to an extent increasing with tho 
quantity of water present (2nd Suppl. C28, 629, G3J). 

The decomposition of aramoiiia-salts containing .strong acids, the sulphate for 
example, wh'u-h is slight and not Hen,sible to tlie tlnirrnoim^ter, may bo rocognisod by 
the Jicid reaction produced, and by the alkalimetric analysis of tho distillate. 
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If, for example, only a few ten-thousandths of the whole are decomposed, the addition 
of an alkaline carbonate disturbs the equilibrium so far as to produce complete conver- 
sion into potassium sulphate and ammonium carbonate, because free sulphuric acid 
cannot exist in its presence, th» formation of potassiftm sulphate disengaging a greater 
quantity of heat than that of the carbonate. Ammonium carbonate is also completely 
deedNposed by an equivalent quantity oven of dilute , sulphuric acid, as sho\^n by the 
t hermic changes which take p*ac(i (Jlerthclot, Jahresh.f. Chem. 1872, 01). A similar 
explanation applies to the don'blo decomposition of metallic salt*, "i'hus, in conse- 
quence of the partial d»‘eoinposition of dissolved ferric nitrate or sulpliate, the addition 
of J^^ium acetate gives fiso, according to thermal observations, to almost complete * 
decomposition (ibid, 84 ; ‘inrf Suj>pl. 287). Of atl tlie salts whoso formation is pos.*^!- 
1^1 0 , the one actually produced is that whose formation is attended with the gfoatest 
evolutioji of heat. Tiic same rule dot(;rmiiies also the action of acids on dissolved 
salts t7/m. 1872,90; 2nd Sitppl. If the salt which evolves most 

heat is stable in presence of water, its formation will be complete; but if it suffers 
partial decomposition undef tlie influence of water, its formation will be limited, in 
proportion to tins dt'gree of its stability'. The Alxivo-nioiitioned rule, which is applic- 
able to all saline solutions, is regarded ])y Berthelot as confirmatory of the general 
therraocliemical principle, according to which every chemical change which bikes place 
witliout external'influence results in the formation of that body or those bodies whose 
production is attended with the greatest i; volution of heat. 

Redmolution of Rrccipi/afrs by Auuh. — Ilerthelot finds that the laws which regu- 
late the division of a base between two aeids aid the formation of soluble salts within 
a solution SiippL 28(5) are applicable also to insoluble salts, inasmuch as theso 
latter are compbitidy decomposed and dissolved by slrougor acids, wliich act on the 
base of the salt with greater evolution of. heat. Insoluble silver acetate for example 
is immediately converted by nitric acid into the soluble nitrate : 

NO=*H diluted C‘il*AgO‘^- X()®A*g dilnto i- dissolved, gives , — 3*0 kil.-deg. 

Hut this absorption of iieat is due to the conversion of a solid into a dissolved body : 
for calculation gives-- • 

N0>1I diluto + C^lPAgNO-'-NO^Ag solid -t-C*Jr<)2 dissolved . . +2 kil.-deg. 

and if the two aeids wore separated by water, the evolution of heat would amount 
even to 9 kil.-diigs. A number of similar cases niiglit be adduced in which a salt 
insoluble in water is completely dissftlved by a monobasic acid. The dissolution of 
insoluble carbonates bv monotiasic acids, such as nitric or hydrochloric, in solutions 
concentrated but Containing a quantity of water snlfl»Mont to dissolve the carbonic 
acii], is likewise complete. In dilute .solutions the action is attended sometimos with 
evolution, sometimes with absorption of lieat (silver carbonate and nitric aei'l). 
Thermic nieasur<*ments also .show that 1 mol. precii»itatcd calcium tartrate, C'H^CaO'’. 
must, bo completely decomposed by 2 mols. hydrochloric acid. A similar reaction 
takc.s place between barium citrate and dilute hydrocliloric acid, and lictween barium 
tartrate or citrate and dilute suli^liuric acid (Compt, rend. Ixxvii. 393). 

Solution of Mixed Salta.— The thermic relations in the solution of mixed salts 
in water, ami the accompanying double ilocom positions have been investigated by A. 
Wiiikolmanii Ann. exlix. 492 lO^l). The general result may be stated in tlie 

following propositions : (1). In salts which do not suffer mutu.il deeompo.sition when 
dissolved together, the law observed by Person (/!«?/. Chim. 7V/y.«.*[3], xxxiii. 448) 
that the quantity of heat absorbed in the dissolution of a mixture of salts is equal to 
the sum of the (luantities alxsorbcd in tho dis.solution of the imlividual salt s -i.s nearly 
true, and tho more nearly as the solutions are less concentrated. The specific heat of 
the .solution of such a saline mixture is also nearly equal to the mean specific heat of 
equally concentrated solutions of the individual salts, of wliich the mixed solution 
may be supposed to be ultimately constituted. (2). 'Phe form of tho compounds in 
which acids and bases are intrcKluccd into the solution is not always a matter of in- 
difference, inasmuch as the state of oquilibrium which is ultimately established in the 
solution may depend upon that form. Instances this are .afforded by ammonium 
nitrate and sodium chloride on the one hand, and sodium nil rate and ammonium 
chloride on the other. The following coinpiyison shows the deviation from Persoivs 
first law, wdiich may take place in mixtures of salts which do not undergo mutual 
decomposition when dissolved in W'at or. 'Pho mixt uro of these salts in equally con- 
contratod solutions is usually attended with a rise of lemperaturo, as observed by 
Marigiiac (2//y/ Suppl. 635) ; Winkolmaiin however, as also Marignac, has noticed 
some cases in whicli a fall of temperature is produced, thus — 

3 s 2 
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Rise of temperdturo for — Fall of tempcratiure for — 

KCl and NiiCl. NaCl and NH^Cl. 

KCl and KNO». f NaNO» and NH«NO^ 

NaCl and NaNO» ' 

KCl and NH^Cl. 

^ NH^ClandNiraOM . ^ 

For tho combinations in the first group, therefore, jhq quantity of heat calculated 
according to Person s first law, as requirexl for tho solution of a mixture of salts, is 
greater than tho quantity actually used up, while for those in tho second group it is 
’ less, I3ut in both cases tho tlifforenees between the observed and the calci^',Atfd 
quantities are so small that for loW degrees of concentration they fall altogctlier 
withi/i tho limits of observational error. 


Heat of Combination and Specific Heat of Liquid Mixtures. — Wiiikel- 
mann {Pocjg. Arm. cl. 692~G19; eli. 512) has determined tliese dafti for mixtures of 
alcohol and bonziii,* of alcohol and carbon disulphide, and of benzin and carbon 
ilisulpbide, in tho first case at three, in the other two at two ditTorent temperatures. 
Tho densities and the specific heats of Che individual constituents were as follows : 

Alcohol. 


Sp. gr. at 10 03° = ()-791G. 

Sp. heatK* 0-5721 + 0-001443^ + 0 0000122^-, between 3-82 and 28-18°. 

Benzin. 


Sp. gr. at 16-50° = 0-6986. ^ 

Sp. heat Kj = 0*5244 + 0-000220^, between 3*32° and 19*06°. 

Carbon Disulphide. * 

Sp. gr. at 16-06° = 1*2665. 

Sp. heat Kt = 0-2575 + 0 000182/, l)kwcon 4*47® and 18-62°. 

Tho mixing of alcohol and benzin, alcohol and jCS*, benzin and CS*, is attended 
with a fall of temperature, and tho amount of h(^at absorbed on mixing 1 gram, of 
either constituenl with Varying qiiaritit'es of the otht*r, increases with the quantity 
of tho latter constituent. In this case, therefore, tho same law holds good t hat is 
observed in tho solution of salts at comparatively low temperatures, namely, that the 
quantity of heat absorbed in the act of solution increases with the quantity of water 
used. A comparison of the quantities of heat required for tho formation of a given 
weight of a mixture from different proportions of its constituents, always exhibits a 
maximum for a mixture of equal j)art.s of the two. brom this point, in tho three 
mixtures above mentioned, the quantities of heat coiisumwl diminish most quickly 
on the side where tho mixture contains a predominating quantity of that constituent 
W’hich has tho greater specific heat. The mixtures of alcohol and water form, in 
re.spect of their tliernial relations, a peculiar group, in wliich, on tho contrary, moro 
heat is evolved on mixing 1 gram of alcoliol with a larger quantity than with a smaller 
quantity of water. 

Tho following table exhibits the specific heats and heats of mixing of mixtures of 
alcohol and water, as determined on tho one hand by Winkelmann, and on tho other 
by Dupr6 a. Page {Phil. Mag. j4|, xxxviii. 153 ; sco also 2nc\ Suppl. 474). iSeries I. 
and III. show tho quantities of heat evolved in ^^)o formation of 5 grams of tho 
mixture referred to tho initial temperature 17° ; scries 11. and IV, tho specific heats 
of tho mixtures for the interval of tejuperaturc 17*4 ' to 20-5°. 


Alcohol in 

10 pts. of mixture 

Dupr6 a. Page 

Wiiikelmfiiin 

I 

U 

ni 

IV 

1 

26-68 

1-0358 

25-90 

1-0302 

2 

43-95 

1-0436 

42-70 

1-0474 

3 

47-98 

1-0260 

47-23 

1*0337 

4 

44-86 

0*9680 

42-60 

09872 

5 i 

35-58 

0-9063 

35-02 

0-9243 

6 ! 

27-26 ! 

. » 0-8433 

26-72 

0-8662 

1 7 

18-82 

0-7844 

19-05 

0-8060 

1 8 

12-48 

0-7J69 

12-06 

0-7389 

: 9 

7-70 I 

0*6576 

6-54 

0-6746 


Tho soiuowhat considerable differences between these numbers follow a regular 
order in the specific heats, but in the heats of mixture they are quite irregular. 

On the specific heats of mixtures of alcohol with water, carbon disulphide, chloro- 


• ‘Benziu,’ also called ‘ligrom,* is a constituent of petroleum ; b. p. C0°-80° ; not to bo con- 
founded with benzene. • 
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form and bonzin, see also Schiillop {2nd Sunpl. 477), whore, however, benzin (from 
petroleum) is erroneously aillod ‘ bcnzoiio.’ * 

Beat of Combination referred to tbe Solid State, llcrthelot {Compt. 
rend, Ixxvii. 24-32) considers Jhat in (\stiraiiting lh<f quantities of heat evolved in the 
fiction between dissolved bases and acids, sufficient account lias not been taken of 
thdrti^uble decompositions occurring in solutions, fiuch decompositions indetd cannot 
bo foreseen, except by calculation of the thermal action which w'ould take place; 
between the bodies if they were separated from the water, together witli the investi- 
gation of the special action of the solvent upon each. Ho has, therefore, referred the 
qiulatif ies of heat evolved to tin; soli<l and crystalline state, the calculated values for« 
wliicn alter but little with the temporaturt;, in fonscquencc of the sniallnoss of the 
alt-oratiou in the specific heat. For the calculations in question it is neccsjuiry to 
tnow, not only the quantities of heat evolved in the reactions between tho dissolved 
bodies, but likewise tho heat of solution of these bodies. With this view Borthelot 
has determined the heats of solution of the following compounds : 

Hkat of Solution of ^alts. 1 pt. ,Salt Dissolved in 50-100 pts. Wateb, 

1. Monnhdsic Salta. 


Forniatcs 


Aertates 


Benzoates, 
Picrates, &c. 


cryst. 

-2-3r> 

C*U*0* cryst. 

-21:{ 

<V'ir(P 11 bout 

- fJ-6 

CJl=(J= lifiuid 

(JOS 

V/Wiy liquid al (011^3° 

0-24 

(pivalate) solid 

()-34 

• 


C'JPO^ „ „ r 

0-40 

C‘’It'‘(N<P)=’0 

- 7-10 

f)lIK()» dry 

-0-93 

dry 

3-27 

C-TIMvO-* 

- 118 



(’’’IPKO® fused 

:}'2l 

C’HWaO- 

0*78 

C4Ii\aO» dry 


C'iPNaO^ dry 

4-(»S 

C’TI-NIl'ir 

- 2 09 

C1IN11.‘0» 

-2*y‘l 

IJ'lI-'NaO'-* fused 

i'2;5 



UllCa^O’ 


(.♦H'Na(J-'-l-3lP(> • 

1-58 

C-’l.l (pivalate) * 

7-35 (>) 

033 

CMFCa-O* ^ 

(r^ITa-O^+AlPo 

3-51 

2-GS 


-IU-0 


CilSr-0’ 

o-:;! 

C-‘JPSr'^0» 

2-78 

(7IP.\a(Nf)'*)^() 

- 0-44 

(MiSr-<)N-U=0 

-273 

C'H\sA)--J-}ir-(i 

2G:{ 

C'‘ll-NH*(N(J'*)‘0 

- 87 


-1'22 

(r-ii 

2-G2 






-0*41 

AinO^K 

-10-30 



•fPIPMn^O" 

G12 

.N(T-‘Ba4 




C“irMn^( P +211-0 

0-79 

- 2-48 

CUZii^)'- 

1-99 

oni'Zn-0^ 

!'9I 

NtJ-d)a“ + Al.l=0 

- 4-30 

CJiZn^OM-H-O 


C’H’Zn^O* + llP(i 

:}-18 



-.1-20 i 

Cr^H=’Zu-0»+Il-() 

2-12 

CyKO 

- 5-17 

(IJiCiAp 

o-2(; 

C-II^On-0“ 

1-21 

CyKS about 

- 5-70 

ClI(hi-()’+2H\) 

-ri!J2 

(:»II‘(’u^O*+4IPU 

0-40 



UUrb^O’ 

-3-40 

CPii*rb"()» 

070 





c'^ii’rii-o’+’TPo 

- 2*77 





C-II'AffO; 

-4-30 



Nitrates 


Chlorides ! 


Bromides, Iodides, 
Cyanides 


NO»K 

-8-29 

KOI 

-4-19 

KBr 

- 5-45 

NO»Na 


NaCl 

-1-08 

NaDr 

- 0-29 

NO"NH‘ 

-6-20 

NH*C1 

-4-00 

NaBr+21PO 

- 4*48 

NO=*(Jai 

I lMJ (?) 



KI 

- 5-32 

N0Tai+2H’0 

-3-81 



NaT 

+ 1-30 

N()"Sr4 

-2-54 

Sr-Cl 

5-48 

NaJ+2lPO 

- 3-98 

N0\Sri+5n*0 

-0-48 

SrT(3 + 3H»0 

-3*65 

KCy 

- 2-8G 

NO=*Ba4 

-1 Gl 

Ba^^l • 

0-82 

N^PCy 

- 4-3G 



lJa-Cl+U=0 

-2-61 


- 1-50 

N()»Pb^ 

-411 

I’b-Cl • 

-20 



NOUfr 

-5 73 


-1-52 

Nil "IPS 

- 3-25 



Sn^Cl+IPO 

-2-68 




* C'‘n‘“0“ (pivftlatc, 1 cq. in (5 litres) +KO^ (I CHp in 2 1.) This number, which is very 

near to that for acetic acid, is not altcreti by an excess citlicr of acid or of ulknli. 
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2. R'basic Salts. 


Sulphates 

1 

• Oxalates 

i 

Tarlrativs 


1 

SO» 


1 

c^iro* 

- hii 


- 3-4r> 

SITO* crv.st. 

Sll»0* litluid 


(•“ir-o^-t-211’0 

r-K"<)‘ 

- if- ii) 

- 4-71 



S()*.lv= 

- L 04 

(j^K’o^+rt’o 

- 7-7y 

C*ll«K-C+^TI'-0 

- .'i-ru; 

SO‘KII 

- :{-2a 

I'^SivO 

— 4-;{() 

(i’H*Xa=()“ 

-^j-8S 

SO*\a’ 

0 7(J * 


- .I-LO 

(.:M!‘NVO‘'+2ir*0 

SO«Na“-Fl0IL"O 

18-10 

t ■'UNaO^-FirO 

- SV.'itJ 

C'H-'-^a(V- 

- a-(i« 

S()*N^TI 

1- 0-70 

(r-fMlTO* 

- 7-l).S 


— 

- 1-87 

SOVNH*)* 

2-70 

CTNlt*)“0*-m*0 

-1117 

CMl'-NaKO'-- 

p 

SS3 

6-54 
- 0-24 

5-54 

1 

Carboiiate.s j 

co*Kn . i 

(^OWair ! 

co’.N’n^ji : 

1 

- r>-32 

- 4-27 

- (5‘28 

i:‘U“XaKV'’‘+4H-'0 

* 

-1234 


* This iinnibor 0-76 agrees very wc'll with tho^o found by Gralniin, 0'7G, iind by FavroO-T";, but 
differs b'reatly from tliat of Thoni.scn, fp. 088) viz. 0-06, whicli i.-^ probably due to an error of observa- 
tion. 

Formation of Crystallised Tfydrafh . — The heat s of forniation of tlui.se hydrates, 
given in tin- following tahlc, are easily compnb^d from the niimher.s ahowc tahulated. 
The immhcrs for the hydrates of acitis and bases exliibit no simple relation to 111011 
other, bnt they are much larger than those for the hydrates of salts coiilaining water 
of crystallisation, which likewi.se do not l.)oar any simple relation to one another. 
Sodium acetate, for example, loses the whole of its waier of cryst allisritioii in a vaciiiini, 
whilst the combination of each molecule of water is attended with the evolution of 
1*46 heat-units ; cupric acetate, on thb other hand,Vhich gives off nine times less 
heat, viz. 0*1 (5 hcat-unit.s, docs not part \yith its water in a vacuum. 


SO^ solid + 

li*’0 

.solid ^ SOW 

solid 

. 19*8 kil.-degroos. 

RiO „ + 

,, 

„ = Bair-02 


. IG'2 

SrO „ d- 

,, 

„ - SrIRP 


. 10-8 

CaO „ + 

1. 

„ - CaK-02 

n 

. 13-C 

C2]r‘()‘ 

-U 

2H-0 solid 

3-34 or for H 'i) 

l-GG kil.-dcgroe.s. 

Kilo 

t- 

2H-’() „ 

063 

-1*S2 

hair-'O- 

i- 

UJI-’O „ 

11-44 

1-28 

Srim- 

-1- 

yli-o „ 

11-84 

1-32 

IkOl- 

-t 

2M-0 „ 

400 

2-00 

SrCr* 


GH-'O „ 

D-GH 

1*62 

NaBr 

+ 

2H-0 „ 

1-30 

OGt 

Nal 


2n-o 

2-42 


S()‘Na= 


1011-0 „ 

4-5G 

0-4G 

C-’H»NaO= 


3H-0 „ 

4-37 

I-'IG 

(C“IlH)2)=Ca 

+ 

H-0 ., 

I'GG 

0-24 

(C2H30'-^)'-'Sr 

+ 


-0-42 » „ 

— 

(C-TPO--)-’Ba 

-f- 

„ 

1-7G 

0-68 !! 

(CrfO-)=Sr * 

d- 

2Hdi „ 

3-20 

1-60 

(C2jl3()2)-.-/n 

-f- 

2lf-0 „ 

4-00 

2-3G 

„ 

-t- 

ir-o „ 

2-02 

2-02 

(CnO=)=Zn 

+ 

2TT-’0 

3-r>2 

1-7G 

(C2H»0-)'‘-’Cu 

+ 

H‘’0 

0-lG 

0-lG 

(CIIO")‘“Cu 

+ 

4 H-0 „ 

2-Gl 

0-GG 

(C=lPO-')2Pb 

+ 

.3H=0 „ 

2*61 „ 

0-88 


Formation of Add Salty, Double Salts, 


SO'K‘^ + vS03 , =‘S’^0‘K“ 

S*rrK= + fl=^0 solid = 2.^0afH . 

SO*K‘^ + solid - 2.SO«JI . 

SO'.W + SO 'Jf*. solid = L'SO*NiiIT . 

C“.\VO‘ + enm* - 20'ffTNaO*. 

C'H^NV'O* + C‘ir«0" . 2C'H»Xa()'* 

+ C'n^Va'-0« :::= 2C'»I fbVaTf 0« 


2fr0 kil.-degrecs. 


8-0 

1.V2 

lO’O 

6f> 

00 
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^AnLydritlo.s 

liasfs 


V. 

Acids and 

liilSCS 


Acid Salts 


Formatum of Sails frttn Acids muL liases. 


rso--« + 

RaO = SOiJja 




S03 + 

SrO 1 = SO'Sr 


1 


S(P + 

CaOt.-= SO *Ca about . 



+ 

.PbO - ,SO*Pb 




so* + 

ZnO* SO%i 


' ^ 


ISO* + 

CuO .= .SO^Cu 



2IP'0 .soli’l 

rvSOdl- 

+ 2KHO 

SO‘K2 


so'ir-* 

+ 2NanO 

SO'Xsil 

+ 

211-0 „ 

SO 'll-’ 

+ Rill [‘O'-: . 

SO'Ris 

+ 

2I!‘’0 „ 

vSO'H- 

+ SrI!-0'- 

SO'Sr 

H- 

2ir-’0 „ 

' so ‘n;-’ 

+ Call'O- 

SO'Ca 

+ 

2Fr-’0 „ 

^so'ir* 

-1- RbH-0- . 

SO«Pb 

+ 

2II20 „ 

,SO‘H- 

1 Znll-'O* - 

SOVai 

+ 

2II20 

LSOTl* 

+ CulI-02 

SO>Cu 

+ 

2ir-’0 „ 

(SOUP 

h! KIK) 

80‘KIf 

+ 

lf-0 „ 

ISO'IL* 

■{- NallO .. 

SO 'Nall 

H- 

Il'-'O „ 


102*0 kil. de}»’roes. 


9;VG 

810 

GO’S 

irrO 

42-6 

81-2 


G9-1 

GO-1 

00-G 

50-8 

.39-8 

26-2 

2J-0 

18*2 

42-7 


Tho f]U!iiitit,irs of lioat (‘volvcd iijcrcasc with the stahility of the products, but no 
simple relation or cointnoii constant cjin bo t.rac(!d between them. 

J\Io77ohnsic Sails. -9'hu folio wiiijr numbers correspond with tho reaction: Acid + 
llasic Hydroxide = Salt-t AVator. All tlio bodies regarded as solid: 


CIIKO-. 

. 2oG 1 (r-JI*K()'’ 

. 21-8 

G'H^KO' fpivalato) 

19*8 

CIINhiO- 

. 22-0 i 0-lI*NaO'' 

. 181 

G^iPKO* 


22-5 

OllCa^O* 

. 13-3 I C-Ib'Ca^O; . 

. l()*G 

C'lPNad- . 


17-4 

CllSr^O- 

. 1(;7 1 O-lPSr-W)* . 

. M*7 

CMPCa^O- . 


7-7 

CHRaiO* 

. 18'G j C-II*Ra^O* . 

. lo'2 




Cn/n^.O“ 

. G*1 ;tCdP/.n*0- , 

. 3*7 




CllCiriO- 

. 5’2 ! 0-ll*Uuk)- . 

. 4*r, 




CIlPli^O* 

. 10*2 ‘ (J‘-H*Pb^O- * 

G*3 





Sit Us of Bibasic Acids. 





Ox.'iliites 


Tiirtrat' 



O'-K-O' . 

. /)8*8 : 2 - 29-4 ; 

C‘lI‘K-0“ 

. d3*8 : 

! 2 — 

2G*9 

C-.Va-()‘ . 

. a3-0 : 2 -= 2G-r) 

C'U.'Na'-0'’ 

. 45*9 : 

: 2 =- 

22'9 

CJ-XairO' 

28*4 ; 

CTlWaO- 



2(5*2 



(PIONhiKO** . . 49*0 




The heats of formation of bibasic salts exceed those of equivalent quantities of 
tho corresponding monobasic .salts, and those of the sulphates exceed those of the 
organic salts. Thi^ differeiiees l>etwTen the heats of tho .salts of the alkalis and 
alk.'iline earths are all of the same order of magiiitiale. All such regularities, how- 
ever, are true only for the anhydrous salts. Solubility or insolubility has but little 
inllucnco on the n-Mdt, a.s inay bo seen by comparison of tho sulphates with tho 
formates or acetates. 

lichiioiis heiiecni the Heats of Snlnfion in the preceding Tahle. — The potassium 
and sodium salts of the same acid often exhilpt nearly constant differences : — 8-1 for 
the chlorides ; — 3'7 for tho nitrales; — 3*G for the pler.ates ; —31x2 for the 
sulphates, lletweon tho siidium aiul ammonium salts, the dilfercnees are : 2 9 for tlio 
chlorides, 2*5 for the nitrates, 1-7 x 2 for (ho .sulphates, 2-3 for tlie pierates. Retween 
tho formates of pofassinm and .sodium, tho ditforeiieo is only —0*1 ; between the 
acetates —0*8 ; bi'tweim tho oxalates —0 2 x 2, &c. On tho other liand, tho anhydrous 
aedates of potassium, sodium, calcium, barium, and lead all exceed tho correspoudii g 
formates by about 1. 


Bevelopment of Heat and Changres of Volume attending the Solu- 
tion of Anhydrous Salts (l«\ivro a. Valson, Compt. rend. Ixxvii. 802-809). In the 
following table, which is a sequel to those already given {2ad Suppl. 292-303), P denotes 
tlio woigiitin grams of tho equivalent of the suit ; 1) the density of the solid anhydrous 

salt; V = tho volume of 1 e<]. ; d the density of the normal solution, containing 1 rq. 

of tho salt in a litre; r the increase of volume, calculated therefrom, of 1 litre of 
Water by dis.solution of 1 eq. of the salt; 0--(y — e) x 75’76 kilogram-degrees of 
heat (.see 2nd SnppL ^^2) \ O' tlie heat evolved in the dissolution of the salt, as 
determined by tlio morcurv-e;ilorinieter : C — O' denotes, theroforc, the amount of 
inlernal work expressed in kil.-degrees of heat: 



Chanifc of J olu>ne and Dt : vclojy / ne / i £ of Heat in the Solution of Auht / i/roun Salts . 
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Tbermo-neutrality and ITeutralitir of Density. Tho term ihcrmo- 
nmiTfiiiiy is employed l>y J?’}ivre a. VsiLson {<Jom 2 )L rend. Ixxvii. 907) to express the 
fact that tho quantity of heat ovolvod or absorbed when a salt is dissolvod in water 
)dready containing equivalent Quantities of other sal*s, is, for the most part, the same 
fl^.at it would be if tho former "iuilt wore dissolved in pure water. When, for example, 
1 cq.'-of sodium nitrate is dissolved in water contiiiring 1 eq. pobissium chlondo and 
] eq. ammonium sulphate, an ^ibsorption of heat 04!*urs, amounting to 4'702 kilo- 
gram-diyrrcos ; and the quantity absorbed on dissolving tho same quantity of sodium- 
nitnito in pure water is 4- 842, difFering from tho former by only 0’140 ; the amount 
of l^iat-absorption in tho two cases may therefor/ bo regarded as tho same : in other 
words, tho condition of thermo-noutrality is satiffecd. 

, Neutrality of density him a similar meaning with regard to tho density ^f the 
resulting solution, which is, in fact, an arithmetical mean between the densities of tho 
solutions formed by dissolving oach salt separately in the same quantity of water. 
This may be illustrated by the following example, in which the letters P, D, &c. have 
flic same signification as in tho feiblo on p. 984. 





• 




V - V 


r 

IJ 

V 

d 

V 

V-» 

'y- 

N()»Na .... 



c.c. 



c.c. 


85 

2*241 

37*9 

1 0540 

29*1 

8*5 

0*22 

CIK 

74*5 

1*976 

ft 37-8 

1 0444 

29*0 

8*8 

0*23 

1 2 • • ■ 

(16 

1*766 

37*4 

1 0378 

27*3 

10*1 

0*27 

j Mean .... 

75-2 

1-994 

37*7 

1*0454 

28*6 

9*1 

0*24 

I Mixture .... 

. 75*2 

1*994 

37*7 

1-01 15 

29*4 

8*3 

0*22 


In like manner tho dissolution of 1 eq. Cupric sulphate in purl; water gives rise to 
tho same thermic change as in water already containing 1 eq. potassium .sulphate. 
Moreover, tho [irecipitatioii of potassio-cupric sulphate by barium chloride produces 
llio same evolution of heat tis the prc'cipitation of the two constituent salts. Hence 
it would appear t hat double salt s, like potassio-cupric sulphate, cannot exist in solution, 
but are split up in the act of dissolving into their constituent salts, and then conform 
to the law of thermo-neutrality {compare 2nd Snppl. 293). Potassium sulphate and 
copper sulphate, dissolved together in equivalent proportions, also yield a solution in 
which tlio law of deiisity-nofitrality is satisfied, as shown by the following numbers : 



P 

D 

V 

a 

V 

V- w 

y-v 

"V" 

SO'K« 

2 .... 

87 

2*653 

c.c, 

3*2-8 

P0G62 

C.C. 

19*6 

c.c. 

13*2 

0*40 

HO'Cii 


2*707 

21*5 





1 -2— * * * * 

80 

1-0777 

2*1 

19*4 

0-90 

Mean .... 

83*5 

3-180 

27*1 

1*0720 

10-8 

16*3 

0*60 

Mixtures . . 

83*5 

3*180 

27*1 

1*0717 

:i*i 

16*0 

0*69 


Potassio-cupric sulphate and other neutral double salt s appear, therefore, to yi.eld 
solutions in which each of tho constituent salts is in the same state as if it existed 
alom^ in tho liquid. With acid salU, however, which in the crystallised state are true 
double salts, tho case is difForent. Hydroputassic sulphate and its constituent salts, 
for example, when precipitated by barium chloride, yield tho following quantities of 
heat: 

Kilogram-degreoa 

Dissolved alone, gives . ' . . ■ . 2*879 


SO‘Cn 


Dissolvod acid salt, S0‘K1I, gives. 


. 

4-766 

Sum . 

7*645 

8*450 

Difference . 

0-805 
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The density-relations are shown iiiitlie following tablo : 




D 

V 

< '' 

r 

V — « 

V-v^ 

11 

SO^K2 

2 • • 

% " 

87 

2-603 

c.c. 

32*8 

» 

1-0662 

c.c. 

19-6 

c.c. 

13-2 

y 

0-40 

SO’Cu 
[ 2 

49 

1-818 

26-5 

1 1-0300 

1 

18-5 

8-0 

/do 

I rt 

! Mean .... 

' Mixture . . . . ; 

68 

(;s 

2-250 

2-250 

29-7 

29-7 

1-0481 
' 1-0155 

: 19-0 

1 2145 

10-6 

8-2 

0-35* 

0-27 


Those salts which do not satisfy tlic law of thernio-rifcul ralily when their dilutti 
solutions are mixed together, are likev;ise found not to exhibit neutrality of density, 
thus: 


Na=0 


dilute 


C( )- 


gas 


NaH:!()3 


dilute . 


NH* dissolved + 

NIP dilute + 
Na=0 


dilute . 

2 2 

Sum 


CO-’ 


gas 


(NII‘)-00» 


dilute 


dissolved + dissolved = dilute . 

2 2 2 

' • ' Sum 

Difference of the two sums 

Heat of solution of — in pure water 

(NH‘VSO‘ 

„ „ in water + i ' 

Difference 


Kil.-doLyroisj 

12-91() 

M-S8S 

'27-S28 

8't73 

1()*301 

21-774 

y-ooi 

-7*840 

- 10*700 
2*860 


Tho two differences agree nearly with one another, aiuf there is no thermo-neutrality. 
With regard to the relations of density of these salts, tho following results have been 
obtained : 



V 

1) 

V 

d 

V 

V -V 

V- 1' 
...... 

CO=*Na2 

2" 

53 

2*120 

21-0 

1-0519 

r.f. 

1-0 

c.c. 

20-9 

0-96 

.SO<(NH<)'‘ 

2 

66 

1 776 


1-0378 

27-3 

10-1 

• 0-27 

Mean .... 

59*5 

20{)3 

' 29-6 ' 

1-0118 

11-1 

15-5 

0-61 

Mixture .... 

59-5 

2-093 

29-6 i 

1-0391 

19-7 

9-9 

0-33 

(NHO'-'CfP 
; 2 

48 


i — 

1-0178 

29-7 

- 

— 

Na*SO< 

2 - • 

71 

2-681 

26-5 

1-0600 

9-8 

16-7 

0-63 

Mean 

59-5 - 

1 

— 

1-03992 

19-7 

16-7 



Tho values of d, u, &c. for the mixture differ comsidcrably from tho first means, 
but agree nearly wdth the second, sliowing tliat the salts Na®CO" and (NII*)*80^ liave 
been converted in the mixture into Na^SO' and fNH')'"CO'*. Similar results have 
been obtained by Favre a. Valsou with sodium borate and ammonium sul])hate. 
(See also Herthelot. Cornjit. rend. Ixxv’ii. 971 ; Jahmh. f. Chem. 1873, 104.) Favro 
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a. Valson point out the agreement of their results with those of Bertholot on the 
constitution of s.ilts in solution {Cornet, rend.. Ixxiv. 48, 119; Ixxv. 207, 263; Ann. 
Ckim. Phys. [4], xxvi. 433 ; 2nd Suppl. 286), and to those of Thomson on the action 
Vf dilute sulplmric acid on sol ition of potassium sulphate (Poyy. Ann. cxxxviii, 497 ; 
Xihnsb. 1869, 116). 

Heat of Solution of Various Classes of Compounds. 

Thomsen {Deni. Cheni. Ocs. Per. vi. 710-717) has collected together in the follow- 
ing tal)lo th(i results of his experiments on We heat evolved or absorhod in the 
dissolution of various salts and other bodies in »li'ater. The values are calculated for 
,tlio molecule, i.e. for the weight represented by the formula. The quantity of water 
used to <lis.solve each substiinco is staled according to the number of water-molecules 
contained in the ..jolution for each molecule of the substance dissolved. 




Quantity 

Thermic 

Sulist since 

r’onnulii 

of WiltfT ill 

clTfct per mol. 



niols. 

of sal)Ktaiicu 

1. Crystallised Chlorides, Bromides, and Iodides 


Sodium Chloride 

NaCl 

200 

- M8 

Potassium ,, . . . ^ 

’ KCl 1 

200 

_ 4-44 


100 

- 4-41 

Ammonium ,, 

AmCJl 

200 

- 3-88 

Barium „ ... 

BaCl- + 2n"0 

100 

- 4-93 

Strontium „ ... 

Sr(.T- + 611^0 

400 

- 7-6 

(.’alciiim ,, 

CuCP+OlI'O 

400 

- 4*34 

Magnesiuni „ ... 

MgCP+GlPO 

400 

1 2-9 

Sodium Bromide 

NiiBr 

•. •ioo 

- -16 

Potassium ,, ... 

KBr 

200 

- 5-08 

Ammonium „ 

’ NH‘Br 

200 

- 4-38 

Barium „ ... 

UaBr= + 2II2() 

400 

- 4-13 

Strontium ,, . . . 

SrBr«+6JPO 

400 

- 7-2 

Calcium ,, 

CaBir + GH-0 

450 

- 4-93 

Sodium Iodide 

Kal 

200 

i 1-22 

Potassium ,. ... 

KI 

200 

- &-11 

Ammonium Iodide . ' 

Ami 

200 

- 3'55 

Gold (Jliloi'Ide, cry.st. 

Aii'-CPir^CP-f- 7,3IP0 

900 

--11-70 

Potassium Staniiocldoride. 

K‘Cr-'8riCl' 

800 

- 3-38 

2. Liquid Chlorides and Bromine. 



Stannic Chloride 

SnCP 

300 

+ 29-92 

Titanium ,. . . 

TiCl‘ 

1600 

+ 67-«7 

Silicon „ , . » . 

SiCP 

3000 

+ 69-2G. 

Pho.sphorous Chloride 

PCP 

1000 

+ G5-14 

Bromine ..... 

Br- 

600 

+ 1-08 


3. Nitrates. 



Sodium Nitrate 

NhNO^ 

' 200 ; 

- 5-OG 

Potassium ,, ... 

KNO=* 

200 ! 

- 8-52 

Ammonium „ ... 

NHhNO’ 1 

200 : 
100 

- 6-32 

- 6-16 

Silver „ ... 

AgNO-‘ 

2t)0 

- 5-44 

Barium ,, . . . 

BaN-O** 

400 

-- 9-40 

Strontium „ ... 

SrN-()« 

100 

- 4 02 

Calcium ... 

CaN'OMlI'O 

400 

- 7-2 

Magnesium ... 

MgN-G’*.6U‘0 

400 

- 4-22 

licad ... 


400 

- 7-60 


4. Snljdmtes. 




o 

GOO 

-18-81 



400 

-18*76 

Sodium Sulphate 

Na-SOM loir-O 

200 

1 -18*66 



100 

I -18-13 



60 

1 -.17-46 
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Substance 


Formula 


Quantity 
of wntiT i] 
niols. 


Sodium Sulphate 
Potassium 

Ammonium 

ThaU.ious 
Parium 
Strontium 
Calcium 
Magnesium 
Zinc 
Ferrous 

Manganous 

Copper 

Nickel 
Colwlt 
Cadmium 
Yttrium 
Lantlijuiurn 
Jleryllium 
Alumino-potassic Sulj-lial c 
Chromo-potassic 


Sodium Aco 
Uarium 
Lead 
Copper 
hlrbium 


Potassium Chloride . 

„ PromiJo . 

,, Iodide 

,1 Chlorate . 

„ Nitrate . 

,1 Lithiouate 

M Sulphate. 

„ Chromate 

„ Permanganate 

„ Oxalate . 


•V^e 'pfiafes. — Continued. 

Na-S()« 

K‘‘SO^ 

(NH^)'‘VSO‘ 

Tl'SO^ 

IJaSO' 

. SrSO* 

i CaS0*+2H=0 

I MgSO<+7ir*’() 

. ZnS0<+7U=0 • 
PeSO« + 711=0 
MnSO‘ + 611=0 
MnSO * + 41120 
CuSO<+oU=0 
CuS0< + n=0 
. NiSO‘ + 711=0 
CoSO«+7TT=0 
CdSO'^-fPO 
YSO^ + flPO 
LaS0* + 3ir-0 
BeSO* + 411=0 
K*SO* + A1=S=()'= 4 24H=0 
K=SO^ + Cr=S»0'=+ '^411*0 

5. Acetates. 


6. Potassium Salts. 


400 

400 

400 

200 

000 


400 

400 

400 

400 

400 

400 

400 

400 

800 

800 

400 

400 

400 

400 

2400 

1600 


Jtato 

NaC2H»0. + 3H''0 

400 

II ■ . . 

Ba(C»H> 0 -). + 3ieO 

800 

II • . . 

1’1(0‘H’0=)2 + 3H=0 

800 

11 ... 

Cu(C“H»0-')-+ FPO 

400 

II ... 

Kr((?H»0=)= + 5H2p 

1000 



KCl 

200 


KBr 

200 


KI 

200 


KCKP 

400 


KN(P 

200 


K=S=0» 

600 


K=SO< 

400 


K=Cr20’ 

800 


K:=Mn=0» 

1200 


K=C=0* + H=0 

800 


Sodium Chloride 
„ Bromide 
„ Iodide . 

„ Nitrate 

,, Sulphate 

1 . Thiosulphate 
f, Oirbonato . ^ 

» Phosphate . 

■Arnmonio-sodic Phosphate 
I Sodium Pyrophosphate , 
j M Borate . 

i „ Acetate 


7. Sodium Salts. 

NaCl 
NaBr 
NttI 
NaNO> 

Na=SO^+ 10 U=O 
. Nn=SO« 
Na=S=(P + 611=0 
Na=C= 0 ®+ 1011=0 
Na= 7 IPO»+ 1211=0 
XaAmIIPO‘ + 4 ll 0 
Na*P= 0 '+ 1011=0 
.Va=B*07+ 1011=0 

VaC=IPO=+ 3 JI =0 


I 200 
200 
200 
200 
400 
400 
400 
800 
800 
800 
1600 
! 2600 
I 400 


Thermic 
effect per mol. 
of BubsUincc 


- *06 

- 6-38 

- 2*ai' 
~ 2*33 

- 8*60 

- 5-58 
0 

- 0-60 

- 3-01 

- 4-24 

- 4-61 

+ *04 

+ 1-77 

- 2-75 
+ 8-72 

- 4*26 
~ 3-57 
+ 2-64 
+ 3-66 
+ 1*50 
+ 1*10 

- 20*24 
- 22*30 


- 4*81 

- 107 

- 6*14 

+ -K) 

+ •15 


- 4*14 

- 6*08 

- 5*11 
-10*04 

- 8*62 
-12*09 

- 6*38 
-17*03 
-19*18 

- 7*41 


- M8 

- *15 
+ 1*22 

- 6 06 
- 18*76 
- *06 
-11*37 
-IG-49 
-22*92 
-10*75 
-12*06 
-26*86 
- 4*81 
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1 Substance 

i . ■ L_ 

r 

Formula 

* 

Quantity 
of water in 
mols. 

Thermic 
effect per mcil. 
of 8nl>stsim;(' 


i 

8. Barium Salts. . 



Barium Chloride 


BaCl* + 2H*0 

400 

- 4-93 

„ Nitrate 


BaN*0« 

.400 

- 9*40 

•x „ Chlorate 


BaCPO».+ H20 

600 

-1P24 

Jlithionato . 


CaS*0*tt-2H»0 

400 

- 6-93 

,, Kthylsulphate 


Ba(C*H*.SO«)“ + 211^0 

800 

- 4*87 

■v) „ Acetate 


Bii(CPIPO“)»+ 

800 

- I*il7 

„ Hypophosphito . 


Jla(PHW) + U'0 

800 

+ -29 


9. 

Crystallised Adds. 



Seleiiious Anhydride 


SeO' 

400 

- *92 

Iodic acid 


IO»H 

200 

- 2-17 

Periodic acid . 


IO«H* 

240 

1*38 

Phosphorous a(ud . 


PO»H> 

400 

0 

Boric „ 


B*0* + 3IF0 

800 

-10*78 

Oxalic ,, 


C*H20^ + 2IF0 

600 

- 8*66 

Succinic „ 


C<H«0* 

400 

- 6*68 

Tartaric „ 



400 

- 3*60 

Citric „ 


C«H»0' + IF0 

400 

- 6*43 



10. Liquid Acids. 



Sulphurous Anhydride 


S02 

300 

+ 1*50 

Sulphuric ,, 

^ . 

SO» 

1600 

+ 3917 

„ 1. Hydrate . 


4(S=O^H=) 

1600 

+ 26*90 

i» 2. ,, 


SO«H- 

’oOO 

+ 17’86 

M 3. 


SOHF+IFO 

1600 

+ 11*58 

„ with 100 IFO 


S3Hr‘ + 99H“0 

1600 

+ 1*00 

Nitric Acid 


NO»H / 

20 

+ 7-61 



1 

320 

+ 7‘58 j 



NOHI + H^O 

320 

+ 4*28 1 

Aqueous Nitric Acid 


N0HI + 2TI-0 

320 

+ 2*74 1 



N0>H + 3H=0 

320 

+ 1*83 1 



C1U.IPO 

100 

+ 11 ’O^liyp 

Hydrochloric „ 


C11T.3IT-0 

100 

+ 3-82 



CIH.SOH-O 

100 

+ -11 

Acetic „ 


C^IPO- 

100 

+ *15 


11. Gaseoiis Bodies. 



Chlorine .... 


Cl= 

1000 

+ 4*87 

Hydrogen Sulphiile 


IPS 

900 

+ 4*75 

Carbon Dioxide 

X 

C02 

1600 

+ 5-88 

Sulphur „ . . 


so= 

260 

+ 7*69 

Nitrogen Tetroxide . 


NO* 

300 

+ 7*76 

Ammonia 


H»N 

200 

+ 8*43 

Hydrogen Chloride . 


HCl 

300 

+ 17*31 

„ Bromide . 


HBr 

400 

+ 19*94 

„ Iodide 


HI 

500 

+ 19*21 


Most stilts, whether anhydrous or hydrated, dissolvo in water with absorption of 
heat ; some however, oven when united with their maximum .amount of crystallisation- 
wator, dissolve with evolution of heat; such is the case w'ith the sulphates of man- 
ganese, cadmium, yttrium, lanthanum, and beryllium, the ticotatos of copper and 
erbium, and witli hypophosphito of barium. 

In the amount of heat absorbed in the act of solution there is often an agreement 
between salts of corresponding formula*: thus the sulphates of magnesium zinc 
nickel, and iron containing 7 mols. water give nearly equal values. To this rule, 
however, there »t& conspicuous exceptions; <?.y. barium nitrate dissolves in w.iter with 
much greater absorption of heat than the corresponding lead salt, whereas the 
acetates of the same bases exhildt the opposite relation. 
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The nitrates and sulphates of thej-alkidi-metals exhibit, for equal numbers of 
molecules, nearly equal differences of latent heat of solution', e, g . — 

11 = K Na Nil* 

-1^040 -10121 -12640 

K-SO« - 6380 j- 61- - 23 70 

Difference — ^IQ660 —10061 —10270 

Nearly equal differences of latent heat arc also found betM'ecn tho nitrates and 
chlorides of potassium and sodium, but in tho ammonia-compounds tho difference has a 
ve ry different value : 

' 11 = K ^ Na NIT* 

KNO“ -8520 -5060 -6320 

" RCl -4440 -1180 -3888 ^ 


Difference 


-40S0 


-3880 


-J440 


Tho latent heats of solution of tlic chlorides, bromides, and iodides of potassium, 
sodium, and ammonium, likewise do not exhibit any corresponding differences. 

Of all salts, tho potassium salts exhibit the greatest amount of latent heat for 
equal numbers of molecules ; but the latent heat of sodium salts is much smaller if 
they contain a considerable amount of water. 

All the crystallised acids which have been examined dissolve w'ith absorption 
of heat, and tho same is tlio case with seleiiiuns anhydride. In some, e. y. boric acid 
and tho organic acids, the absorption is very considerable. On tho contrary, all the 
liquid acids examined dissolve in waior with evolution of heat, which is very great 
for sulphuric acid, very small for acetic acid. 

The latent heat of solution of salts increases with the quantity of water present, so 
that acjueous solutions of salts, the dissolution of which is attended with absorption of 
heat, likewise absorb heat on dilution with water. Tims it appears from the mirribers 
above given tliat a solution of sodium sulphate corrfaining 50 molecules of watrr 
absorbs, on dilution ^with 50, 150, 350, and 560 molecules of water, tho following 
quantities of lu:at*“< ' * 

n (Na*SO*.50II=(),Mn»O) 

50 . . . . " . . — 0’67 kilogram-degrees 

150 -100 „ 


350 


-1’3() 


550 


-r35 


Hero tho absorption of heat in the dilution of tho liquid approximates to Ji maxi- 
mum M’hich is more cb'arly seen from tlie numbers which exhibit the absorptimi of heat 
in such solutions when tin y nro mixed udth quantities of water equal to tlios(‘ which 
they already contain, e. g. 

n ( N a'.Sl )*. rt H -O, ?/ H “()) 

5 — 0-C7 kilogram-degrees 


100 

. -0-42 


200 

. -0-21 

,, 

400 .. . 

. -00-6 



A somewhat different relation is exhibited in the ab sorption of heat, which takes 
place when a solution of soilium silicate is diluted with water. Experiment gave tho 
following results : 

n (N:i*0.3SiO’‘.w 1 1 -O.nJ I =0) 

37‘5 — 0*88 kilogram-degrees 

75 -0-92 

160 -0-94 

300 -1-17 

600 -1-34 


Hence it appears that, whereas for sodium sulpliatc tho absorption of heat which 
takes place on diluting the solution' with a quantity of water equal to that whic.h it 
already contains becomes smaller as tho quantity of water increases, the contrary is 
the case with the silicate, so that, a solution of tho latter containing 300 niols. water 
exhibits, on dilution with anotlicr 300 mols., an absorption of heat l.J times as great 
;ui that which is exhibited by a solution containing only jl, of tliat quantity of water. 
Ill the case of sodium silicate .-he absorjition of heat is very considerable. A solution, 
which for each mol. Na'-’O contains 3 mols. SiO'- and 37'5 mols. water, exhibits, on 
dilution with 5G2’5 mols. water, an absorption of heat amounting to 6*27 kilogram- 
degrees. This result is probably due to a partial decomposition of the silicate by tho 
action of the water. 

In the latent heat of many hydrated salts, the latent heat of the water, i.o. of ice, 
may he recognised. When a salt capable of uniting with water in several proportions 
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is dissolved in water, the ovolut ion of heafc, riykoncd absolutely, becomes smaller as 
the quantity of water contjunod in the salt is greater. Thus, for example, anhydrous 
WKlium sulphate gives —60 gram-degrees, but the salt containing 10 raols. water gives 

V 18’76 ; cupric sulphate withll mol. water gives +^72 ; the same salt with 5 mols. 

ater gives — 2-7o. This dilt|renco may arise from two causes; first, the affinity of 
the salt for the water may notlje satisfied in the less hydrated salt, and ('ons^quenlly 
there may arise an evolution Sf heat corrospondin^f Vith the affinity ; secondly, tlio 
greater absorption of heat which attends the dissolution of the more highly hydrattjd 
salt may be due to the passage of a larger quantity of water from the solid to t he 
liqwci state. If the affinity between the salt andfthe water is very small, the effect ^ 
is dlo almost entirely to the latter cause. The L-^tent heat of ice at amounts to * 
1*442 kilogram-degrees ; but if the dissolution of the salt takes place at 20 ’, this amount 
•oust be increased l)y 20 times the difference between the molecular heat of water and 
that of ice, or abqui 0*18 kilogram-degree, so that the heat of solution of 1 mol. water 
(ice) at 20° amounts to about — 1*62 kilogram-degrees. 

Mangauoas sulphate crystallises w*itlj 4 aud o mols. water ; the affinity of the 
fifth wsitor-molecule is very small ; the difference of the heats of solution amounts, 
according to the numbers above given, to *04 — 1*77 = —1*73 kilogram-degrees. 

b'or sodium phosphate and sodium ammonium phosphate, the heiits of solution are 
as follows : 

bur NaNalirtT + 12II-0 - 22-92 kilogram-degrees 

1-or Na(NH')IlL*0‘ + 411-0 .... -10*75 

Differenco for iVa — Nil* + 8H"0 % . . —12*17 „ 

Now the ilifferonce for tlio nitrates is + 1*26 ; for the sulphates + J 2*81 + 1*155 ; 

moan + 1 *208 .* honco the latent heat for 8 mols. water is — 12*17 — 1*208^ — 13*378 ; 
or for 1 mol. water —1*672. 

A similar magnitude is distinctly recognisable in the heat of solution of sodium 
carbonate with 10ll*() ; for — 1^049— —0*1049 x 10. In sodium sulphate also there 
is a similar difference between the anhydrous and the hydrated salt, viz. —18*7 = 
-1*87x10. ' % ' ' 

Heat of Solution of Cblorlne-, promlne-, and Xodlne-compounds 
(Thom.scn, J. pr. Chem. [2], xvi. 323-341 ; Jkut. Ch?}i. Get!. B(t. x . 1017-1023). 
The following table exhibits the results of the whole of Thomsen’s experiments on the 
heat of solution of tlie halogen-compounds of the metals. The nutnbers are calculated 
for a temjiorature of 18°. As it is very difficult aud sometimes impossible to bring 
the amount of water in a hydrated compound into exact agreement with the number 
of molccub'S in the formula, inasinucli as some compounds are very deliquescent, and 
others lose water in drying, \hc preportion of water (in molecules) as directly deter- 
mined by analysis is given in the last column. 


JJiuli.4.- 


Xtols. of 
water in 
solution 

Tfoat of 
solution 

Analysis 

• 

KCl 

200 

- 4*14 



Potassium . . . - 

KlJr 

200 

- 5*08 

— 


Kl 

200 

- 5*11 


/ 

NaCl 

100 

- 1*18 


1 

NaPr 

200 

- -19 

— 

Sodium . . . i 

Nal 

200 

+ o 1-22 

— 

] 

Nallr + 211-0 

3f)0 

- 4*71 

2*10 mols. 

1 

Xal -f- 211-0 

300 

- 4-01 

2-04 

Litliiiirn 

laCl 

230 

+ 8*14 

— 


UaCl- 

400 

+ 2*07 


Jlarium . . ■ 

BaPr-” 

400 

I- 4*98 



BaCl- + 211-0 

400 

- 4*93 

1*98 „ 


Ballr- + 2HH) 

400 

- 4*13 

2-00 „ 


Srtn- 

400 

I- 11*14 


Stnmtiiiiri . . • 

Srllr- 

SrCl- + 611-0 

100 

10(^ 

-i 16*11 

- 7-50 

6-00 


SrlJr- + 611-0 

400 

- 7-20 

6*18 ,. 


(Ja(n- 

300 

+ 17-41 

— 

Calcium . . . ■ 

(,'a.Br= 

OaP 

400 

400 

4- 24*51 

1- 27-69 

— 


OaCl- + 6ll“0 

400 

- 4*34 

. 6*07 „ 

Magnesium . . . | 

MgCl- 

iMgCl'^ + filPO 

800 

400 

-1- 36-92 
-f 2*95 

6*11 „ 
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Badiclc 

Aluminium . 
Zinc . 


C.'idmium 


^r.iuganose 
Iron . 


Cobalt 

Jsickel 


Copper 

Lead . 
Thallium 


Mercury 


Phosphorus 
Arsenic 
Antimony . 

Gold . 


Tin . 

Titanium . 
Silicon 

Palladium . 


Platinum . 


■ .'if . 

Hydrogen . 


Ammonium . 

Hydroxylamine . 
Platodiamino 
Trietliylsulphine . 


Chlorides^ Bromides, and Iodides. 


; Formula 

: f 

Stola. of wat« 
iti sol ition 

$r Heat of 
solution 

Analysis | 

Iai-cp 

26*0 

+ 163-69 



3*0 

+ 1603 



■ ZnBrs 

400 

+ 15-03 



ZnP 

400 

+ 11-31 


/'CdCl* 

400 

-1- 3-01 


CdBr^ 

400 

+ -44 

_ / 

. Cdl- 

400 

- -96 


CdCl'^ + 2H'-0 

400 

+ -76 

2-10 mols. , 

ICdBr- + 4II"0 

600 

- 7-29 

4-06 „ 

j MnCl* 

350 

+ 16'1)1 


1 .MiiCT- + 41120 

400 

+ 1-54 

3-88 „ 

fjFc-Cl« 

FoCl= . 

2000 „ 
350 

I- 63*36 
+ 1790 


FeCl* + 4IP0 

400 

+ 2-75 


1 OoCl‘ 

400 

+ 18-34 


1 Cod’ + 61 TO 

400 

- 2-85 

5-80 „ 

/ XiCl*' 

400 

+ 19-17 


1 NiCF + 6H=0 

400 

- 1-16 

6-02 „ 

CuC12 V 

600 

+ 11-08 


CuBr2 

400 

+ 8-25 


CuCl= + 2U'0 

400 

+ 4-17 

1-99 „ 

PbCP 

1800 

- 6-80 


PbBr* 

2500 

- 1004 


Tl^CP 

9000 

- 20-20 


UgCF 

300 

- 3-30 


1 llgCFK^ + H^O 

6g0 

- 16-39 


1 HgBr^K* 

660 

- 9*75 


* 

800 

- 9-81 


TCP 

1600 

+ 65-14 


AsCP 

450 

+ 17*58 


8 bCP 

900 

-1- 8-37 


r AuCl* 

900 

+ 4-45 


AuBr® 

' 2000 

- 3-76 


AuCl* + 2IP0 

600« 

* - 1-69 

2-10 „ 

AuCPlI + 3?P0 

450 

- 5-85 

3-65 „ 

AuBr^H + 51P0 

1000 

- 11-40 

5-28 „ 

SnCr-’ 

300 

+ -36 


SnCP 

300 

+ 29-92 


SnCP + 211=0 

200 

- 5-37 


SnCPK= + H=0 

600 

- 13-42 


SnCl“K= 

800 

- 3-38 


TiCB 

lOOO 

+ 57-87 


SiCP 

3000 

+ 69-26 


PdCPK= 

800 

- 13-63 


PdCPlP ' 

» 

“ 15 


' Pt01‘K2 

600 

- 12*22 


PtCPAm* 

600 

- 8-48 


PtBr^K* 

800 

~ 10-63 


PtCPlP 

— 

- 13-76 


PtBr«K2 

2000 

- 12-26 1 


PtCPNa* + CH«0 

900 

- 10-63 

*5-98 „ 

PtBp«Na2 + 611=0 

800 

- 8-55 

6-05 

PtCl«Na= 

800 

+ 8-54 

U %/l# ,, 

PtBr“Na= 

600 

+ 9-99 


nci 

300 

-f- 17-31 


llBr • 

400 

+ 19-94 


[HI 

500 

+ 19-21 


NIPCl 

200 

-* 3-88 


NHHlr 

200 

- 4-38 


NIPI 

- 200 

— 3-55 


NOH^Cl 

200 

- 3-65 


PtNHI'=CI= + 11=0 

400 

- 8-76 


SC"Jr>^I 

267 

- 5-75 
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The anhydrous chlorides, hroniides, mid io£.des dmolve in water cithn ivith evoluiim 
or with absorption of heat, aluminium chloride showing the great est evolution, jiud 
thallium chhu’ide the greatest i|bsorption. , 

\ The anhydrous chlorides, bromides, and iodides, which dissolve in water with evolu- 
tion of heat, form crystalline comqmmds with wafer. — To this group belong tl'*5 haloid 
compounds of Li, Ba, Sr, Ca, Mg, Al, Zn, Mn, Kc, Ch,*Ni, Cu, tSn. The heal of solu- 
tion of the anhydrous chloride and bromide of cadmium is positive, and both bodies 
combine with w'ater ; cadmium iodide, on the other hand, lias a Jiegative value, and 
this^body does not combine with water at ordinary temperatures. The heat of sola- , 
tioii^f the anhydrous chloride of gold, AuCl*; is pbsitivo; that of the liromide, AuBr*, 
negative; the former combines with water to produce I he compound Au^T■^2J^-0 : 
tj^e latter forms no hydrate. Sodium iodide shows a positive value, and crystallises 
in combination with water; the value for the bromide is almost nil, and the hydrate 
is easily decomposed ; that of the chloride is negative, and it combines with water at 
a A^ory low temperature only. 

The hydrated chlorides, bromides, and iodides generally absorb heat on solution in 
wahr, hut the following are. exceptions : MgCl'^V 6IPO, MriCr-+ 41T-0, h’eCl' + 4E-0, 
CdCT' + 'iH'O, and CuCl“ + 211*0. It is not unlikely that compounds of these bodies 
Avith a larger proportion of AA'ator are possible. 

The hat of formation of hydrates is positive, the OA’^olution of heat being due, 
partly to the latent heat of AA'atcr, and partly to the affinity of the haloid conipoun(l 
for water, and its AL'iliie depeiifls on the nnmlxjr^f molecules of water taken up. 

The magnitude of the heat of solution of the anhydrous haloid compounds appears 
to be subject several laivs.-~ln the case of the metals of the alkaline earths, tlie heat 
of solution increases Avilh the increasing atomic weight of the electronogativo consti- 
tiiont, the chloride evolving hfJist, the iodide most heat. At the same time tJie heat, 
of solution rises regularly from barium to magnesium, i.e. with tluj decreasing atomic 
wciglit of tlie electro-positive conatituoat. 

The group of the alkali-metals shows a similar behaviour; but* potassium, and 
probably thallium, form compounds in Avhich the value decreases* with the electro- 
negative cleuu'nt, and this is probaldy connected Avitli the fact that these tAvo metals 
do not form hydrated haloid compounds. 

A comparison of the tAvo groups exhibits some remarkable relations : thus t lie 
difference of the heat of solution 

between ll/iCl- and I'l'Cl- *= 22*27 

„ SrCE „ K-Cl- « 20*02 

CaCE ., Ma^Cl* = 19*77 

„ MgCr- „ Li=CE = 19*04 

The compounds of the formula IWl® also show that the heat of solution for 
c<iuiA'alont quantities is greater iu proportion as the atomic Avoight of the electro- 
positive constituent is loss. 

The heat of solution of the haloid compounds of the heavy metals exhibits the 
reverse of the aboA'o cases; for the quantity is greatest for tho chlorides, and least for 
t he iodides. • 

Heats of Solution of Alk^lne Cblorldes and ITltrates. Winkclmann 
{Pogg. Ann. cxlix. 1-32) has detormined the heats of solution of the chloridoH and 
nitrates of potassium, sodium, and ammpnium at the temperatures 0° and od and the 
spef;ilic heats of the resulting solutions. Iu tho following table, k denotes t lie specific 
heat ; and Aj.,, tho quantities of heat required to dissolve 1 gram of tho salt at the 
respective temperatures ; p tho percentage in grams of salt contained in the solution. 

Sodium Chloride. 

k = 0*99608 - 0-01079 -l- 0*000137 K*. 

A„ “ 32*1 — 1*837 p + 0 0687|>“, up to^> = 11*2. 

A„ =. 28*02 - 0-847op -t 0*00791 from - 11*2 to i) = 32*04. 

Aj„ - 0*41 — 0'07 p, from p = 3-09 to j? = 26 03. 

Sodium Nitrate,^ 

k - 1*01)16 - 0*01060 -f 0-000161;)“, from ^ 3 03 to;) = 19*10. 

k - 0*9410 - 0*004 ;>, from;) - 25*03 to;) - 40*06. 

k - 0*8703 - 0*002233 p, from ;> - 40*06 to;) = 70*09. 

\ = 64*4 — 0*728 ;>, from p a 3*03 to;) " 23*6. 

Ao a 68*1 - 0*6221 p + 0*o62644 p, from p = 23*6 to p = 70*0. 

A-o 61*1 - 0*3037 p, from p = 3*03 to p = 31*3. 

Ajp = 16*1 — 0*123 p, from p = 31*3 top - 70, 

^rd SuT). 3 T 
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Potastifm CMoride. 

k ss 0-996, '» — 0-01 M91;) + 0*0001 086^2, from = .S-Oltoy) = 29*4. 
A„ 69-48 - 0-7/);>, tVoTii/) = 3-04 to/) =49-6. 

= 6,')-4 - 0-34 /), from p = 9*6 to /) = 2$-4. 

"■ 01/?, from 7) - 3-0 to/) = 29 4. 

Potassitm Nitrate. 

k = 0-9979 ~ 0-01039/) +■ 0*000143 /)2 from/) = .^-O,*) to /) -= 19-80. 
A„ = 95-9 — 2*123/), from /) - 3*0,')to/) = 5-6. I 

A^ rrr 86-61 — 0-161/) — 0-0246 //-, from /) = 6-62 to/) - 19-8. 

A;,„ - 73 66 - 0-42 /), from /) - 3 0 to/) =- 19*8. 

Ammonium Chloride. 

k = 0-9962 - 0-01114 p - 0*000132 /)-, from = 3-03 to /) = 25. 

A„ r. 86-66 - 0-367/) ~ 00192 //-, from /) -n 3-0303 to/) == 9-98. 

A„ = 78-26 + 0-387 p - 0 0287 p\ from p = 9-98 to p = 26. 

Afto ^)6'1 + 0-1/), from/) - 3*03 to /) ^ 25. 


Ammo7iium Nitrate. 

k = 0-9835 - 0-00618 from/) = 3*04 to /) = 20. 
k = 0-7925 + 0-008565/) — 0*0002675 /)■-’, from /) - 20 to/) = 40. 

A„ = 92-26 - 1-737 /) + 0*04026 //^ from /) -- 301 to/) - 20. 

Xo == 80-1 - 0-986/) + 0-0106 //-’, fi-om/) = 20 to/) = 10. 

Tho valui'S of tho specific heats of nitrate and chloride of ammonium fire not. so 
well ostfiblished as the rest. • 

Winkelmaifa’s determinations do n/5t exhibit an\rp;eneral simple relation between 
the heat of solution and the quantity of water refpiired to dissolve the salt. 

Cold produced by Solution of Ammonium Xfitrate in Water (J. 

Tollingcr, U'if fi. Ahul. her. [2 Al)th.| Ixxii. 636-677). The specific lieat of a .solution 
of 1 mol. of the .salt in 109 mols. water, or of 1 part !>y wci.Ldit of tin- s.-ilt in 22-5 
parts by weight of water, i.s ()-96965 l./ctween 2o*^ .-ind 27'\ or iiofirly 0-962 for ordin.-iry 
t« mpcr;itnre. Tlioniseii fonnd 0*062; Winkelmann 0 966. The gener.al J X[>ressi()n 
for the molecular hcjit of 1 mol. of the wdt in m mol. water i.s — 

» 736 H- 364-8 '///. + '18?//- 

h,,, - - ; 

20 + ni 

or more simply for m < 8, = 29*6 ; 1 7'7/)) ; for m > 8, = 20 -F 17-8///. Tho spoeific 

heat of the soliil salt is, ficeoi-.lin;' m previous deterniirintions ])y Tollingm*, 0-429 
[ihuL Ixi. 319 : Juhrc.sh. J\ Chem. 1870, 112). The e.^timation of the he.-it. of solut ion 
at differ-ait temperatures * led, for tlui unit of weiglit, ;ind for tlie nu)lecule (80) to 
the equations : 

Wf -.r- 84-23 - 0-108 t and Wt 0738 - 32-6 t. 


The quantity of heal absorbed in tho solution of 1 mol. of the salt in ?// mol. water 
at the temperature t is represented by the general equation - 


AV,. 


26342 + 7091 m _ ^ 39*6 /// - 48 


9 4- /// 20 + m 

For the point of solidification t, the determinations above given lead to tlie following 
equations : 


T - 0-338/) - 0 0016/)^’, or T 

' ^ 2-7 + m ’ 


In w'hich p denotes tho percentage of .salt and w, a.s behire. the number of molecules of 
II'^O to 1 mol. NH'NfF. 

With respect to the .solubility oHIie salt, the investigations relating to tlicdetonn- 
ination of the point of .s.-^nration give tlie equations — 

a - 88 3 + 104 m; mid a - ’’ “ 

4-44 + m 

The attainable minimum of temperature i.s limited by tho points of .solidification and 


* Compare Winkelmann, *«/</•//, and Thomsen, p. 987 of this Supplement. 
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saturation, therefore by t and for both of which, acconiing to the fornmlje alcove 
given, m = 5'S2. Substituting this A'aluc, we iiiid 

^ Hr = 3 = - n-ol 

The most favourable propo:Jt,ion of a mixture for cooling a body down U^a given 
lomporaturo corresponds will* tliat degree of corei-fntr.ition which just gives the 
saturation at the desired final temperature. For thf practical application of mixtures 
of water or snow with simmoiiiura nitrate as wigorific mixtures, Tolliiiger lias 
cal^lated two tables according to the points of vit^v above indicated. When snow is 
usoo, the molecular heat of fusion —1440 gram-degrees, and the* molecular heat, 34, 
of ice, lik(!wiso enter into the calculation. 

• Keat of Solution and Bllution of XTltrlo Aold. The following table con- 
tains the results oj’ two series of experiments by Thomsen Chem. (res. Ucr. y\. 

607), in the first of which a hydrate of nitric acid eont aining o-molecules of water was 
mixed with the quantity of water roquire<l to make up 100 molecules, that is to say 
with 100 a-moleculos of water ; in the second series the acid wms each time miNed 
with a quantity of water oqu.il to that which it*already contained, that is to say, with 
o-molciMib's ; 


a 

[.NO*ir..tllX),(100-a)H"<>] 

a 

N'/‘IJ.aU^O, aH=0 | 

01 75 

6‘6;>0 kil.-deir. 

• 03125 

14)14 kil.-deg. 1 

Oo 

.V-IAS 

0-625 

1-393 ,, 1 

1-0 • 

4-171 

1-25 

1-556 j 

1-5 

3*21)2 

2-5 1 

1-378 „ 1 

2 0 

2-M6 „ 1 

j 

1 

j 

3-0 

1-724 

i 

i 

5-0 

0*7..‘.S • „ 

— « — •- 

1 

• 


hVom tlieso valuc.s Tlionis^m draws the following conclusions: When a hydraU^d 
nitric acid NO^’U.aU'O is mixed with a qu:«itity of water equal to that which it 
ah’oady contains, the evolution of heat at first increases with a till a becomes ecjUfil to 
l ‘2t4, at which point tlio quantity of heat evolved attains its rnaxiinuin value, viz. 
l*;)o6 kilogram-degrocs. Wlieii tlie acid becomes weaker, that is, when a> T234, the 
evolution of heat diminishes, and when the acid contains 20 mols. water it changes 
to absorption ; in other wor< Is, the thermic clFeci becomes negativo. The absorption 
of heat on mixing the acid wj^h water goes on till the acid vtontains 40 molecules of 
water, but on continuing llui dilution, (fvolutioii of heat again takes place. The 
minimum of heat-evolution on mixing aqueous nitric or sulphuric acid with a quantity 
of water equal to that which it alreaily contains, takes ]>laco at that degree of 
diliitiuii of the acid at whicli the molecular hc«at (or calorimetric tx^ui valent) of the aciil 
is equal to that of the wat(;r eontaiiicd iu it. For liydroelduric acid this last statement 
*!oi;s not hold gwd, beeaust' in solutions of this acid the calorimetric equivalent <»f 
the acid is always loss thi^ii fliat of the water with which it is associated. 

'fhe. following values, true for ijio teiiiperaturo 9'7°, are deduced by interpolation 
fnan the results t)f experiments by llerthclot {Coutj^t. rend. Ixxviii. 769 -777). 


''iinnul:i «)r the 
originiil sicid, 

NOMI + nlPii 

• 


I3vi)lutii)ii (if ITfi 
oTi liiliitiou to 
NO'H + 200 IP 

NtFH 



7-15 

kil?-degre 

Noni + o-6ir-() 



5-15 


1-0 . 



3-81 


1-6 . 



3-02 


2 



2-32 


3 



1-42 


4 



0-79 


5 



0*42 


6 



0-20 


7 



0-06 


7-5 . 




19 

8 



-0-04 

O 

10 



-0-09 


15 



-0-24 


20 



-0-18 


40 



-0-09 


10011*0 

,‘t T 2 


-0-03 




000 
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Krom these results, IWtholot inlcr.s tho cxisteneo of tho hyiirule NO^TI.'iTI-O. Ho 
vegarils as ineorreet the statement of Thomsen that the absorption of heat wliieli takes 
place on diluting the acid 'svilh^ water changes to evcdition of lieat at certain (hgrees 
of hydration. Tlio influence of temperature is dediicible from the formula 
Qr~Q.’+ U— V, and wliile N(PH + /Hr‘0 is increasing- to NO-‘H + 20011-0, n is less 
than 200, and consoquonl ly O g:*ealor than V, so that, the heat of dilution increases 
continually with the temperature Tho experiments of Hesse, Tliomson, and llertholot 
on tho specitic heats of tlu’se solu-tiona, give for 

w = 0: U - V = O-Oh) 0; - /); n = 10 : U - V - 00181 (t 

w = 20 : U - V - 0-0110 (t - /); n = 40 : U - V :: o-OOol (t - /) 

80: u - V 0-001 (t - t). 

The molecular volumes of nitric acid solutions are represented ap[»roxiniatoly by 
the formula. 

V =- 1S» + 29 (. 

rt*2. 

Tliermic Effects of tbe Reaction of Sulphuric Acid with Water. 

Thomsen {Her. vi. lOfi) regards the greater iinmbor of the experiments hitherto made 
by himself and others {'2/id 083) on tlie cvolutien t)f lu^at attending tho mixing 

of sulphuric acid with water, as defleient in accuracy, and has therefoi-o undertaken 
new experiments, in wl»ii-h, for all do^crmin-itiMns of largo numl)ers, he usc.-d 49 grams 
of strong snlphuric acid, SOMI'-, or about a hundred time.s tlio quantity employe«l by 
Jfavro a. j^ilbermann. Two scries of experiments were made, as in the.-aso of nitric 
acid, a hydrate containing aH-0 being tliluled in the first series Avith (100 ■a)ll-() ; 
and in tho si-cond witli all-tX All tho hydrates Avere analysed AV'ilh tho greatest 
care, so as to preclude as far as possibh? an cmtop of 1 per thousand in their numbers 
of Avater-molecules. The following table exhibits the results. 


a 

(lOU-a)IPO 

a 

SO\all”0, all'O 

1 

10-850 kil.-degrecs 

60 

•174 kil, -degrees 

2 

10-578 

100 

•200 

3 

7-480 

200 

•218 

4 

5-712 

400 

•3‘28 

6 

3-7C8 

800 

•210 

10 

1*910 

- 


20 

•092 



30 

•174 




From these values Thomsen calculates the qnantiti» s of heat evolved on mixing 
1 mol. sulphuric acid. SO^H", wuth n molecules of -water. The results are giAX'ii in the 
following table 


, 

Heat evulve'l in the 

j 

^ JFi'at cvolvc'l in the 

n 

forniatioiui 

; n 

f')rniati(»n ef 


.SlPOV/iPO 



1 

0-272 kil.-degrecs 

49 

10‘676 kil. -degrees 

2 

9-301 

! 99 

10-850 

a 

11-108 

199 

17-050 

! r, 

13 082 

399 

1 17-301 

: 9 1 

14-91() 

799 

i 17-032 

1 

10-218 

1599 

17-818 


Tfaundlor (IViefi. Acad. Tier. [2 Abth.], Ixxi. 156-178) has repeated his measnro- 
ments of tho heat evolved on mixing sulphuric acid Avith water, with results ai)proa(*h- 
ijig very nearly to tho.se fiirrncrly obtainctl (2?id Suppl. 034). J.)enoting by n lh(» 
number of water-molecules ad' led to Milphurie aciil St.)*!!-, the quantitijjs of heat 
evolved in tho formation of the several hydrat.i‘H from 1 gram of SO'JH may Im 
approximately represented within the limits 7i- 1 and m- 5 by the formula 

n 

+ 1-588 


W„ 


17-92. 
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Tlio rise of iempcralurc t proJiiccd iii tlio form:il.ioii (jf the several liydrates is 
shown in tho following' table:- 


71 

t 

1 cojTeeUsl 

n 

t 

t corn.'ctetl 



1 



« 

0-5 

89*0° 

82° 



138-7° 

133° 

1 

134.2 

127 

J 

1251* 

121 

1-.5 

151-2 

145 

f 

111*9 

109 

2 

1.58-4 ! 

152 

7 

99*.3 

98 

2.5 

155-4 

149 

8 

91*2 

89 

.3 

1.53-3 

! 115 

9 

83*8 

81* 

3-;> 

J45-9 

Ml) 

10 

77-0 

76 


'L'hu ealc.nlatiou of t is based on tlie specific heal;, of the hydrates at ordinary 
temperatures, that of t cofrccLed, on tho specific heat as it increases with tho tempera- 
ture betwoiui 0° and 

Tho greatest rise of temperature amounts to and is obtained on mixing 

1 mol. HO 'Jl‘ with 1'81 mol. II-O, or 1 part by weight of SO 'll'* with 0*1338 part 
w'ater. 

Iiorthelot (^Comi)!. rend. Ixxviii. 716) has investigated the thermic relations of tlio 
crystallino hydrate of sulphuric acidoSO^Il-.H-O, with tho following results; 

Kil.- 


• dfi/rers 

S0'ir'*.Il-0 soli.l -h 40011*0 evolves 0-712 

SO'Il-.lI'O liquid + lOOll-O 10*80 

Whence the lioat of fusion of SO ‘TI-.1 1*0 0-368* 

SO'Il* liquid -i- lI-O Ihjuid SO* H-.Il-O li^piid, 1()92()~ 10800 0-612 

S0‘H-’ solid + l!'-() solid == SO MR 1 1*0 solid, 16060 -7120-- U40 - 0-750 

• • • . 

Tho existence of the hytlrato S0‘IRn"0 may bo inferred, according to JJcrtholot, 
from its thermic relations. For, as app<«irs from the experiments of Favre ami 
(iuaillard (^Ind Sitjyjf. 033), on mixing I mol. SO'Jl* successively Nvith ^ &c. mol. 
Mater, tho quantifies of heat evolve«l are proportional to the «iuantities of water 
added up to I mol. 11*0, whon'us above that limit lln‘v decrease rapidly. Tho 
variations in the heat-capacities and vapour-tensions tend also to the same conclusion. 

Thomsen, on tho other liaml (Jhr. vii. 772), rogardvS the exi.stenco of definite 
liydratos in tho a([UOou.s soiuMons of acids as not satisfactorily established. With 
regard to tho liydrate of siil[ihurie acid, iSO ‘I I*. 11*0, tho proportionality maintainoil 
by llerthclot of the quanlalic.s of heat evolved on mixing 1 niol. 80* H* with fractions 
oi’ a molecule of w'ater is not borne out by tlio experiments of Favro and Quaillurd 
abovo cited, or by his OM’ii. With regard also to the hydrate of nitric acid, 
iVOMI.2 11*0, liorthelot’s determination of the quanlilics of heat evolved on mixing 
nitric acid with watiT arc not convincing, and on tho otlicr hand, Thomsen’s own 
ex]mrinients show a continuous evolution of heat up to oII-O, and therefore give no 
indication Avhatever of tlio existiwico of a hydrate N()Mf.21I"0. 

Thermic Changes attending the Solution of Chlorine in Water, and 
the Oxidation of various Salts by Chlorine. ]3crtholot {Compt. mid. Ixxvi. 
1511-1.522; Ann. (3 ini. rht/s. |d],*v. 318-3 oIj) fnuls that tho heat of solufion of 
chlorine in Malir varies bctM^ooii FG-l ami 3-77 kil.-degrees, and considers that the 
A’ariafion is line, nut to tho existence of tMo .'ilh)tropic slates of flio gaseous chlorine, 
but to tho eircuriistanco that tho chlorino is sometimes simply dissolved by tlic 
water, and soniel imes acts chemically on it, the action being exerted both on the 
hydrogi'ii and on tho oxygon. Tho. deconiy»osition of water by chlorine, Avlth evolution 
of freo oxygon (Cl* + 11*0 = 211 Cl + O") should evolve 1 Dhilograni-ilegreos of heat. The 
formation of liydroehloric acid and the oxides of chlorine appears to bo induced )>y the 
prosmieo of a small quantify of a foreign l»oily, perha])s a trace of hypochlorous acid. 

Himilar irregularities arc oKsorved in tho oxidation of mercurous chloride, stannous 
chloride, and forrous sul[)hato by the agency of ehlorine. I'hus, in the action of 
eh lorine- water on calomel, tho heat-ovolvcd Varic.s for 35*6 grams of chlorine, 
hr iM'oen + 16-3 and + 22’8 kilogram-degrees; in tlie action on neutral stannous ehloriilo 
hi tween -f 36'.5 and + 39-6, becoming con.sfcint how’over.iml equal to + 32-2 in presence 
of a crTlain quantity of hydrochloric aciil ; on neutral ferrous sulphate, between 20*44 
and 23*87, becoming constant and = 26*65 in proseiico of a moleculo of sulphuric 

* Tills niinili M- is coiisiiler.'ibly I'roiiter thiui the heat of fii.sion of the pure ncM, SO*!!'-*, viz. 0-86, 
anil greater evci: tliiui tho sum of tho lieiita of fusion of th ? neiil anil water, viz. 0-86 + l--l t = 2*3. 
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acid, SO^H^ and rising to 27'39 in prosoncc of ‘i.SO'H-. Those thormal variations 
may lie explainoil on the assumption that, in the oxidation of the preceding salts, 
the elilorine first decomposes the waiter and produces oxid es of chlorine, with evolution 
of a smaller amount of heat for an equal weight of chlorine. These oxides of cldoriue 
however disappear in course of time, and bring about ^Iio same final condition, ejj. 
the formation of stannic chloride^ ^^nCl^ but so slowly tl(at the heat thereby evolved 
is not imlieated by the therinoinetc|. In presence of a large excess of dilute hydro- 
chloric acid, the quantity of heat evlvcd becomes nearly constant, c.g. in the case of 
sUnnous chloride : 38-o kil.-deg. foK 35*5 gnn. chlorine. The action of chlorine i>i 
hlkaline oxides gives con.staiit quantities of he.at : * 

For Cl- and Iv-O + 25'4 

Cl- „ Na-0 I- 20-3 

„ Cl^ IkiO + 2i)0 

On the other hand 

CFO dilute + K^O dilute gives + Vl*2. 

Therefore * 

CF gas + 0- gas + water gives + o-8. 

In view of the irregularities above noticed, Uortlieliit is of opinion that calori- 
metric determinations, like those of Thomsen (p. depernling on oxidising actions 
under the influcnco of ehlnriue, are not to bo depended uj'on. Free liypoelilorous 
acid cannot bo used for a similar pur|.M^c excepting in cases where the oxidation is 
very quickly completed. pcrmainjiinate also cannot be safely' used for 

thermo-chemical inv('stigations. On tin* whole, the use of indirect oxidation and re- 
duction in thcrmo-chemistry requires very great caution. 

Thermic changes accompanying the action of the Haloid Acids in 
Aqueous Solution on the Oxides of Potassium, Mercury, and Silver ; 
also the mutua?. displacement of these Acids from their Salts (Ilertlulut, 
Compt, remd. Ixxvii. 308) ‘ ‘ 




Kil.-fli?;'. 

211C1 (in 4 litres) + K*0 (in 4 litreh) . 

+ 27*18 

2Hnr „ + K=0 

„ ... 

+ 27*00 

21TI „ , K^O 

„ ... 

+ 27*10 

HI (in 2 litres) + K Cl (in 2 litres) . 

+ 0*01 Mitr. 

HCl ., + KI 

») • * • 

+ 0*10 (-0-06 

HCl gas + water (800H*O) 

+ 17*13 KCl solid +, 

water . . —4*10 

llBr 

+ 20*00 KBr 

,, . . — »V4.> 

ill 

+ 19r)7 KI 

„ . . -5-32 

HgCF (in 12 1.) + K-0 (in 4 1.). 

+ 8*31 

HgCl- (in 10 1.) ,, 

,, ... 

+ 8-18 

HgCF (solid) + water (40 pts.) . 

- 3 04 

whence IlgO + 2HCI (dilute) - 

= llgCF di.ssolved . 

. » . +18*92 

»i n 

= „ solid 

1 21 ’96 


IIgCF(in8 1.) + 2KI(in8 1.) --= HgP(ppd.) -i- 2K(;i (di;.>.) . . .t-4102 

If the quantity of mercuric iodide dissolved be taken into account, t)ie last number 
becomes 4 1 ’32, whence ; 

IlgO + dilute - Hgl' .solid .... n l 

NO’Ag (in 6 1.) + KCl (in 2 1.) .... +10*07 

2XO«rT dilute + K-0 dilute .... +27’fifi 

2N0®Ag (in 4 1.) + K-0 (in 4 I.) .... +17 32 

whence 2N0*II dilute + Ag^O precipitab d . +10-.34 

2irCl „ „ ... 41-20 

21101 gas + „ „ - 2Ag01 + IFO gis . +50*8 

I’ho last figure, however, is only approximately correct, inasmuch as the physic.-d 
slate of .silver chloride, as shown by titas, varies with the conditions of precipitation 
and more especially of drying ; the .same is true for silver oxide. 

XfFAg(infil.) + KTlr(in2 1.)^ .... +2030 

whence 2 fUir dilute + Ag'“0 = 2 AgKr precipitated . . +50-28 

2HBrgas + „ = „ ., +H'''0gaH +71-0 (approx.) 

NO’Ag (in C I.) + KI (in 4 1.) + 20*90 

whence 2 HI dilute + Ag*0 =» 2AgI precipitated . . . +63-04 

„ g'ts + „ I. +n*Ogas. +83-6 (approx.) 



HKAT OF SOLUTION. 


999 


A comparison of these numbers shows tlnit tlio mutiiul disphicementof Uic halogens 
docs not in general produce any thermal effects which can bo regarded as constant, 
pr at all events as iiiultiphLsIof a common constant. An approximately constant 
relation ('xists, however, for the salts of tho alhali-nTetals, and for the acid chlorides, 
bromides, and iodides of certi'|bi non-rnctallic elements, find of certain organic com- 
pounils analogous in coiistituti(..i to the haloid acids. $ * 

The partition of an alkalim', base, potash for ex!/n])lc, between two haloid acids, 
cannot bo predicted on thcrmocbcmical grounds, sJicii the (plant ilies of heat evolved 
in^io formation of the alkaline chlorides, Vnomitjles, and iodides arc equal. In this 
case opposite reactions may take place accordingly as tlio solution is evaporated or , 
precipitated. An ex(>oss of liydriodie acid expels the other two acids almost com- 
pletely on evaporation ; and hydrochloric acid is almost wholly expelled by an %xcoss 
of liydrobrornic. acid ; but the displacements are not complete when the acids are 
pri'sent in ('(piivaleiit quantities. On tlie contrary, liydrochloric acid, even in con- 
sidorabbi excess, displaces only a fraction of an equivalent of liydrobrornic acid. A 
strong s(jlution of hydrocb|j)ric acid added to a saturated solution of potassium iodide 
jirodiices a crystalliiK! precipitati; of potassiiwn chloride, containing only traces of 
iodine. ll(?rtholot considers that in this case the liydrochloric acid first divides the 
base w'ith the hydriodic acid, and tliat tin; anhydrous hydrochloric acid, wliieli, 
according to Jlerthelot, is always present in c(*ncentrat(.‘d solutions, lays hold of the 
water which holds the pota.s.siu!ii chloride in solution, and precipitates tlic latter. 

Berthelot has also observed the followitjjg reaction : (1 eq. in 4 1.) + 


KI (I eip ir* 4 1.) dovelop.s 13‘67 and 13*01 kil.-deg. of heat inste.ad of 20’6 : con- 
sequently III dissolved precipitated gives 23’0. Between the formation of 

2 • 


solid mercuric cliloridtj and that of the solid iodide by means of the dissolved haloid 
acids, Ibero is, thcrefiire, a thcninal differenee of 12'!, whereas for potassium iodide 
and chloride it nmonnt.s to only IT, and rises for silver iodidi* to 11^2, which number 
would fill back to S-'l if the o^»servation wmtS maile at the frt’st moment of precipita- 
tion. The formation of mercuric iodide surpasses, therefore, in a thermal point of 
view’, that of all other know’ii iodides. 


Formation of Cyanides (llerthelot, Or/npt. rend. Ixxvii. 338). Sec also 2nd 
Supjd. 002 : 

ITcat-units 


2llCy(in4 1.) -i- I IgO (.-suspended in 20 1.) .... +30*96 

TfgCy solid + water (10 pis.) - solution. . . . — 1’50 

HOy gas, liquefied by pressure + fi’TO 

1 1 Cy liquid -I- water (large qimntity) + 6’40 

w’hciice : 

2lfCy di.s.soivcd + llgO llgOy'-sulid +34’0 

2 FI Oy liquid + JIgt) — HgCy- „ + 34'8 

2H.Cygas + llgO - - IlgCy" „ + ll-O gas . . + 36-() 


'file formation of dissMved mercuric cyanide develops + 12*00 more than that of 
nieivnric chloride, and coiisiajueihly nicreiirie chloride in dilute solution is completely 
decomposed by hydrocyanic acid. Experiment gave*. 

]lgi:y=(iii 32 1.) + 2llC:i (in 1,1.). ... + 0 0 i N - - 11*8 

llgCl- „ + 21ICy „ . . . -1- 11-8) calc. - 12*0 


On the contrary, dissolved potas.sluin cyanide is completely de\’oinposed by dilute 
hydrochloric acid. 


2lTCv dissolved + K‘-0 dilute ... + o*92 I v - lo-o 

21ICI „ + „ ... +27*18'^' ^ 


Strong hydrochloric acid, on the other hand, decomposes mercuric cyanide, the decom- 
position being duo, according to Bertlndot, to the action of tho anhydrous hydrogen 
chloride, which is cither contained in the solution, or produced under the influence of 
heat, and exhibit.s, for 1 mol., an amount of energy exceeding that of the hydrated 
acid by 0 or 7 licat-uiiits. (lasi?ous hydrogijii chloride expels g.aseoiis hydrogen 
cyanide from mercuric, (Cyanide at ordinary tcinperaturtf with evolution of 6*2 heat- 
units for 1 mol. of tho acid. 

Beitholot has also observed the following dcvcKipmonts of heat: 


2KCy (in 10 1.) + HgCl* (in 8 1.) +33*4 

2KC1 „ + TTgCy’' 0 


* N stands for heat of neulrali.^ation 028). 
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By calculation, (N-N,)~(N'-N',)--=13 n-3-0-(9 o- 15.6)= +16*6 for 1 mol. acid, 
ami for the above 2 mols., 2 x IG'6 -32*2. 

Tile following is a marked exception to the l:iw( of thorraonoutralily of salts ^ 
(p. 985), a double cyanide being fbrmed, and the dissolution being attended with con- 
siderable evolution of heat ; 


Hgl* solid 


2KGy (in 
2KCy 


t: 


I 


Total heat of solution 


- 9*4 
9-4 

18*8 




This formation of double cyanides is shown still more clearly by the following 
oxpernnent : * 

HgCy2 (in 32 1.) + 2KCy (in 8 1.) * -MI G 

Dilute hydrochloric acid added to the preceding licpiid forms JvlM ami IlOy : 

Preceding liquid + HCl (in 2»1.) . . . * . . i- 5-2 

+ 2K01 


The following experiments wore made with silver cyanide : 

(1) NO»Ag (in IG 1.) + IlCy (in 4 1.) .... 

from which ^ 

2HCy dissolved + Ag'^n - 2AgCy precipitated 

(2) NO^Ag (in 16 1.) -l- KCy (in 4 1.). 
whence 

2HCy dissolved + Ag-0 2AgCy precipitated . 

Consequently • 

2 II Cy liquid + Ag-0 precipitated - lk\g(’y + ll*f)*liqiiid 
>, gJis + „ = „ -t- 

!, M + ,, = V, 4- 

Furthcr, the formation of a double cyanide gave: 

KCy (in 4 1.) + AgCy precipitated + water (20 1.) 


+ 15-72 
+ 11-8 
-l‘2G-57 
+ 11-8 


42-6 

51G 

11*4 


5G 


Heat of Solution of the Alkalis and Alkaline Earths (Berlhelot, Compt. 
rind. Ixxvi. 1041, llOG). KHO (561 grams) in dissolvil^ in 2G0 molecules of water 
gives out 12-4G kil.-dogrccs of heat; commercial pure potash containing KJIO + 0-8811*0 
gave off only 4‘60; the pure crystnllised hydrate KII0.2I1-0 gave —0-03. Tlio 
quantities of heat evolved in the dilution of potash-solution, KIIO.nlK), may be 
23 

represented by the formula A = as far as = 11; above that limit, the term 


23 

— — must be appended ; for values of n above 32 the formula is reduced to tins 
lOn xr » ^ 

latter term, and on further dilution heat is invariably absorbed. 

The heat of solution of NallO amounts to + 9*78 kil. -degrees ; for NaTlO + ()•7GII*0 
to +7’31. The heat evolved on dilution of .so\la-solutioiis, NallO-MH'O, is repre- 
23 

sented by the formula A = - , as far as n — 5*6 ; for values of n between 5-G and 18‘ 4 
• w* 


23 

a correction of — O'GO must bo made, and above 18’4 a further correction of— . The 

2n 

molecular volumes of soda-solutions decrease gradually, the limit of this contraction 
not being reached oven at 20011=0. The vtdurnf of dilute soda-solutions i.s smaller 
than that of the water which they contain. 

Ammonia, Nil-’, in dissolving, evolves 8'82 kil. -degrees. The quantity of heat 
given off in the dilution KJl’.wlI*’0 with 200 11**0 is represented by the formula 

A One volume of water at -* 16® dissolves 1270 vols. NIP. The molexiilar 

n • 

volume of the solution NlP + Jill'-'O i.s expressed generally by the formula 
V - 18» + 2t_*‘^. 

n 

The quantities of heat evolved in the forinatifjii of tlio Iiydrates of CaO, MaO, and 
SrO, and the licaLs uf .•solution of these hydrate.*^, Were deduced from the luut of solu- 
tion ill dilute hydrochloric acid. 
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Kil.-dcff. Kil-de^'. Kil.-deg. 

GsiO + ir-O . . +15-10; BjiO + H*0 . .+ 17-62 ; SrO + II-O . .+17-20. 

The dissolution of the anhydrt us bases in water gives rise to the following qujmtitics 
of heat : 

CUO cone, solution . . +18*10; dilute solution . . +19-00 

BaO „ „ . . +27-88; , ' „ . . +28-12 

t>rO „ „ . +26-80; . . +20-8 

7r-uico may be deduced for tho heats of solution *nf the three hydrates the mimlicrs 
+’8 0, +10-26, +9'6i. Ill the formation of the liydrates BaH'O-.Oll'O and 


fc^rH”0-.9 1 !"(.), 21-32 and 24-72 kil.-degrccs of heat are evolved; in tho dissolution 
of tho same hydrates in water, 1 1'06 and 15*08 kil.-dcgrcijs are absorbed. 

I^’rom the values above given Berthelot iiif(?rs the existence of several hytl rates of 
potash and soda; probably conUiined in the solution partly in the state of dissociatioji. 

Heat of XTeutralisation of tlie Alkalis, Alkaline Earths, and Org:anic 
Bases (Thomsen, »/. [2 1, xiii. 241 -270). Tlie heats of neutralisation of 

tho alkalis, including thallium hydrate, ami of tho alkaline earths, exhibit great 
irregularities when these bodies are dissolved as anhydrous oxides or as hydroxides; 
lait all tlicso anomalies disa[)pcar when the licat of neutralisation of the acpieous 
solutions is examined, and tho resnlting compounds remain in solution. In this case 
th(! qmuitity of heat evolved in tho neutralisation of 2 equivalents of base is for 
liydroelilorie acid 27*5 and for sid[)huric acid 31-3 kil.-dogrocs. Tlieso values arc the 
true heats of neutral isatiou of th(5 bases mentioned. The same heat of ncuLriilisatioii 
is exhibited by organic bases analogous inconstitut ion to potassium hydroxide, r.//. tlio 
Ijydroxidrs of t et ra methyl am rn on i urn, tricthylsulphine and platodiamiuo. The heat of 
lUMitralisation of ammonia, on the other hand, is Cfoiisiderably smaller ; for snlphune 
uciil 28*15, and for hydrochloric acid 24*54 ; and it is not altered by the substitution 
of alcohol-radiclirs, for hydrogem ; thus for triethylamino it is for sulphuric 

acid 28-34, and foi- liydroelilorie acid 25’04. The aromatic amines, however, exhibit a 
much smaller heat of neutralisation; for 2 mols. aniline ar I loluidino, it amounts to 
15 kil.-degrees fur hydrochloric and 16 for sulphuric acid, ilydroxylaniino also gives 
with liydroelilorie acid only 18-5 kil.-degrcps. In oxygeiiiscil organic bases tho heats 
of neutralisation of the typo is likewise lowered; thus methylquinine hyilroxide 
gives with hy<li*()chloric acid about 20, whereas tctrainethylammoniurn hyilroxide gives 
27*5 ; triethylstibiiie oxide gavr? with 1 mol. sulphuric acid only 3*65 kil.-degroos. 
.still greater is tho difference when iho oxygcnatotl radicles arc true acid radicles, as in 
the amides ; for 1 mol. urea the heat of neutralisation is only 0*13. 

Heat of Solution of Alcobols In 100-120 times their welg;ht of Water 


(Ilerthelot, Ann. Chlni. Vhys. |5], ix. 307). 

Methyl Alcohol . . .2 Isobntyl Alcohol . . . 2-88 

Ktliyl Alcohol .... 2*5 Amyl Alcohol (ferment.) . . 2-80 

Propyl Alcohol . . . . 3-05 (llyceriii 1-51 

Pseiidopropyl Alcohol . . 3*45 

Heat of Solution and Neutralisation of Ethyl-sulphuric Acid (Bcr- 
Ihelot, Compt. nnd. Ixxxii. 24({). 

C-1 !•( 11-80 ')dil. + .\Na-Odil +13-7 

C-llXir-SO') „ + JBaO +13*9 

Meat o[ SoliiLiou 

C'll'(HNhi80‘.JI-0) crystallised — 3*14 

0 — 1*02 

C'-II*(in5a*-.SO*)H-Oci7stiaiised - 213 

0'-lIXni3a-SO') iiuhyd. (dried in cold vacuum) .... — 0’35 


Heat Of Solution of Alkaline Acetates. According to Berthelot {Compl. 
rrnd. Ixxvii. 975) tlio acelatcs of potassium ami .sodium, wliellier dehydrated by fusion 
or by expoisure. in a vacuum at ordinary teinperatnros. evolve llio same (piantities of 
heat on di.ssolving in watiT, and the re.sulti ng solutions likewiso exhibit the same rise 
of ti'mporaturo wlu'ii t.reateil with liyilroolii'*ric acid. Iveisidiauor some years ago 
observed that fused sodium acetate when exjiosod to the .•.m* takes up 14 mols. water and 
delique.sc.es to a .supersaturaled solution, but that the same salt when dohydratinl over 
sulphuric acid in a vacuum takes up only 3 mobs, water without essential alteration of 
a]>pcjiTance. Berthelot attributes this difference to the fact that tho dohydratkm of 
the salt in a vacuum takes place very slowly, and the slightest trace of tho hydrated 
salt enclosed in the mass -will pi-event the forniat ion of a supersaturated solution, which 
in all probability contains ehietly the anhydrous salt. 
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The evolution of heat in the foriuatioii of tlie sodium and potassium salts of 
acetic and trichloracetic acids has been detcrniini'd by Loiiguinino i^oc. 

Chim. [2], XX. 312), with the view of studying tlio intb-ciico of tlio introduction of a 
halogen-atom into the acid inoh|‘nlc. The alkali-solilil ions employed won* of the. 
strength of O-To per cent., and di<l not decompose tlie trichloracetic acid. The 
quantities of heat evolved on soinfion w<re as follows: | 

I , Kil.-(lcm*cc!^ 


Molution of Acetie acid (m. p. Hi’ox; b. p. 118"} in water . . 0‘3()9 

Tricbloravetic acid ^ „ ,, .... 2*9 .. 

.''olutioii of Acetic acid in (’aiislic PiV^asli lo*4''0’ 

,, Trichloracetic acid 14‘235 

fc' jlution of Acetic acid in Caustic Soda ....... lo' lGK 

Trichloracetic acid ,, 14*1 00 


Hence it appears that the quantities of heat evolved in the forma tibii of these salts 
is determined, not only by the typo and constitution of tin? acid, but also by the 
nature of the elements of wh.icli it is formed. ^ 

Thermal Changes attending 'the Solution and Crystallisation of 
Sodium Butyrate and the Allotropic modifications of Sloments ( Ih^rtlielot, 


Compt, raid. Ixxx. iir2). This salt, in the crystalli.sed as well as in the anhydrous 
state, givi s out heat in dis.solving : 

C'H^\aO= dried at 100'^ -H 4*27 

,, ilried in a cold vacuuifif i 4*21 

C'H‘XaO-.iH“0 +:ifi6 

C‘jr.\aO-’.5lPO +3-44 

Tlie formation of the cryst.'illised hy*lrafes from water and the anliyelrous sail 
givi's out the following quantities of lu-nt: ^ 

C'lrXaO- iTI-0 (liquid) C'll^\al)-..ar-0 . fl-oR 

C‘Ii'Xa<)-’.iH‘0 +’1:1 1*0 (liquid) - C'JrXaO-.;fjl-() . -i 0*52 


The development of lu'at lor the first st*«ui-iuo!eeulc of water is much greater lhan 
for thecAlier live taken togetlier, .‘;liowiiigth::t Mie first liydrale i.s wot simply a niixlure 
of the anhydrous liutyrate with the liighest. hydrate, deducting from tin so numbers 
tlie heat of fusion of w.ater, nanu'ly 0'71d kil. -degree fur each seini-moloculc, the 
following results arc obtained: 

C^H’XaO- + JJl-0 (solid) - 0‘lP\a()-.UHO . . -O-lSf) 

C'H‘Na02..Ur'Ti t- HT-’O „ = CMrXa()-.3H^() . . ~3*35 

C‘IPXaO*“+ 3Jr-t)“ „ =. C'IPXa()2.3II'0 . . -IHO 

The combination of solid water with solid .sodium butyrate to n crystallised hydrate 
is therefore acoonipanied by a consiflerable ab.sorptioii of Jieal , showing that, thecliangc 
of state collS(^qnoIlt on the mere h>weriiig of the temperature below 0 , charigi s tlio 
thermic sign of the combination, which, moreover, lakes plarai dinrMy. 

Similar chaiiL''e.s of thermic sign occur in the allotropic, moditications of olcmonts. 
The conversion of octoli cd ral sulphur into solid iiT .soluble sniphiir is attended 
with evolution of lieat, when it takes yilaee below 18^, with n*) thermal change wlien it 
tiikes placi! at about 18*^, and with absorption of heat above 18'’ to about tlie, melting 
point 113°, probal>ly al.s*) in the fluid st*ato up to about 100°. At 160°, on the other 
hand, the ordinary limiid i.s C‘»nvc rted into iii.S(duble liquid suljihur, and this c,hange 
i.s attended with evolution of h(3at. The-se changes are accompanied by um*qnal 
alteration of*thc specific heat of the two modifications of sulphur with theternperatun?. 
The formation and stability of the insoluble .sulphur depend upon tin’ sign of the 
thermal change which accomiiaiiies (he reai-tion : at and above 100°, aiul below 18°, it 
is .stalile, boean.se its formation is attemied with evolution of heat; between 18'^, and 
its melting point 113°, and probably a l.^o in the liquid .state up to 160° it undergoes 
spontaneous alteration atteiuled with absorption of heat. 

In (tonsequoTico of the cliangc of condition of ;in eleiJUMit with rise of lonqierature, 
a conqiouiid which at a certain temporatiire is unstable or explosive may beerne stable 
at a hlgdier tcmj)erat urc. Th^ formation of hydrogen sidenide from its elemmii'. 
in thoir ordinary state, that into say, from red or metallic selcninni, is at tended, 
according to llautofeuillo {Compt. rend. Ixviii, L'iol ; f. Chem. 1869, 103), 

with ab.sorptioii of heat : 

H“ + Sc — ll*S(; .... ~ iVt or - 4 '2. 

But the .same coinl/inatioii innd; develop 2 units of lieat if the specific heat and heat 
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of vaporiHation of tlio solonium lf(j taken into account. Hence the stability of hyrlrof^cn 
selenido must increase as its lemporaturo rises; and this will account for the observa- 
tion of Ditto (2«(^ }:iuppL 1 07 V) that the quantity of hydro^^eii solcnide formed by 
direct combination of its elements is a function of tin! temperature. 

Solution of Amorphous Bodies. Duvernoy 6b/ir. 1871, 42S, 410) 

tinds that tlio solution of bodies which have no difcfciiict cryslalline structure, but 
approach more or loss to tho amorphous state, such sis gum, resins, plant- extracts, &c., 
is(Mn many cases, attended with evolution of heat, yr where no conspicuous eliango of 
teiTTperaturc. cun be observed, there is, at all events, no diminution. This is shown by 
the following observations, in which tho tcniporature of tlio solvent ranged from 


Snt)stancc 

Kolvcnt 

llise of 
tcrijp(raturo 

Gum Arabic . 

Water 


Dextrin .... 

• • 

1-6° 

Malt Extract, dry ^ 

• • f I 


Caramel 

• • 4. 11 

1-6" 

Liquorice juice. 


1-5° 

iMyrrh .... 

• • >> 

l-5°-2° 

Ca t cchu .... 

• • 11 

o 

o 

db 

o 

Kiiio .... 

Alcohol 

2-5" 

Sandarac 

• • »> 

l.r,o_2o 

Guaiac .... 


l-5°-2° 

JlenmVm .... 


l°-2® 

Jalap-resin 

• • i» 


Shellac .... 


1° 

Di-sigon’s-blood 


1^’ and ah 

(Viteehu 

• • ?• 



I'ulveriscd loaf-sugar or sugiiTjcandy, dissolved in a cortainquantity of distilled water, 
j)roduircd a fall of teiiipcraliire of 2^^ to 3® ;*but when fusfd amorphous sugar, the 
so-called l>arlcy-sugar, was pulverised and ^lissolvcd in a small quantity of water at 
13'^, the thermometer during the dissolution rose to IS*^ and higher. 

(1. I'leury {Compt. raid. Ixxxi. 196) observes that on mixing a. solntioii of 60 grams 
of sugar in 30 g. of water with 600 g. of dilute hydrochloric acid containing 389 of 
hydrogen chloride, a rise of temperature from 49-6° to 02T® takes plac»s which ho 
attribut(;s to inversion of tho sugar. 

Freezing* Mixtures (Tlerthelot., Compt. raid. Ixxviii. 1173). Tlie three following 
processes lake place in freezing mixtures, either singly or simultaneously. 1. Con- 
version of a liquid or solid body into gas (evaporation of ether or sulphur dioxide ; 
reaction of a bii*arlM)iiato with an acid). 2. Liquefaction of a solid body by mixture 
witli a liquifl (solution of salts), or by mixture with another solid body (crystallised 
sulphur Iriuxidc and snow, calcium chloride and snow, &:c.) 3. Cluunical reaction 

uitliin a liquid, alt emled with tlio formation of substances, the solution of which 
absorbs more heat than tliat of their conifionents (dissolved alkaline acetates and <lis- 
solved tartaric acitl, according fo Jlcrthelot’s experiments) or belter by the formation 
of bodies which arc decomposed by water, such as the salts of weak acids (animoiiiuni 
carbonate fonned by mixing an alkaline carbonate with sulphate or nitrate of ammonia), 
acid salts, &c. 

Wliiclu;vcr of these three rc.uctions may bo employed, the fall of temperature 
i — t may be calculated from tho equation: * 

Qf 


t - t = 


'S.pc 


in which Q<| represents the heat afisorhed : p, p, • . . the weights of tbc products ; and 
r, 0 ^ . . . Ihoir specific heats. This tcnipiTatiiro varies with the initial teinperatuvo 
f, but ;il tains its limit with the solidifying jmint of the mixture, on which account it is 
impossible to lower the lem])eralurc beyoml a certain degree. 

'file eliange of tcmjieratnrc which takes place on mixing snow M'itli the crystalliseil 
hydrate of sulphurie aciil, Sll‘()*.Jl*(), is the. i.Min (algebraical) of three reactions, viz. 
the fusion of tho hydrate and of the snow, wdiich is alteAded with absorption of heal, 
and t he combination of the two resulting liquids, which gives rise to evolution of 
heat : 

Kil.-depre 

Fusion of SlFObll-O gives . . . • — 3*68 ^ 

,. 17ir*0 ., .... -24-31 I -18-()3 

Combination of SII'-’O '.11*0 with i 7H‘D . . + 9'8 ) 
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Thi.s is the quantity of hoat aljsorbed for 422 grains of the mixture. To caleulato 
therofroin tlio cloprossion of tenqienitiire, this quantity of heat must be dlviiled liy the 
heat-capaeity of tho resulting mixture for a rise of telhperature of that is to say, 
by the product of tho weight and specific heat of the mixture. This gives : 

^ = — 0‘0526 kilogram-degroe. 

The degree of cold obtainable by ;uch mixtures is greater in prop(>rtif)ii as tlio com- 
ponents have been previonsl}- cooled to a lower temperature. The limit is dotermi.icd 
t e.\clusively by the solidifying point of tho aqueous sulphuric acid produced, which 
lies extremely low. Hut all degrees of cold hitherto experimentally obtaiiicil with 
freezi-ig mixtures fall short of the theoretical amounts, because heat is absorbeu 
from the sides of the vessel, and tho lowering of the teinperatrre is diminislied 
by radiation ; chirlly, liowevi r, because a portion of tho ice remains unmelted. 

The following tabic of the frigorific values of various mixtures of sulphuric acid 
and snow lias been drawn up l>y PfaiiiHller (JlVe//. Ahid. Ikr, [2 Abtli. |, lx.xi. oOU- 
o37), from his own ol)Scrvations on the evolution of heat in mixing tho several 
liydrates of sulphuric acid with water (p. 896) ; the molecular heats of tho hydrates 
of sulphuric acid; the soliilifving temperature of .sulphuric acid at diirereiit degrees of 
concentration (</y/V7. 351 I>91); and he latent heat of fusion of snow 79-4, and its 
spt'ciflc heat O'o determined by Hiinsen; 


Ajiidicahlc to Mixitircs r)/'SOTl-+ 2-874ir'0 with excess of Snow. Initial T€mj)iiratnrc 
of the Materials 0 \ * 


1 

NimilM r of mol. 

Temperature of 

Final leiii]>cniti,ue 

Frlgorilie valiu; of 

'SHOW lo 1 laol. jicii.1 
1 

snow diss'.lvetl at 
tlu' c"iMnii')U'omciit 

tlu* r* suiting 
mixture 

after .'oIiiti«ai of 
the .'iiiow 

the- iiiixtun* per 
mol. fur Icmj). 7 

.s 

1 

n - 2-S7t 

1 

- T 


1 

i 9-126 

9-126 

-37® 

-37 

0 kil.-deg. 

10*5 

9-3 

36 

30-2 

2-5 

11-5 

9-5 

35 

25 

4 

13 

9-7 

34 

21-5 

7 

15 

10 

33 

17-s 

10 

, 10-5 

102 

32 

16-5 

11 

' 18-5 

10-1 

31 

14-5 

16 

: 

lodj 

30 

12-4 

20 

21 

10-9 

29 

11 

21 

26-5 

ll-l 

28 

9-5 

27 

29-5 

11-1 

27 

s-t; 

32 

3-2-5 1 

! 11-7 

26 

7-8 

37 

36 


25 

7-0 

11 

40 

I 12-1 

24 

5-5 

•16 

45 

1 12-S 

23 

1-5 

51 

50 

13-2 

22 

3-9 

61 

58 

13-9 

21 ; 

; 3- 1 

72 

66 

14-4 

' 20 1 


83 

76 

15-0 

19 1 

1 2-8 

97-6 

87 

• 15-7 

18 j 

i 2-5 

111 

08 

16-3 

17 j 

i 2-3 

130 

109 

17-1 

1 

2-1 

115 


To cool a body down to t, it is most advantageous to mix the hydrate SO*]]- <- 
•2 8711I-’0 with snow in .such proporl ion that, after tin*, snow has been melted, the 
mixture may have the solidifying tempi-raliire Jt; will then, at the. begimiiNg, 
have a. lower tem]iera.tm’o To raise tlie temperature from C'^ to a. ])roportionally 
V( ly l;i rge quantity of heat will have to betaken ujj by the mixture; but from 
upwards a mricli smaller quantity <if In-af will l<e sullicieiit to rai.se tlio temperat lire 
by a given amount. Now the quantity of In at which tho mixtures must absorb to 
raise its temperature from to t® is the fitigorilic value for tho temporatui’e t (for 
1 mol. of acid used). 

Cryohydrates (F. Guthrie, Chrm. xxx. 237 ; Phil. Maq. I^], xlix. 1~20, 
206-218,266-270; [5], i. 49-60; abstr. 67/m. Soc. Jour. 1875,333, 530; 1876, i. 
336; ii. 169 1877i i. 36). Every salt soluble in water is capable of uiiiting with 
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water ni definite proportion tOjform a solid liydrato having a distinct crystalline form, 
nuilting point and solidifying iji>int. Tliose hydrates which form only at temporatnics 
below 0° arc called l)y Unthrfr ‘ cry ohyd rates.’ Thus sodium chloride unites wilh 
10'5 (? 10) mol. water, forming a hydrate which solidifies at —23'“*; ammonium 
chloride combines wilh 121PO, forming a compound which solidifies at — lo'^. 

Tho tcmporatiire. at which a cryohydrate forms is^.hc same as tliat whi(ji is [)ro- 
diic(‘.d on mixing the corresponding salt with ice, aAd among similar salts, that which 
uint(‘S with th(. smallest number of water-Tnolccul«*s to form a cryohydrate is likewise. 
lH^it whicli produces tho greatest degree of cold wjien used to form a freezing mixture. 
Tmc following table exhibits the results of experiment with several salts. The 
numbers in column (2) show tho lowest tc^mperature produci!)lo by mixing a salt with* 
^ico; those in (4) 'show the molecular proportion between the anhydrous salt and the 
water of the, cryohydrate (water-value, aquavalout) : 


, 


Tempera- 
ture of 

Solidifying 


Percentage of anliy (irons 

Forniulii of suit 


fncziiiff 
mix turn of 
SiUt Sind 

tempem- 
tiir(> of 
cryo- 

Mols'onlnr 

ratio 

in tlin por- 
tion of cryo- 
iiydnitn last 

iji the portion 
of cryo. solidi- 
fied jnstbf.ftjic 



icc 



soliiiifleil 

tlio last 

(1) 


(•-») 


CD 

(5) 

(C) 

Nallr . 


-28 ° 

-21 ° 

81 

11-33 

41-111 

NIPI 


27 

27*0 

()-4 

55-10 

57-6 

Nal 



• h'y 

;VH 

50-45 

59-30 

KT .... 


22 

22 

8*5 

52 07 

51-72 

NaCl . 


• 22 

22 

10-5 

23-60 



, SrC12 hfiir-O . 


18 

17 

220 

27.-57 

27-5 

(NlT‘)-SO^ . 


17-5 

n 

10-2 • 

41*70 

42-2 

Nlltllr . 


17 

V 

IIT 

32-12 

32-17 

NJI'xNO*. 


17 

17 

5-72 

43-71 

43-26 

NaN()» . 


16*5 

17'5 

8T3 

40 80 

41-3 

NH‘C1 . 


16 

15 

12- 1 

19-27 

19-27 

KBr 


13 

13 

13-04 

32-15 

31*80 

KCl 


10*5 

11*4 

16-61 

20-03 

20*07 

K=CrO< . 


10*2 

12 

18-8 

36-27 

36-41 i 

BaCl=-f 211-0 . 


7-2 

8 

37-8 

23-2 

1 24-0 i 

.Sr(NO»)‘. 


6*0 

6 

33-0 

25-90 

25-01 

MgSOM- 711-0 


5*3 

0 

23-8 

21-86 


Zii.SO‘ + 711-0 


5 

7 

20-0 

30-84 

— 

K\0* . 


3 

2'G 

14-6 

11-20 



Nii-C0=' . 


2*2 

2 

02-75 

5-07 

— 

CuS()‘ f-riH ’O 


2 

2 

•13-7 

16-89 


kvso‘+7ir-o 



2*2 

41-41 

16-02 

17'85 

X-.S0‘ . 


1*5 

1*2 

114-2 

7-80 

7-5 

K-Cr-O^ . 


1 

1 

202-0 

5-30 


IkCNO^)'-' 


()-9 

0*8 

250*0 

5-30 

___ 

Xa’.SO* + 1011-0 


0*7 

0-7 

1G5-G 

4*55 

— 

KC10-‘ . 


0*7 

()*5 

222-0 

. 2-93 

2-88 

Ai(Nii')(«0‘y- + i2ir-() 


0*1 

0*2 

201*4 

4-7 

4-2 

HgCl-’ . . . 


0*2 

0*2 

150-0 

3*21 

3*29 


The solidifying point of a mixture of two salts coni aining the same baso or the same 
acid, lies between those of the constituent salts ; so likewise docs the temperature of 
the mixture when used as a ciyogen. When salts with dillereut bases and acids are 
mixed, partial decomposition takes place, rcvsultiiig iii the formation of two new salts. 
Thus a saturated solution of a mixture of KNO^ and NVSO' solidifies at —0°, ns a 
mixture of NaNO® and K‘‘SO*, whereas NaNO® alone solidifies at —17°. 

The following table contains the results of experiments u’ith several mixtures of 
salts. Tho solutions were evaporated 'to incipient crystallisation, then cooled down 
till the salts appearotl dry, and tho Uimperature required for the formation of tho 
cryohydrate was noted. The temperature of tho mixture, as cryogen, in the la.st 
column, is tho lowest that was observed on mixing tho salt with snow or pounded 
ice in various proportions: 
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Jl 


Mixed salts 

( 

Sididifying point of Cftfl, 
ooiistituciit us cryohydnifi? 

Temp, of liiiul 
KoliUitlcation of 
tile uiixture us 
cryohydruti; 

Tcin])eratnro 
I)roilueed by tlio 
uiixture ns 
cryogen 


{(>) 

^ («) 



(n + A) 

o 

+ NaNO® 

V 2-6 

-17*5 

-17 

-16 8 

KCl 

+ NaCl 

' 11-4 

220 

21 

21-8 * 

KCl 

+ Nil 'Cl 

11*4 

150 

17 

18-0 

lia(NO»)’ 

+ Sr(N()=')- 

0-8 

6-0 

4-3 

5-8 

BaCl- 

+ SrCr-' 

8-0 

170 

8 

16-7 

(x\H')-VSO' 

-1- N:i‘SO‘ 

170 

0-7 

7 " 

160 

2KNO» 

+ Na-SO* 

2-6 

0-7 

5 

— 

xVaNO* 

+ K=SO‘ 

17*0 

12 

5 

... 

2K‘-'SO^ 

+ 2 NaCl 

i 

1-2 

220 

^ 12-5 



The following tables contain tlio results of oxiwriments on tho separation f)f Ice, or 
of a Hydrate, or of Anhydrous salt, from salino solutions below 0'^, particular attention 
having been paid to prevent the supersaturation of the solution, especially M'ith ice : 


NaCi; 
wt. p. c. 

U ='0 
wt. p. ( r . 

l-finp. of 
formation 
uf s 

1 

C«mstitution 

olid body 

KXO“ 
wt. p. c. 

IPO 
wt. p. c. 

of solid body 

1 

1 

99 

- 0-3° 

lee 

1 

99 

- 0-1° 

Ice 

2 

98 

- 0-9 


2 

98 

- 0-3 


3 

97 

- 1-5 


3 

97 

- 0-7 


4 

96 

- 2-2 


4 

or 

- M 

J, 

7 

93 

- 4-2 


5 

95 

- 1-5 


10 

90 

- 6-6 


7 

93 

- 2*2 


13 

87 

- 9-1 


8*5 

91*5 

- 2-6 


15 

85 

-11-0 


10* 

90 

- 2*9 


16 

84 

-11-9 


11*2 

88*8 

- 3*0 

Cryoliydrat e 

19 

81 

-15*5 


12 

88*0 

0-0 

KNO =» 

20 

80 

- 17*0 


13 

87 

+ 2-0 

J9 

22 

78 

-20*0 

„ 

15 

85 

+ 6*0 


23*6 

76*4 

-22-0 

Cryo hydrate 

20 

80 

+ 11*0 

)> 



-12*0^ 
0 - 0 ) 

I Suberyo- 

25 

75 

+ 21-0 

if 

26-27 

26-5 

i 0 

73-73 

73*5 

•f li yd rate 
( NaC'l 

35 

10 

65 

60 

+ 35*0 
+ 11-0 


+ 25-0 






26-8 

73-2 

+ 40-0 


(’uCl-* 
wt. p. c. 

IPO 
wt. p. c. 

Temp, of 
ftjrr ation 

Constitution 



’J'«rin]). of 
formation 
of != 



or soinl iMMiy 

Nim 
Wl. p. c. 

n-'o 

wt. }). c. 

Coiistitutum 

olid bo<iy 

! 

1 

2 

99 

98 

97 

96 

- 0 - 2 '’ 
- 0-5 

Ico 

O 

1 

99 

i - 

Ic.- 

3 

4 

1-1 

- 1-6 


3 

97 

- 1-6 

„ 

5 

95 

- 2-1 


5 

95 

- 3-1 j 

„ 

7 

03 

- 3*3 


7 

93 

- 4*6 

„ 

10 

90 

— f)-i) 


10 

90 

- 7*1 


15 

85 

- 10-5 


13 

87 

- 9*9 

„ 

20 

80 

- 17*5 


• 15 

85 

- 12*0 

>» 

28 

72 

- 27*5 

Cryohydrato 

16 

17 

84 

83 

- 130 
- 11*0 


36*45 

73-5 

- 37 - 0 | 

Unknown 

hydrate 

IS 

82 

- 15*0 

tf 

39 

61 

0-0 

CaCU + 6ir-’0 

1 1 -^ 

19*27 

81 

80-77 

- 15-8 

- 16-0 

Cfyohydrato 

15 

55 

+ 15*5 

.. 





1 20 
! 22 

80 

78 

- 15 *() 

- 5 

Nii^Cl 

Pit;! 
wt. p. c. 

li’O 
wl. j), r. 

Temp, of 
fomiation 
<if s 

Constitution 
did Ixxly 

23*2 

70-8 

75 

0 




25 

+ 8 

” i 

1 

‘19 

- 0*7 

leo 

30 

70 

+ 32 

” 

2 

1 

98 

- 2-0 

II 
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1 

IICl 


'IVmp. of 
I'ormsition | 

1 'onstitiitiou 

wt. p. c. 

wt. p. 0 . 

of 

lid body 

» 

97 

- .3-6 

Ifr. 

4 

96 

- 0-3 


5 

90 

- 7-0 



94 

- O'O 


93 

-ll-O 


a 

02 

- 14-0 


‘) 

91 

- 1 7-0 


10 

90 

- 20-0 


12 

88 % 

-27-0 

19 

14 

86 

-36-0 


U) 

84 

- 40 () 

• 

if 

Kr.r 


3’cin|i. of 
funtisLtioii 

Constitution 

wt.. J). c. 

wt. p. c. 

of body 

10 

90 

- 3 

Teo 

20 

SO 

- 7-1 


.30 

70 

-12-0 


a2-i5 

67-9 

-130 

Crvohydratc 

33 

67 

- 9-8 

KBr 

34 

66 

- 0 0 


3.V03 

60 

0 


j :Ji)-7 

GO- 3 

+ 20 


1 .13-2 

oo-s 

+ 40 

• ,, 

K1 


'IVinp. (if 

Constitution 

1 wt. p. c. 

wt. J». o. 

of solid body 

' 10 

90 

— 2-2° 

Ico 

20 

80 

- 01 


30 

70 

- 9-0* 

>> 

40 

60 

-14-4 

„ 

02-07 

47-93 

.-22 

Cry ()hy( Irate 

00-03 

41-07 

0 

KI 

OSO 

41-1 

+ 20 

,, 

01-4 

38-6 

f 10 

91 

1 

NiiT 

wt. p. c. 

H“() 
wt. p. c. 

Trnjp. (if 
ftiniiiitioM 
of s 

r'liiistitutiou 
olid b(Mly 





0 

00 

„ o-r-^ 

Jeo 

10 

90 

- 2-1 

ft 

10 

80 

- .3 0 

20 

80 

- 60 


20 

70 

- 8-0 


30 

70 

-11-8 


30 

60 

- 10-2 


40 

60 

-20-0 

ft 

Oryohydratt* 

<10 

00 

- 260 

40-2 

00-8 

- 30-0 

00 

00 

-29-0| 

Sulx’ryo- 

liydrjilo 

00 

40 

- 200 

99 

60 

10 

-14-7 


61-6 

38-1 

00 

Nat 

G3-() 

.36 -4 

+ 13-0 

1 

99 


(NIM)-W 
wt. p. c. 

• 

]J+) 
wt. p. c. 

Temp, of 
fnriniition 
of s 

Constilidioii 
)lid body 

10 

90 

- 2-6° 

Jeo 

20 , 

80 

- o-o 

f 

28-6. 

71-4 

-10-8 

99 

40 

60 

-36-0 

99 

41-'/ 

08-3 

-17-0 

Cryohydrato 

41-9 

.08-1 

0-0 

(NllTSO* 

4.3-2 

06-8 

+ 19-0 

- 

NII^NO’ 
wl. p. c*. 

JI*0 
wt. p. <r. 

'romp, of 
fonnation 
of S( 

Constitution 

did body 

To 

90 

. 

- 3-0'" 

lee 

20 

80 

- 7-0 


30 

70 

-110 


10 

60 

-17-0 


43-7 

06-3 

-17-2 

Cryoli^’drate 

#17 

03 

-12-0 

NH‘N(V‘ 

51 

49 

— .V7 


04-1 

10-9 

0-0 

}9 

66-5 

43-5 

+ 18-1 

99 

irj+-o^ 
wt. p. c. 

n-c 

wt . p. c. 

Temp. of. 

1 1 Tmation 
of s 

Cionst itnlioii 

did bo'ly 

• 

» 

. 


0 

90 

- 0-6'" 

Tee 

10 

90 

- 1-0 


10 

80 

- 3‘0 

99 

20 

80 

1-8 

99 

21-86 

78-14 

- 00 

Cryohydrale 

21-9 

78-1 

0-0 I 

JVIf?S()* + 
7H‘0 

20 

70 

+ 10-0 


3,0 

70 

+ .31-0 

- 

wt. p. 0. 

]l"0 

wt. p. 0.1 

'reniji. of 
format ion 
of s 

(’■institution 

olid body 

10 

90 

- 0-8° 

lee 

20 

80 

- 2-7 

„ 

30 

70 

- 4-7 

„ 

^40 

60 

- l)-0 

„ 

48-3 

01-7 

— 6 0 

Cryohydrato 

50 

00 

O’O 

AsNO" 

53 

47 

— 2-2 

99 

.00 

10 

00 


69-4 

3()-4 

t 19-0 

99 



BaCP 
wt. p. (\ 

n=o 

wt. p. c. 

Temp, of 
fonnation 
ofi 

Constitution 

;olid body 

• 0 

90 

0-9" 

Ico 

10 

•JO 

2-2 


10 

80 

- 4-0 


20 

80 

- 6-0 


21-83 

78-17 

- 7-0 

Cryohydral e 

23-98 

76-02 

0-0 

BiiCr-+H-() 

30 

70 

+ 20-0 

11 
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\vt. p. 

H“() 
w:. p. c. 

To..,,, of i 
fonuatidu 1 

(d s.ilid bmly 
i 

NaC-ll^‘0- 
\vl. p. c. 

\ 

IPO 
w'^. p. c. 

5 

05 

- 0-2" 

! Icc 

22 

78 

10 

00 

- 0-8 

’ 

23-3 

7G-7 

H-r» 

140 

8o-5 

Sol 

- 2-0 
' o-o 

1 Cry ol; VI Inito 
ibv.^o‘-i 7ir-(> 

1 

20-6 

73-4 

yjuVO-' 
\vt. JI. 

ri'-’o 
wt.p. c. 

r 

lomatiiHi 

of .solid body 

Kcni'O" 

wt. p. f. 

IP’O 
wt, p. c. 

i') 

05 

- 

Icc 

5 

95 

10 

90 

- 1-2 

,, 

10 

90 

lii 

85 

~ G-3 


15 

85 

20 

80 

- 8-4 

.. 

20 

so 

2.) 

75 

-10-8 

,, 

25 

75 

30 

So 

70 

Go 

50 2 

o7*0G 

-13 
-- l.Vo 
-17-5 

0-0 1 

“ 

30 

70 

40-8 

12-34 

Ci'vohytlrato 

NaNO^orSrb- 

(•lyjliyilrate 

TA t. p. C. 

H*0 
wt. p.o. 

Pb(N(J‘)" 
wi . p. e. 

HU) 
\vt. p. (;. 

Tomj). of 
fdnniauiii 
of s 

Coii^titiitioii 
)]i<l l.>ody 

5 

10 

15 

05 

00 

85 

80 






0 

05 

- o-s"^ 

Tee 

25 

75 

10 

00 

-- O-o’ 


30 

70 

lo 

85 

o 

1 

,, 

35 

G5 

20 

80 

- 1-2 

,, 

10 

(50 

2G-23 

73-77 

- 2-5 

Cryohydrato 

45 

55 

20-80 

70-11 

(J-0 

PI)(N()7- 

50 

51-33 

G7-4 

50 

48-G 

32-G7 

Sr(NOj- 

IPO 

'I’o.mp. of 
formation 
of s 

Con.'-titution 

wt, p. c. 

wt.p.c. 

did b<«ly 

cirtp 

H^O 






wt, ]». 0 . 

wt.p.c. 

0 

05 

- 0-5 

IC: 


10 

Of) 
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Kxperimonts on the soparat/on of Ice from solutions of mixed salts led to the 
following results : 

Solutions containing 20 per cent.* Solid Bodies : 


ArNO» 

Ntl^KO' 

H®0 


20 g. 

log. 

120 tr. gave ice at 

-4*3° 

20 

20 

lf?0 

/>*0 

20 

30 

200 

frii 

10 

20 

120 

rvH 


Solutions containing 30 per cent. Solid Bodies : 


30 g. 

If) g. 

lOo g. gavo ice at 

-6*8^ 

30 

30 

140 

8-0 

20 

30 

116*6 

8*9 

20 

10 

140 

9*1 


Tho.sc valiic.s ngroo nearly with tho.«5o calculated on the supposition that the influence 
of each const iliicrit of the mixture i.s proportional to its mas.s. 

Til aiiucous .solution.s of organic colloi ds, such as gum-.arahic, white of egg, 
gelatin, ami mixtures of t he same, the separation of icc Ixigiiis at 0°, ami complete solidi- 
lieal ion take.s place at a teinpcjratiiro not lower than No cr^'oh}'!] rates appear to 

he formed, and in tlie solidiiiod masse.tj, ieo ai^ colloid can be di.stingiiishcd .‘<ido by 
si‘Ie. Consequent ly gum ar.ibic, for example, is inactive as a cryogen, inasmuch as 
w’lieii it is jnixed in the form of powder at 0^ with ice, the temperature remains 
nnaltoroil. 


Dhcompo.sition hy JIkat — Dissociation— Thermo ly. si a. 

• 

Tho following theory of Dissociation is^ proposed by Koi^stmann (Liehig's 
AnnaUn, ('\\\. 102-210). Sir WiiliaTn Thomson lias pointed out, as a eonscqiieiice 
(»f the dynaiuieal theory of heat, that the en^re universe is l)ciug gradually brought, 
by t he sum l<jtal of natural forces, to a state in whicli all physical cmTgy will bo in 
tile form of beat, and that heat so diifusod that all matter will be at the .same 
temperature (s (!0 Hkat, iii. 13o). This conclusion has Ixxn put into mathematical 
form by (Jlausius {^V<><j<j. Am. exxv. 400), who has w'orked out a magiiiLudc called 
‘ i'iUtroiiy,’ which, in all (ho changes taking place in the universe, is continually 
inc.reasud, but cannot bo dimyiishcd by any known natural force. Tho limiting state 
aliovc mentioned will iheroforo bo attained when the entropy has reached its greato.st 
possible, value, and under those conditions no further changes can take place except- 
ing those in which the entropy remaiFi.s constant, as for example in tho movements of 
the smalle.st particles of a body of con.stant temperature, in which those movements 
arc rc.sl.rictcd within given .spaces, and their changes of vi-locity within fixed limits. 

ill dis.soei.'ition-plienomena, accor<ling to fIor.stmann, tho limiting state is brought 
about in a similar maiiver, and is attained when the entropy has l)CCome as great as 
it can bo under tins conditions of Dm reaction. Tho problem is thcriifore solved wlnm 
we know by what circumstances and in what manner the entropy is altered during 
the cliaiiges under consiih ration. Cuiisuler, for example, the resolution of a gas- 
eous body into ga.seous con.^tituentst under a V'oiistant volumo. The entropy i.s 
(1) ilimiuished by the consumption of heat in chemical work ; (2) increased by the 
.se{);i ration from oin? another of tho atoms of tlic decomposed molecMes ; (3) increased 
by tb(} incn'ase of dislaneo between tho still uiidocoinpo.sed moleenle.s, which neverthe- 
less must still uniformly fill tho s;imo space ; (I) and (,)) diniinislied by the increase 
in tho niimbi r of molecules of tho two products of the decomposition, and the diminu- 
tion of the tlistances bidweeii these molecules. The entropy will thereforo attain its 
maximum value when the greatest possible number of molecules has been decomposed, 
uitli the smallc.st pos.sildc (jxpendituro of heal, and when moreover the molecules of 
the tlireo gases liave been moved as far apart from one another as possible. This, 
however, can in general happen only wdicn tho decoinpo-sition is incomplete', whence 
it follow's tliat a portion of tho original ouxipound will always remain undo- 
cejmposod, • 

Horst maim has also deduced from his llicory the follou-iiig conclusions, which ho 
lias verith'd by experiments on ammonium carbamate {Dent. Ckcrn. (ics. Bcr. ix. 
162/)); 

1. Tho dissociation of a solid body, like chloriile or carbamate of ammonium, 
whoso constituents arc all gii.sooufi, is .smaller in amount in prosenco of one of the 
products of decomposition than when tho decomposition takes place in a vacuum. 

‘Ard Run. R TT 
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2. The decrease in dissociation liecoines greater as the pressure of that product 
of the action which remains in excess increases ; thee laws regulating this dbcrcaso 
in dissociation may be formulated inatheinatically. 

3. The tension-decrease of each constilueiit of the compound is equal for the 
same pressure, provided tliat the molecule of the compound contains equal numbers 
of moloculcs of each constiLiieii:. (sal-ammoniac, for instance). 

4. If, on the other hand, more mob'cides of one constitiu'nt arc pressiiit in the 
compound than of the other (ammonium carbamate, <S:c.), then tlie amount of infliumce 
exerted by each conslituent is different from that of tlio ollicrs, dissociation bev 
decreased to a greater extent by tlie presence of that constituent the largest number 
of molecules of wdiich an? [»reseiit in the compound. 

5 .Dissix'iation is decreased by the same constituent in tins same proportion at 
all tomporaturcs, as soon as the pressure exerted by the constitmmt wdiicli is in excess 
stands to the dissociation-tension in a vacuum in tlio proportion corresponding with 
the temperature of the experiment. 

The experiments on aiiimonium carbamate were ma«le, without artificial heating, 
at temperatures between 17° and 22?^ at which, according to Naumann Qlnd Suppl. 
2.)2), the dissociation-tension of amnioiiium carbamate in a vacuum is between 50 and 
70 mm. AVInai the pressure of an excess of carbon dioxiilo amounted to about double 
the dissocial ion-tension of ammonium carbamate in a vaciiiim, this tension was 
reduced to about 40 per cent., and with a sixfold pressure of car!»oii dioxide at about 
400 mm., it was reduced to about 20 per cent, of its original value. In pre.senco ot 
an excess of ammonia, the dissociatiol.-lension had sunk to alioiit 40 per cent, of its 
original value, before the pres.snivof the ammonia in I'xei^ss amoiintt'd to threc-foiirtlis 
of the corresponding tension in the vaeuiim; with a «h>iil)le. pressure, tlie tension was 
only 10 per cent., and with a six-fold pressure only 2 or 3 per cent, of its original 
value, scarcely amounting to 2 mm. 

Indilfercut gases, such as atmospheric air, produce no perceptible alteration in 
the dis.soeiation-tensiuii of ammonium carbamate. ' 

On the Theory of DLsociaiion ^ see :dso K. Mohr Suppl. G30 038). 

Decomposition of Phosphoru." Pentachloride. The vapour-density of 
this compound, as determined by Dumas’ methoil, is 3 01) (iv. 512), that is to .say, 
about half what it should bo for a coinlensation to 2 volumes: 

X 0'0093 — 7‘2. Thi.s result indicates a re.solution of the vapour of PCI * 

by heat into PCD and Cl- ; and in fact it appear.s from experiments by Wnrtz {Dent, 
(.■hem. (its. Ijrr. ii. 102; Compt. rend. Ixxvi. 001) that when the pontaehlori*le is 
volatilised at low temperatures, ami the vapour mixed with air, the density of the 
vapour comes out nearly e(p,ial to the normal valine 7‘2. The mimbers thus obtaincil 
Were liowover all somewhat Ijelow this normal value, whence Wnrtz infers that some 
amount of (liss iciatioii must have taken place, even at tho comparatively low tempera- 
tures at which the experiments were comluctod ; and to prevent this or diminish its 
amount, further experiments were, made in wliich tho vapour of the pentachloride 
wasallowedlodilfa.se into a space* alrea<ly saturated with l-iie vapour of one of its 
docomposition-proilucts, Vva. tlie trichloride. Oip. of twelvi! dotei’mi nations thus 
made, seven gave numbers agreeing nearly with the. normal density, four approxi- 
mated thereto more or le.ss, arnl only one sluiwed a sensilile exce.ss above it, probaldy 
in consequence of peculiar circurnsi.ancij.s in Iho experirmait. These results show 
that tho normal vapour-density of pliosphorus pentachloride is that of an uiidccom- 
posed atomic comjTound. 

On tho Dissociation of Sulphur Tetrachloride, see 'Ind Sappl. 115; of 
Gaseous Hydrogen Iodide, p. 428 of this .Supplement ; of Chloral Hydrate, 
p. 440 of tho same. 

On an apparatus for exhibiting tho I)i.s.sociation of Iodine Trichloride, see 
JJronken {Dent. Chem. Ges. Ber. viii. 489 ; Jahresh.f. (Jlecm. 1875, 151). 

Decompositloii of Mercuric Oxide. ICxperirnonts on the decomposition 
by heat of pure mercuric oxide (freed from im^rcurous oxide by ignition with 
ammonium nitrate) liavo been made by J. Myers {Dent. Chetu. Ges. Ber, vi. 11). 
Tho oxide was heated in a^glass tube conncctoil with a Geis.slor’s pump, whereby tho 
tube could be exhausted, and the pressure of tho gas evolved on heating tho oxide 
could be measured. At 150° the tension oi tho gas soon reaches 2 mrn. of mercury, and 
reniJiins const ant w'hon the heating is continued at that temperature for an hour, 
also when the heat is increased to 240° ; at 293° it does not exceed 2*5 mm., and at 
350° it amounts to 8 mm. Hut above this temperature, tho tension of tho evolved 
oxygon has no superior limit, but increases continuously, though slowly, with the 
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duration of tlie experiment, a;i:nountin" to 16 mm, after five hours’ heating nt 100°, 
and Lo 343 miii. after 7| hoii^’ tit 560°. Hence Myers infers that up to ;i ecrttiin 
temporatiiro (tiboiit 360°) thev dissociation of mercuric oxide by hetit is normal, the 
number of molecules decomposed in ti given time at any consttiut temperaiurt^ being 
equal to the number of those which reunite by coming in contact, so that a state of 
cquilihrium or maximum tension is attained (see r^iuiidler, Pogy, Ann. cx.fxi. tVl) ; 
but that tibovo this temperature tlio tension lias no superior limit, because the separate 
molecules have attained a rapidity of movi'racnt greater than tha4 which is compatible 
•»th their recombination. The decomposition of mercuric oxide by lieat exhil)its 
lift furtiier anomaly that the tension of the liberated gas does not diminish on cooling, , 
wlicther tlie cooling be slow or rapid. 

Debray {(hmpt. reiid. Ixxvii. 123) objects to the conclusions drawn byJMyer# from 
%ho experiments above mentioned, on the ground that the vapour of mercury being 
constantly rcmo\’^d by condmisation in the cooler portions of (he apparatus, tho con- 
ditions for the attainment of a maximum tension of deeoinposirioii did not exist, and 
points out that in order to study the real phenomena of iiecoinpr)sition, it would bo 
iieee.ss!i,ry to heat tlie siibsfanco in an apparatu^j of uniform teinpcraturc in every part. 
Operating in this manner, Dc bray finds that when a scab d tuix; containing mercury 
and oxygen is heated to 440°, tho oxygon is almost entirely absorljcd, and that even 
on rapidly cooling the tube, tho combination completes itself before a tern perature can 
li(! reached at wdiicli the elements w’uiibl be without action on one another. I’liis 
dilfercnco of result is evidently duo lo the fact that in Myers’s experiments the 
tension of the nu‘r<*ury vapour was very low colhpared with tlia.1. of the oxygen. That 
an apparent maximum tension Avas obtained at temperat ures lielow 350° w'as probably 
due to tile tery slow rate at wliieli decomposition ])roceeJs at those lower tempera- 
tures. 

Decomposition of Carbonates. jToulin {^UuU. Soc. Chivi, [2], xix. 345) has 
examined tho dissociation of metallic carbonates by lieat ing them in a glass tube 
eoiincetcd Avith a pressure -gauge and a mer'curial pump, d’he salt was dried at a Ioav 
l.rmp(^rature in an atmosphere #f carbon dioxide, and the tubr*, having been cxhauslct!, ' 
Avas then heated by immersing it in an oil-bath. 

Manga lU'se carbona t 0 began to decompose at 70°. At 150° the tension of 
the carbon dioxide uttaiiUMl a certain value, 215 mm., which remained constant for 
that torn peral ui e ; when the salt Avas albnvod to cool, rocomb illation took place, and 
tlni tmision reverted slowly lo its initial A’aluo. Above 2<>0° tlio <leeomposil:ion was 
nearly eomjilete, and tho elastic force of tho gas increased constantly to two atmo- 
sph(.!P<‘S ; the carbonate becaino brown, and little or no rcabsorption took place <in 
cooling. • 

Wlieii the carboiiiitti was heated to 100°, 150°, and 200°, then alloAA'ed to cool, and tlio 
tmnperalnro raised a second time to 100°, the extreme tension Avas b'ss than one-half 
of the tension attained when the salt wnis Iicatcd for tho lirst time to 100°, ami a 
third h(!ating jirodiiced no sonsiblo alteration of tho lower tension. Since no ox- 
hanstion Avas ellbele<l during tho three operations, this result is probably duo to some 
molecular cliaiigi* in tlm carboiuitc, Avhicli reudors it more stable, and conseipieiitly 
moris able to resist. di Iroinposition at low temperatures, d’his explanation is also 
strengthened by the fact that Avheli tho temperature of the l.'atli Avas quickly raisol, 
the. elastic Ibrce of tlll^ gas attained a Amine, 189 mm., more than «]ouble of that at, 
AV'hich it rmnaiiicd constant after a lengthened licating, viz. 215 min. ; a. circumstance 
Avliieh .seems to imply that tie' molecules are not, in Ihciirst imstance, in that condition of 
stable equilibrium wliicli they finally acquire AAdicii tho tempcr;^lure Inus passed a 
certain degree, and remained unifurm for a considerable time. 

Tho results of tho experiments with si I ver carbon at e Avere somewhat different 
from those Avitli niaiigaiieso carbonate, inasmuch as tho decomposition of tho carbonate 
and of the r«‘.sult.ing oxide proceodod simultaneously at temperatures above 200°. 
Below this, tlio extreino tension was sensibly inferior to that, of maugancso carbonate 
under tho sanio conditions, and tho salt altogether underwent (Icconiposition witli 
greater facilit.y. The decomposition Avas coiiiplote at 225°. 

ExperimeiilH Avith load carbonate (nath’^o conissito) show'od that tho tension 
of tlio carbon dioxitlo, Avliich at 150° was bcloAv 30 min., rose to 75 |mm. at 250°, and 
increased rapidly up to 300 ’ — at Avhich comploto'decompositiou took place — attaining 
in 2.* hours a force of two atmospheres. 

These experiments show that metallic • carbonates are very easily decomposiblo, 
and indicate tho necessity of great precautions in their preparation and drying 
pre\dou8 to analysis. 

On the J)issoriatio?i of the Acid CarhnnatM of Ammonium, Potassium, and Sodium 
in aqueous soltiiion, see p. 409. 


3 n 2 
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Decomposition of Hydrated Salts. G. Wicdeinann {J. 'p/r. Chem. f2], ix. 338) 
liMs pxsnuined tlio dissopialion plu'iK»in«iia of several hydrated salts by introducing tlicni 
into tlio vacuum of a baromotor-tube, :and measuring tlic depression of the mercury 
produced by tlie pressure of 1 lie eVoIved aqueous vapour, lleforo making an observa- 
tion, the temperature was kept constant for about lialf-an-hour, in order to ensure a 
uniformr listribution of beat tbivmgh tlio slowly-conducting mass of the crystal. After 
about ten minutes, however, the luvcl of the mercupy was fouml to alter but very 
sbAvly. In spite of* the precaution just mentioned, the results were often irregular, 
the tensions observed at low temperatures often diftering but little from those of pu’-i 
, water-vapour. To obtain constant results it W'as necessary, before introducing tiio 
crystals into the tube, to dry them over sulphuric acid in rarefied air till they showed 
traces of etllorescence on th(^ surface. 

From numerous ('xperiments on the sulphates of magnesium, zinc, cobalt, nickfl, 
and iron (ferrous), it appears that the results obtained with any gu.'cn salt, though 
they may diller slightly from one another at comparatively low temperatures, agree 
well at ti'inperaturcs above 30'^-3r)°. MorcoviT, the tension of the water of crystal- 
lisation is independent of tlie total aimjiint of .salt present. 'and of the space which the 
vapour has to lib, providi'd tliat the (juaiility of wat(!r Avhich can escape trom the 
suriaci* of the salt issnlheient to saturate that space with vapour under the conditions 
of tlie experiment. 

Hydrated salts begin to lose water at low tompcratiiros, tlio vapour then showing 
a small degree of elasticity ; as the temperature rises, tlie amount of water given oil 
and the elasticity of the vapour likewbic increase. Dilferent salts cxliihit, ditfereiit, 
va]M)nr-tonsions at the same tfinperatiiro. At 70^ ferrous sulphate shows the highest 
vapour-^tension, then follow in order the sulphates of cobalt, nickel, magacsiiim, and 
zinc. At toniperatnre.s above the melting poir:ts of 1he>e salts the ti iisions of their 
vapours iiicrcasi) with risi- of temperature ftister than below tlieir melting points, I'Ul 
no sudden in<*rea.se occurs at the inelling point. 

If p and r be the elasticities of the vapours of pufe watt p ami of crystalline water 
respectively, aiiibif the densities of tin se vaptnirs vary at i viny ternperaturo as the 
t hmticitics ; if also (I bo the weight of a given volume (1 eulac meter) of saluratetl 
water-vapour at the temperature /, and //.be the \veight of an equal voliimo of vapour 
from the crystals, then 



ill tlio following table ihe values of (I and g arc calculated in granns : — 



Water 

Map-no^imn 

ZiiK? 

• 

rorrnus 

' Col .nit 

Niekfl 


.'Ulpliatc 

.-nlpliat** 

.‘iulpliiite 


siilpliati' 

t 

(> 

a 

u 

U 

i .'7 

[1 

2.5 

22-7 

180 

14-5 

1.5-0 

; 17-2 

11-3 

30 

30- 1 

25-3 

19-1 

19-9 

i 22-9 

25-3 

35 

39-3 

330 

28-2 

28-1 

I « 33-2 

330 

40 

50-9 

■130 

•10-3 

*37-1 

. 130 

43-0 

15 

05-3 

51-9 

.52-4 

50-3 

1 50-7 

.57-2 

50 

H-2-9 

59-5 

50-8 

58-1 

1 Gl-4 

03-1 

55 

104-0 

8S-1 

• 801 • 

90-1 

i 93-9 

92-1 

00 

130-0 

107-5 

100-9 

114-1 

1 117-1 

115-0 

05 

162«0 

130-0 

121-7 

140-8 

1 1150 

1430 

70 

199-4 

100-0 

145-4 

175 9 

. 177-1 

1 75-3 

75 

213-7 

195-1 

(1<S00) 

222-1 

213-2 

211-0 

HO 

295-9 

229-8 

(230-3) 

207-9 

255-4 

252-2 


To calculate the amonnt.s by weight of crystallised sidt which mu.st give up its 
water in order to fill 1 cubic meter with vapour (supposing the .salt to be iromplot idy 
dehydrated), the values ofy must be multipliod by the numbers 1-1)7, 2-20, 2*22, 2-21 
and 2-24 respectively. ^ 

A. Naumann(/;c7//. Che,£.. Ges. //*r. vii. 1073-1.583) is of opinion that Wiedemann s 
conclusions, as also those of Debray (]st Hupjd. 42.5), with respect to the tension of 
tlie vapours emitted in the decomposition *of hydrated salts, are incorrect, probably 
because the observations at each particular temperature were not continueil long 
enough. 'J he main result of his own observations is that the vaponr-toision aduallg 
cxluhilcd hy a hydrated salt daring dccornposUinn at any particular temperature h not 
constant. On theoretical grounds, indeed, a hy/lrat/ d' salt of constant and uniform 
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composition throughout might ho expected to give off at any lixod tcrnpcsraturo a 
vapour of constant tension. I>raclically, however, this perfect uniformity of compo^' 
sition ill tlio salt cannot bo preserved or even atta^pcil, because the water given oil 
on heating is continually being reabsorbed by the deliydrated portions of the salt, 
wlionco arises a conlinual alteration in the condition yf the salt, and conscqj^cntly in 
tlio tension of tlio vapour givtui oif from it. 

These cliangcs in the slate of a hydrated salt under the influence of heat are well 
scon ill the case of cupric sulpliate, on account of the change* )f colour consequent 
(\tho dehydration. A crystal of tliis salt idaced in the vacuum of Hofmann’s vapour- 
(hmsity jipparatus (bs/ Sujipf. 1 I'll), and rxposoil to the temperature of boiling alcohol,* 
turns white, if of suflicient size compared with the vacuiim-spaco, on particular spots, 
%f!Specially where it touches tlic glass or the mercury, these parts being heated Sooner 
than the rest. ^\s the tension gradually increases, these white spots extend, and 
ot hers appear on pn^viously unattaeked parts of the surface. Hut even after an hour’s 
heating the tension still goes on increasing, though very slowly, whilst the white of 
tile portions first attacked, passes through dirty-white to grei nisli-white, and at tlio 
same, time the crystal is attacked to a greati;r^lo])th. Sometimes particular faces of 
the crystal remain (piite blue, and if the cxpiMMinoiit bo repeated alter previous slow 
cooling* whereby the attacked parts are restored to their blue colour -just those 
faces which liad previously remained unattaeked are the first to exhibit the wliite 
spots. Tlio ilarkening of the previously attacked portions from reabsorption of 
water, wliilo the vapoiir-tcnsion goes on incr^sing, shows that partially dehydrated 
cnp7‘i(? .sulpliate lias a lower vapour-tension than the fully liydrated salt, and that no 
<'<juilibriun]^of tension can be attained, till, by partial deliydration of still undccom- 
posed portions of the crystal ami rcab.sorption of watiT by the fiist and most com- 
jdctely dchydraled portions, tin* entire crystal has attained a uniform cornptisitioii, 
for which the .salt will require to bo kept at the same temperature for weeks or perhaps 
even for nionllis. Jf tliocrysta^ is proporiionately small, but still of a .•'ize consider- 
ably greater than is required to saturate tlie available space with winter- vapour at the 
given temperature, its wliolc s^nTace is very quickly attacked, but gradually becomes ' 
darker again as 1 In* vapoiu’-temsion increases. After an liour's lieating, the iiicrca.se 
of tlio tension becomes so slow as to lead lo*llie idea tli.at a state of equilibrium is 
about to Is! established. That this however is not tin* case might be shown by 
careful observation of 1 lu; tonsion at a tciiiperaiurc kept, constant for a considerable 
time (wliicli liowevcr would be difiiciilt), or by a sliglif; lowering of the temiieratiiro, 
ivliicli would be found to produce, not a decrease*, but after some time an increase of 
tlio vapour-tension, sliowing that at the previously exi.sting higher temperature the 
state of equilibrium had not been attained. 

^riio vapour-ten.'^iuiis att.ainod after equal limes indifferent experiments made at 
tin* .same temperature do not agree, and they arc* likewise different when the experi- 
ment is repeated witli the same quaiilily of the .'<alt. The greatest alteration of form 
and .structure takes place wlicn the water is nailworbed after cooling. On repeating 
tile experiment at the same temperature, a vapour-tension equal to that previously 
ob.served i.s tir.st atlain(*d, luit more quickly, and afterwards a liiglier tension. If the 
eooliiig be so conducted' that the. water cannot be precipitated in llio upper part of the 
vacuum, and then be lakt-n up 'again by the crystal, witli formation of niiincrous 
elevalion.s ami depressions, but may bo enclosed between the .surface of the tube ami 
tile rising incrcuiy, and thercly prevented from acting on tlio crystal, the latter 
undergoes less alteration and exhibit?? more equal vaj^onr-lensions on repeated lieating. 
Kvcii at the ordinary temperature of a room, transparent crysti^ls, well defined all 
round, and with sharp ('dges and .smooth laces, (’xhibited a lower temsion than those 
wliicli W(*rc I(*s.s well-defined or had fractiiro-surfaces. Jn certain series of expcrimout.s 
also, on cooling down from a higher to the ordinary ti'inperature, the vapour-tension 
never rctunjc<I to the lower amount exhibited ly a crystal which had never been 
rai.sod above the ordinary temperature and thereby essentially altered in structure 
ami composition (Naurnann). On the other iiand, AVledernanii \Poijp. Ann. cliii. 012) 
maintaims that cupric sulpliate belongs to that class of hydrates in whicli the influence 
of the air adhering to the crystals, and of tlic water enclosed in them, is such as to 
render it almost impossible to obtain concordant resiilt.s in any experiments made to 
di'ti’rniim^ their vapour-tension.s. • 

I’roclit a. Kraut {fAcbu/'s Annalcn^ clxxviii. 129-119) are of opinion that in tlio 
experiments of Dobray (Is/ iSV//y>/. 120 ), ; :id in those of Wiedemann and Naunuiun 
a.])ovo noticed, suflicient. attcnli«>ii has not bei ii paid to two circumstances which have 
gri;:it influence on the course of the dissociation, viz. the quantity of the salt present, 
and the magnitude of the space to bo filled ty the vapour.*^ From their own experi- 

* Acoordiiig to Wirilcniiinn, tlicso coiulitioiis liavo no influence on tlie result, provided the salt 
l>re.scut cont-aius suflicient water to saturate tUc space with vin>our (i». 1012). 
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mcnts, made with a modified form of Jlofmaim’s vapouil^donsity apparatn??, on gypsum, 
cadmium sulphate, SCdSO'.Hll'O, ferrous sulphate, ll^’oSQ-'.yiPO, ammo uio ferrous 
sulphate, (NH')-Fe(S0*)-.6ir‘0, a.m?uoiiia-alum ami potash-alum, tht‘y conclude llmt, 
al a ^iven tem[)craturo in a limited vacniim, the vapour-tension of a hydrated salt is 
a funotiyii of its quantity, inenjasinu: with the quantity, and approximating: to a limit 
wliicli would probably be reaehed.only when the quantity of the salt was infinite. If, 
on the other hand, the. temperature ami the quantity of the salt are fixeil, the attain- 
able tension 'will bo determined by the extent of the vacuous space, a small vaenutj^i 
determining a comparatively high, and a large vac.uum a comparatively low tension. 

•Silicates, such as dioptase, CnSiO^.II-O, chrysocolla, /n-SiO'.H‘(), and okenite, 
CaSi0-hSi0-.2ir-0, give off their w.ater only at temperatures which are too high to 
allow *of observations in a vacuum. These silicates, heated in a sln^aiii of dry air, 
began, for the most part, to give off their water at 11)0'’, !>ut the loss diil not in any 
case amount to 1 mol. or even to a simple fraction then'of; at 300° mote water was 
given off, but in no case was it possible to recognise distinct differences, from which it 
would be inferred that these silicates contained water iv different modes of com- 
bination. * 

The deconi[)osition of hydrates by heat has also been studied l>y .T, 11. Hannay 
(Chon. Sov. Jour. 1877, ii. 381 395) and hy W. Eanisay 395 -390). Hainiay 
has determined the loss of Aveight which various hydralcs sustain in successive equal 
intervals of time when they are heated to different lempi-raturcs in a current of air. 
Tn general a hydrate parts Avith iU w^er more or less (piiekly up to a certain point, 
after Avhicli the rale of dehydration becomes sud<lenly less ami continues uniform up 
to another definite point, and so on. These smhlen alterations in the, rat e«4'>f dehydra- 
tion point to the formation of loAver hydrates, Avhicli giA’c off their Avater less quickly, 
Tims iiiogncsiuni sulphate, ]NrgS0'.7ll"0, lost at 100’ in four minutes 8*30 p. AA'aler, 
Avheroby it Avas reduced to MgSObGll'-’O. The dehydration AAcnt on at a nearly uniform 
I'Ut sloAver rate, till about 29 or 30 p. Avat<‘r bad gonuoft’in forty-flAV minutes, leaving 
the trihydrato, ^MgSO*. 311*0. The Aveight then diminished more sloAvly till the 
dihydrate, MgISOb2H‘(7', Avas left, aftA* which it became ext remedy sIoav, till tin* 
remaining salt liael the composition MgSOMI-O. Similar results avi tc, obtained Avith 
sodium sidpfhate, rAnc sulphate, calcinni c/lloridr, and strontium ehtordte* 

llainsay lias made similar experiments on tlie amoi'phous hydrates of alumina and 
ft;iTic oxidf, fi’oni Avhieh it appears that the variation in tin; I'atr: of dehydralion of 
hydrated alumina from A1'0‘*.4.H“0 dowiiAvards is perfectly contimioiis, the curve 
Avhi(di represents it nut exhibiting any .siuldeii break at the ])'>ints eorrespondiiig Avith 
Al*0®.3Ii'0. Ab’0'*.2H'‘'(.), and Ab’OMl-O. The .same a].sois the ease with the hydrates 
of ferric oxi'le, Avith the exception of Fe-OMT-O, at which there is a sudden break of 
continuity in tlie rate of dehydration. He.neo Ramsay infers that, if there are really 
four or five definito hydrates of alumina or ferric oxide, their vapour-tensions must 
differ but very slightly one from the otlior; and ho regards it as probable eilher that 
the hydrates Al'dib tll-'O, .Vl"0^31l-0, l'c‘0’.3ir*0, &c. do not exist as definite com- 
pounds (except Fe"O^.Ii-’t)), or else that there arc a great number of hytirates nf 
alumina and of ferric oxide?, Avliose vaponr-tcn.sior.H differ from one anotlnrr but very 
slightly, so that the smallest rise or fall of temporal ure is suffiment to coriA’crt a higln-r 
into a loAver hydrate, and the contrary. LeAid oxhU', on the other hand, forms tAvo 
definite hydrates, 3Pb0.1P() and 2Pb0.1T*0. 

The vapour-tensions occurring it?, the dissociation of sails containing water f)f 
crystallisation liave been iiiA’estigated by. A. fl. Fan-aii (Ann. Phys. CJuni. ("21, i. 
30 G3) in the case fcf SrCP-f Gll-O, CmSO* V 5H=0, lJ*(.SO«'F i 311*0, and DaOl-^-f 2H*( ). 
Jn the inA'cstigations relating to this subject described in the preceding pages and in 
\.J Suipl. 425, tlie .state of decomposition fif a compound was modified by the intru- 
d.uction of different quantities f>f tin? substance into a vacuum. Faroau, on the oth(;r 
liand, examines the tension of dissociation by introducing into the vacuum a constant 
quantity of a crystalline powder in difF-reio states of dehydration. For tiiis purpose 
tlic vapour is pumped out by a method siijiilar to that Avhich Avas applied to the 
carbon dioxiile in Dcljray’s expej irnenlM on eah-spar {\st Suppl. 125). Up to fi0°, the 
mode of variation of the tensions of sall.s couraining wate r of crystallisation i.s thosa?no 
as that for pure water, the curves aU riinniiiir parallel to RognaulFs tension-curA'o for 
!irpn f>us vapour. 3Ioreove|;, tlio tension of dissociation is not a function of the st ate of 
decorny>osition of the salt. It is true that AA'hcn tlie water is gradually withdrawn 
from till: .salt, the tension alters at a certaiti temperature, but this alti-ration is sudden. 
It is possible, therefore, tliat the salts in\'e.sligated may exist in different states of 
equilibrium with their water of crystallisation. The results of tliese experiments are 

♦ T;;f: idipn- : al i.-.v; iv r< rrc l to contain nurieron-^ talilr?. .iml dingrams of curves, showing Uic rates 
of Iccoiniioaition of the .roveriil salts at dilTercnt teiiitwr.it urts. 
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ut variance witli Pfaiindlor’s hoory, and witli the inathoniatical dcvchjpniont.s of 
ilurslrnann (p. 1009). I'inail^j, I’arcau dr.aws attention to tli(5 followin'^ laols : Th'‘ • 
curves deduced from Ills ohservations follow one anotlier according to the number ot^ 
molcculi^s of crystallisation-water, whereas WiedeiAann’s curves, wdiich all rehito to 
salts with 7HH), cut one another aiul lie close together. The tensions of strontium 
cliloridc and uranium sulphate agree together when Ifoth salts contain only*!.^ mol. 
W'atcjr ; ami tln^so of copper sulphate and uranium 'suljihatc airrcc wdicn br)th sails 
contain mol. w'atcr. These results might find their expla*i;itii"n in tlie somewdiat 
l^d hypothesis that the dissociation-tensions of salts coiilainiiig water of cry.stallisa- 
lion depend only on the temporaturo Jiiulon the number of molecules of crystallisation , 
water, and are independent of the nature of the salt. 

% Dvcomposiiion of Crystallised Potash-alum. — A. Naum aim {Dent. Chem. 
6V.S'. Per. X. 4r)f)),finds that tliis salt, when lieated to 100° in a sealed lube, gradually 
(b'cnitiposcs after fusion, its -water of crystallisation being separated, and a solid body 
being deposited, probably consisting of the anhydrous alum; and at the sume time 
there is formed in the liquid, with the aid of the water set free, a basic compound of 
alumina, potash, sulphuric acid, and water, aAalogous to that which, according to 
former observations of Naumann, is produced in aqueous solutions of alum licaled to 
100° (seo p. 06 of this Supplement). The decomposition of alum in closed vessels 
takes place also to a small amount even at 78°, at whicli temperature the crystalli.sed 
alum still retains its form, but not at 3-1°. 

(hi the Dissociation of Chromr-alitm in AipiBous Solution, si^e p. 68. 

Decomposition of Ammoniacal Salts in Aqueous Solution at low Donperaturcs. - 
A. K. JiCeoH (jS’iV/. Am. J. |3J, vii. 107) has examined the circum dances of lliesi- 
decompositions, by observing the reaction of the vapour emitted from the solution 
at various temperatures, mostly between ‘l 7° and 20 Tin; reag» nt employcl was 
ali/ariii-paper, whic-h, in contact with an alkali or -wdth a solution in whicli an alkaline 
reaction is dcvclopc<l, irnmcdialely changes from yellow to red. The following are 
the results: — • * . • 


Salts 

in 

• 

Jteiiotion of LiqiiM 

'I’«‘inp.ru- 

turo 

Ki-iiction ef Viiiwur 

j Ammonium Chloride . 

lO-OO j 

slightly acid 

37" 

si rongly alkaline 


;V3() ! 

»> 

38*5 

alkaline 


2*65 ! 

»> 

39-3 

sliglitly alkaline 


1-325 i 


39-2 

Ammonium Sulphate . 

45-62 j 

acid 

50-5 i 

nlkalim; 

22-81 1 


51 

slightly alkaline 


u-io j 


50-5 

Ammonium Oxalate | 

sat urated; 
at 75° 1 

strongly alkaline I 

- 1 

strongly alkaline 

Ammonium Acetate | 

sat uratedi 

at 17^^ 

1 • ’ 

acid 

j 55 

alkaline 


The point of sensible dissociation doubtless depends on the circumstances of the 
expr-riment, and on the delicacy of* the apparatus and reagents cmploj^ed. Tlie 
temperatures above given must therefore bo regarded, not as abs diitc, but as relative 
aud valuable only as indicative of tho comparative dissoc lability of these salts in 
aqueous solution. 

Decomposition of Calcium Chloride in Aqueous Solution. — A boiling solution of 
this salt begins to give off hydrochloric acid, as indicated by tho acid reaction of the 
condensed vapours, when its boiling point rises to 118°, indicating a degree of con* 
centratioii corrissponding with the formula, C;\Cr*+ llTO. When I lie solution is 
di.stilled in a retort, the acid reaction does not show itself till the boiling point rises 
to 160°, evidently because the portions of hytlrochlorie acitl first given oft' dissolve 
in the W'ater which condensi'S on tlie upper part of tlie retort, and aro carried back 
with it into tho liquid (I)ibbiis, Archives necrtanVaiscs, viH. 295). 

llAniANT JIhat. 

Diathermancy. 1. Of Hoc k Salt. From experiments by IT. Jhiff (Poyy. 
Ann. clviii. 177-213), it appears that rock .sjilt absorbs a considerable portion of the 
heat which falls upon it. 'I'lio complete dialliermuncy attributed to it by ^lelloni is 
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only apparent, tlio fact bein" that rock salt absoris only tlio heat rays that arc 
!ib.sorbed by atmospheric air. Now in Melloni’s e^poriments tlio heat which fell 
upon the rock salt had already traversed a stratum of air, so that it no longer con- 
tained any rays that could be absorbed by the salt. Hoc also J. II. llarrison (iV«Y. 
Marj. [5], iii, 124). 

2. f)f Metals and Paper!- Aymoniiet {Compt. rend. Ixxxiv. 2tVJ) concludes from 
experiments on the diathermancy of these bodies, viewed in connection with llio 
observations of Whnlemann a. rranz(v. 71) on the rapidity with w’hicli tlio cquilibriiyu 
of temperature is restored in bars: (1). That metals and paper are not atliermain^iis. 
(2). That they are more dialhemiaiious for the dark li(‘at-r:ivs eiiiiltt'd frum metallic 
l.'odics brlow 100'' than for liirninons heat-rays, or those which are emil ted just Ixdow 
ivdii*ss. (3). That their absorbing power is less than that of water. (4). 'J’liat i- 
is possible to discover a- mathematical relation between the absorbing power of a bcxly 
and its conducting power. 

On. the RefleclioH of Heat from Mctah, sec Knoblauch (Ann. PhpA. Cheni. [2|, 
i. 1-13). 


3. Of Vapour.s. 

The absorbing powers of the following vapours for heat from 

different sonrct's hav 

; been investigated by 0. L. 

Abvirn- Ileatcil f’oppcr 

lloorwcg (Pogg. Ann. civ. 383 102). 

Ab.’5i»rp- Al'sorp- 

Leslie’s Cute 

tioii 

coated with J.anip-blaclc 

tioii Jha Hrick 

lion 

Water- vapour . 

1'7 

i Water- va[M)ur 

2 Wati'r-vapoiir . 

2-3 

Carbon Di.sulpliide . 

2T 

! Carl.ion fjii.sulphide . 

3 (^irboii Disulphide . 

™ 

Alcohol . 

17 

1 Kthyl Sulphide 

10‘7 i Alcohol . 

2t) 

-Motliyl Alcohol 

IS 

i Alcoliol . 

21 j Kthyl Sulphide 

27-3 

Kthyl Sul phi* le 

18 

! :\Ielliyl Alcohol . 

23 : Kthyl Formate 

280 

Kthyl Formate 

22 1 

j Kthyl Forinalo 

23 2 ! Klhvl Acetate . 

32() 

Kthyl vicL’tato . 

Total (emitted) . 

20-3 

1 Kthyl Acetate 

27 ! Mc'tljyl Alcohol 

37 

lUO 

Tot.'d (emitted) . 

lOli 1 Total (('mitteil) . 

lOU 


Tloorweg’s experiimfrits likewise i^iow that in vapours — as long known witli 
respect, to solids and liquids — each .successive stratum transmits a larger proportion 
of rays than tlie preceding. * 


fnjfio nrc of L< ngth of the Ascending Air-cnrrad. 

A.ir-eoIinmi <»f: 

Ut’liJll. (vO cliMI. 10(1 (‘|i|ll. 

Water-vapour . .... imperceptible 1*0 2 

Alcohol 17 21 

The disagreement latweeii tile results of 'ryiidall and of Magnus with reganl to 
the absorption of heat-rays by moist air is attribute* I by Jloorweg to tlie fact that 
Tyndall overo.stimatcil the amount of absorption, in oonseq^ueneo of neglecting <»r 
underestimating that which was duo to the vap«)iir condensed on the glass })latc.s with 
W'hich his tube was <'losed, while Magnus, on the contrary, underest i mated it in con- 
sequence of u.sing too slioi't a tube. 

According to 11. Bnii' (Pogg. Ann. clviii. 177) tin? •liatheriiHincy of hydrogen gas 
is very nearly equal to that of a vacuum. Dry aiw absorbs from 30 to (10 ])er cent,. 
of the lieat-rays, which penetrate it from a source of heat raised to the I'oiliug point 
of water. The absorptive pow'cr of moist air e.xcceds that of dry air by several 
units per cent., but not nearly to the txtent maititairied !)y soimf ]>liysicists. 

4. Absorptive power rf Elcmeyitarg Bodies in Ridittion. Frf)m observal ious on the' 
absorption of heaf-rays l>y solutions, Aymonnet infers (Compt. rend. Ixxxiii. 97) that 
the heat-absorbing power of all the elementary bodies referred to their atomic we'iglils 
is the same, provided (1) tliat they are dis.solvfc«l in tlie same liquid; (2) that they 
are constituents of bodies of analogous chemical con.stitution. 

5. hijluencc of Temperature on Absorptive Power . — According to Aymonnet (6b////)/. 
raid. Jxxxii. 133), reduction of temperature diiijinislie.s the diatJiennaney of Hint glass, 
but increa.scs that of a .solution of iodine in ehloroforrii. 

6. Distribution of Heat in the Speetrum of the Klrctric Z////*/.— By experiment. s 
with a battery of 50-100 largo Buiyjen’s elements, Desains finds that wlu-n the rays 
of tlie electric lamp are pa.^sed through a column of water 3 to 4 cm. long, the heat- 
irilensity of the dark part of the spectrum is considerably diminished, while the heat 
of the luminous part reraaiiLS nearly unaTtered, {imoiinting, as in the .solar .spectrum 
(1.?/ Suppl. 089), to about a third of the total quantity in the .spectrum. The electric 
Bpectrum in fact agrees nearly with the solar .spectrum in all re.spi'ct.s, excepting that 
it is .somewhat le.ss extended, espctially towards the violet end (Compt. rend. Ixxxiv. 
283). 
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1. Xn Solids, holhcrmd surfaces in Crystals 73). -Sciiarmout’s inctliMil of 
(Iclcrininiii^ Hid isoLlicrmal siirlacos of crystals, which consists in coating; a thin slictj 
of I lie crystal with wax, hcaliuji: the surfaco strongly’at ono point, and incasiirinj^ Ihu 
ellipsu fornu’d round this point i>y the nicltinf^ wnx [Ann. Chun. Plujs. [3], xxi. 137), 
has been inoiliticil by W. (J. Kbntf^cn (PoffH- cli. f>03) as folhiws: A ■svcll-clcancd 
l^.nte ()1 l.lio crystal, C.7. a plato of rpiarlz cut parallel to tlic axis, is In'calhcd u})on 
ratlicr slron^^Iy in such a niannortliat tlic moistnro may cover it in a thin unilorm lihn, 
not in drops, ff now a [lointcd jnctal rod stroni^Iy lieated in a Hamu bo set. perpen- 
ilictdarly on ilic cciilro of (be plate, tlie iilrn of moist uro will evaporate round the 
point in a woll-dedned (dlipse. The cxporinient may be interrupted wluui the fu^iirf 
lias attained a.ny desired dimensions, and the figure fixed bycpuckly st rewing lycopodium 
on I be surface^ a.nd tajjpiiig cautiously on the plate sons to make t he lycopoduiin st ick 
only on those parts from which tlie luoisturo lias in)t been evaporated. Tlie elliptic, 
figure thus left is so sharply defined that its lirnensions may Ijc mea.sured with great 
exactness. Ill two s(juare- [dates of ipiarlz cut parallel to tlie axis, the ratio of the 
elli[>tic axes was found liy tliis nu tliod to vary between the numbers 1“271 nnd 1'323. 

Tape Jdtys. Clnm. |2|, i. 1 2(5- 1 17) has examined, by a mollification of 

Seiiarmont's method, the form of llio isothermal surfaces in triclinic cupric sulphato. 
'i'lu^ mean values of the axes of the isothermal .Mirfacc. regarded as an cllipsiail, were 
.‘’oimd to be a \ h c : O'SfiO \ \ \ a laung coiiH-idcnt witli Iho crystal lograiiliii; 

av's A, anj} tlie other two being situated in the plane of the two crystallographic 
axec li and 0, and forming with tlnan the angle 10 ' 27', tlio a.\is 3 lying between 
+ n and (\ 

According to Janneltaz (Cb/ny/f. rend. Ixxv. 1301) l.bo axis of greatest heat-coii- 
iluction in uniaxial crystals is parallel to the direction of easiest cleavage; if the 
ciystal (fxhibits sevTal din.-ctiuns of cleavage, tlio axis of easiest conduction is 
[larallel to the direction of t ’a- greater of the two ]ir()it‘etions, one parallel and tho 
other [H.'r[»cndicular to tlio. principal axis. 

I'or tourmaline, apatite, and [lyromorpkitc, this rule is undecided, on account of 
tlie indistinctness of their eleavage; calcs[)ar and emcrabl form exceptions to it ; ami 
these two minerals furl her slow the peculiarity of contraeliug when healed, the ono 
in tho direction iiuniial to the axis, the other parallel to it. d’he rule applies also to 
biaxial crystals, in which in fact It was first noticed by Jamiottaz. 

Jm rocks, (.(/. granite, gneiss, talc-slati‘, mica-slate, ami serpentine, h(‘at is I'on- 
ducti'ii with the greate>t faeility along those surfaces, planes, and lines between 
uliicli there is the smallest junoiint of cohesion (Janiiettnz, Compf. rend. Ixxviii. 1202; 
Jahrr.dj. f. Chen. hS7-l, 73). 

.In Soils. A. v. 1/itliw (ir/Vy/. Akad. Ber. [2 Abth.|, Ixxi. Ot)-lol)has com- 
pared the hcat-ei inductivities of dilfercnt soils by placing the Imlbs of thi rniinneters 
at distances of fi, 12, 12 and 21 cm. from a somvo of boat, in a caoutchouc eylimler 
filled with the soil. Jn the case of dry soils the readings were taken at intervals of 
ten minutes; wdth wet ones every hour. Tho results olitaini'd were (1). Tlie 
nieelianical conditiiui of the soil exerts tin; greatest influence on its conducting power : 
the finer tin; state of division tlio le.s.s licing the conductivity of tho soil. .Presence 
nf organic matter co 11 si d«M'ably lessens (ho conducting power. (2). 'File jn trograpliical 
ami chemical composition of tiie^soil is of small importance cumpared with its 
mecliauical condiliuii, but, lime and magnesia .seem to lower tho I'ondnct i vity. (3). All 
kinds of soil conduct, lie.it better M'hen wot than when dry, since i!u' .dr in their pores 
is replaced by the better comluctor — water. (4). The coiiductiug [lower of wet soil 
is greater than that <if water, from wliieh it follows (3) that the materials which 
form the soil are in themselves better voiuluctors than wati r. (0). The conducting 
power of dry soils Tn s between that of "water and that of air, while tho I'omlucting 
power of wet .soils is greator than that of water; so tliat the comliictivity of water is 
hot ween (lio two. 

Ill IMetals. From tlie expurimeiits of Deeharrne ((b/y/yiZ. raid. Ixxxii. 731, 813), 
the rale ;it wliieh heat I ravel. s along a bar of iron i.s, at any point, inversely pro[ior- 
tional to the square of the disl.aiict! of that pofht. from the source of heat. According 
to Naeeari a. liellal i ( 1 3], i. 72, 107), tlie heal -conductivity of iron is not 
atlected by maguetisaliou. v 

Accordiug to Ilmuvig (T'or///. Ann. eii. 177) the he;d -conductivity of mercury 
belAvceii tlio tenqieratures of 4(i° ami IGO*^ is perfectly constant. 

In Mboniti*. J. Stefan IfVien. Akad. Ber. [2 Abtli.], Ixxiv. 438-462), from 
experiinciits on tho heat-conductivity of ebonite, has calculated tho quotient k obtained 
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by dividing this magnitude hy the specific heat roforijed to the unit of volume, one 
series of experiments giving A* -- 0*00928, and another series ^ ^ 0*00038, these iiuiuhers 
iiaving reference to the coni inietej.’ as the unit of longtli, and tlie second as the unit of 
time. Oil the magnitude k depends tlio rapidity with which differences of teiiiperaturo 
ill the interior of a body become equalised, and therefore also the rapidity with which 
a bodyncouls down when exp'osoii to a uniform temperature all round, as when 
it is immersed in ice. As this property of bodies is seldom noticed, Stefan has 
given the values of it for several subshxnces, in order to show the place of ebonit ,*» 
among them *. 


Hydrogen gas 
^ (.Jopper 

Ail* . 

Iron . 

Ice 

(ilass . 

A\'atci’ 

Ebonite 


0*81 
0*20 
0*18 
0*011 
0*1)031 
0-00 If) 
000003 




J'rom A', the heat-conducting power K is calculated by the formnla K—kc/t, in wliich 
c is the specific heat and .s llie specific gravity of the body, for ebonite, Stefan found 
e-0-23, 5 = 1*2‘2 ; therefore cn - 0*2800^. and ^^-0 00020. According to tlicir heat- 
conducting powers, Ihcrefoi'u, the eight bodies abovo mentioned rangu thcnisi*lves in 
the following order : • 


Copper K = 1 

Iron 0*17 

Ico ^ . . O OdfiT 

Glass 0*0010 

^Vatur ‘ . . . 000 Id 

Hydrogen gas 0*00030 

Ebonite » . . . . 0*00020 

Air .... 0*000055 


(hi the conducting powers of different kinds of glass for heat and for electricity, 
see Elkctuicity (p. 722). 

Heat-conduction in Ziiquids. The order of conductivity of a few liquids for 
heat and electricity, wa.s determined in 1808 by Paalzow (Poi/f/. Ann. cxxxiv. 013) 
M'ith the results shown in the following table, the best conductors in each column 
being placed first : 


Conducting power for : 


Heat. 

iVIercury. 

Wat er. 

Cupric Sulphate (cone.) 
Sulphuric acid (sp. gr. 1*25). 
/.inc Sulphate (cone.) 

Sodium Chlorid^ (cone.) 


Electricity. 

Mcrcqry. 

Sulpliuric acid (sp. gr. 1*25). 
Sodium Chloride 
/yic Sulphate 
Cupric Sulphate 
Water. 


cone, solution. 


Exijcriincnts on the relative hcat-conductivitic.s of a considerable number of 
li-juiils were made about the same time by E. (lutlirie, fnmi which ho concluded that 
«jf all known liquids (exccqit mercury) water is the be.st conductor of heat, and certain 
< till rs, c.g. ethyleno bromide, amyl iodide, and ethyl iodiilo the worst (see 1st Suppl. 
092) 

A 1 . solute values of the heat-conducting powers of water and a few other liquids 
have been obtained by Lundquist (Po</< 7 . cliii. 481), whose results confirm tlio 

.St I'f ment of I’aalzow that the conducting powers of liquids for heat and fdoctricity jir(r 
not pro])ortional to one another, and that Iho conducting power of liquids for la-at 
vari(!s much If-ss than their conducting powers for (doctricity. 

Tlio following table exhibits the lieat-conductivit.io.s of certain liquids referred to 
the centimeter and second as units of length and time, calculated hy A. Wiiikclmanii 
C/ 0 ^/ 7 . y4a?j. eliii. -181-198) from ob.servations on tlie rate »jf pooling of tlio litjuids 
eiicio^ed in cylindrical ve.s.scl.s. The specific gravities and si'oeific heats are also given : 
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Water. ... 

ITeat- 

confluctivity 

Spec. 

pr-ivity 

Spec. 

heat 

. 0*001540 

1 

1 

Sodium Chloride solution, 33*33 per ceul. 

. U002676 

1*187 

0*773 

Potassium Chloride .solution, 20 per cent. 

. 0*001912 

1110 

0*808 

Alcohol 

. 0*0pi500 

0*795 

o*opo 

(.^irboi) Disulphide .... 

. 0*002003 

1*208 

0*250 

Glycerin 

. 0*000748 

1*220 

0*612 


^ According to K. SjicIkt (Dinf/l. poL ,]. ccxxiv. 343) tlie conduction of heat in 
licjuids whose density (h^ercases from below upwards takes place very slowly in the, 
downward direction. Tlio cxporiinonts were made by cartjfully pouring live layers of 
%dcoliol, sp. gr. 0 U8 to 0*82, one upon the other. The same result was obbiinod by 
cooling exporimeiiLs. 

Heat-conduction in Gases. The following values arc given by A. Winkcl- 


mann {Toyg. Ann. cl vii. 497 555 and clix. 177-191) : 

Experiment 

Tlu’jiry 

J 

Air . 

. 1 

Carbon Dioxide ...... 

. 0*00 

0*80 

KlhyleiK). ....... 

. 0*79 

1*13 

M(?thano . 

. 1*23 

1*70 

Nitrogen Dioxide ...... 

. 0*88 

0*90 

Nitrogen Monoxide . . . • 

. 0*09 

0*91 

Also the proportions (jf the heat-conductivity of hydrog 
ga.scs (each 'taken as unity) at 7*0" : 

en to those of the following 

Water- vapour 


8*88 

Alcohol- vapour 


11*07 

CJS'*’- vapour 


1808 

Ammonia . . • 


C*93 

Kther- vapour . ■ • . • . ^ . 

. • . 

11*22 


Tho alteration of conducting power with the temperature is expressed by the ratio of 
the heat-condnclivity of a gas at t ' to that at 0^, namely, by (1 4-77) : 1. The ob- 
servations gavi! tlic following values of the tempcraturc-co('lTiei(‘nts 7. on the assiimp- 
(ioii of a constunt siifidlic heat for mercury, or 7, on the supposition that the speeilic 
heat of nu-rcury decreases with rise of temperature. The coclficienls 7 correspond 
with the value 0*00277, which was found for air and hydrogen : 


Ethylene .... 

y 

0*000110 

0*005751 

Nitrogen Monoxide . 

4468 

1 1 49 

AVa ter- vapour 

4712 

4388 

Alcohol-vapour 

0517 

0117 

('S'*- vapour .... 

6078 

6717 

Ammonia .... 

5475 

5128 

Elher-vapour . 

7400 

7012 

Carbon Dioxdde 

5300 

4970 


On the Mechanical Theory of Heat, sec Tiikumodyn-^mics. 

HSBROHXTE. This name is proposed \fy r. Kobcll {J.pr. Chcni. [2], vii. 45), 
iiislead of Montchra.sHe, fur the hydrated aluminium tluophospliah' (jccurring at 
.MonteI>ras (Clri iise), and at JIel>roii in the State of Maine (U. S.) {2ml iSuppl. 972). 
A specimen of hebronite from Auburn in Maine gave by analysis : 

lii Na K IPO Sp. t?r. 

49-()0 37*00 3-44 0*79 /)-60 4*50 = 100*23 3*06 

KEXiECOHEA. On tlu! microscopic appearances and bdiaviour with rcagoads 
of thu fibres of Hclecodea or Jjillhcryia Lcopotilii, and certain otJier plants of tho 
Bromelia.eeoiis order, see p. 340 of this , Supplement. 

HEXiEXffXlir. This substance, obtained ^from tho root of elecampane {Inula 
Ilellrnium), and hitherto regarded, on the aiilhority of (jerhanlt, as a ilistinct bitter 
prineiple, C*'ll'-”0^ (iil. 13S), appears from the experiments of J. Kaller {Dent. Chem. 
ties. Her. vi. 1506) to be a mixture «»f twfl different siibstajiccs. In fact, when helcnin 
(m. p. 72”), prepared accord iiig to (icrhardt's directions, is heated to 50” or 00° in a 
current of air, a body melting at 04° su])Iiiiu*.s Ji»d the melting point of the residue 
rises above 72°; the former of lh(?so substances (inula-camplior) likewise passes over 
'.vhen (lorhardt’s lielenin is distilled with water. 
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To oLtain pure belonin, tho root is exhausted with iiot aicoliol, and the ncodlo- 
sliaped crystals thereby obtained, which at first melt at 72°, arc repeatedly eryvStalli sod 

their melting point rises to 109°- 110®. ITelenin tlms purified Ibrms colourless 
inodorous needles, liiiying a fain! taste, nearly insoluble in W'ater, easily soluble in 
alcohol, and having a composition represented by the empirical formula C'‘ll**0. All 
attemps to detcriiiiiie the moAecular formula by tho preparation of hroiiio-, nitro- 
derivatives, Szc., were unsuccessful. 

Tnula-caniplii,r, the second constituent of crude lieleniu, remaius in the alcolud'e 
mol lier-liqiiors, and is difficult to obtain ill the pure slate. A preparation not quite 
pure gave, on distillation with phosphorus peiitasulphidc, a hytlrocarbon ((lerhardt’s 
hrlinene) Iiaving tlie fonnula of cymerie, Iniila-camjdior, prohahly C'"Jl'®(), 

may ^>e obtained pure, though only in small quantity, hy distilling elccampaiie-roo,. 
with water, as aboA'o mentionetl ; when thus prepared, it forms /insiiiatie needles 
having an odour like that of peppermint, and a hiirning aromatic taste. 

HSUAZrTKUS. The chemical composition of the siinflow'or (Fl’lianthus 
annnus) Jias been examinctl by (>. 0. Wittstein {Arch. Vhai'ui. viii. 289). Tlie 
lilant deprived « if its seed loses on drying 72‘2.) per cent, water; tlie dry residue 
yields 1*9 per cent, ash ; the air-dried seed 4*1 7'> pci* cent. ash. DitYerent sorts of the 
seed contain from 41 to 90 per cent, liiisk, and 40 to oO per cent, kernel ; tho kernels 
yieltl, by extraction, from -10 to per cent, of a fatlj oil. The asli of the plant and 
of its seed liavo the following compo.sition : a. Plant ; h. Seed. 

K Ka Xa-0 fiiO JteO Al'-'O' Fo'O^* (’1 I’"0* CO*’ 

a. 3-G8 1 09 44*01 — 9*8o /i*29 9*28 0*17 o*0() 1*34 0*97 0*09 21*03 = lOO 

— 1*40 14*18 4*71 G‘81 10*00 0*23 1*43 2 1G 2*09 31 S;3 10*81 13*07 100 

The involucre of the snntlower (grown in Algeria) contains, according to M. 
Cliardon (P//or/w. t/. 'J'rainf. [3], iv. 322), a transpareiil, <*olourless, resinous mass 

siiicdling like the re.sin of Pi/tus nmriiiuKt, snluldf in alcohol, and drying up, when 

expensed to the ai” in lliin laVi rs, to a hard brittle mass. TJiis substaina; does not 
rediiee Pcliliiig's solution at tlio boiling heat; wlnni slowly heated, it gives utY a 
volatile oil, and leaves a residue resembling colophony. 

HElMCXAXiBUMXUr. 8cc Pkutkids. 

HEMCXPXXriC ACXD, C'dr*XOClP)*XCO'll)-, Bimcihijl^phthalic add. 

»Sc0 X A KCOTl>'K-l)KIi I VATlVlvS. 

HEmXPROTEXK. Sec Puotfjds. 

HENWOODITE. A mineral occurring in blue or bliil-li -green radiate spln.'rnles 
on the pyroliisite of the We^t Jdirenix Aline, Cornwall. Streak wliite, with a bluish- 
green tinge. Sp. gr. 2 07. Composition : 

.■\ru* F’O" ,SiO" C;iO CiiO t'VO' 11*0 Lo.ss 

18*24 48*94 1*37 0*34 7'1() 2*74 17*10 3*97 - lOO 

(J. IT. Collin.s, Jdhrh.f, Min. 1870, 411). 

KEPTAXfE, CTP«. Sec P.vu.mmxs. 

KEPTXC AGXB, C*'IP-0‘ - 3C'1I"'0M1'‘0 (Donian/ay, OmpL nnd. Ixxxvi. 
1133). An acid, formed, togetlier with metliyl-isobntylglycerie acid, C**!!'"!.)* 
(>MP(ClI’*)(C'JI’'jO', and otlim* proiluets, l^y the fietion of aic»>holie jiotasli on cthylie 
bromisobntylacetoacelate, C'»JI‘U;rO=‘ ClIMX).CI5i(C«ir').CO(JC-ll*^* : 

C'^lP'PrO* -1- 21P0 = C’lPO 4 lITlp 4- CO- 4 IP 4- (PII'®(P 

lleiitio ncifl. 

C''‘JP'J5rO’’ 4 II- 4- 2II’0 : C-IPO o JllJr 4- C'‘II'«0'. 

.Mf‘lliyl-i.so1)iityl. 
irlyciTiu acid. 

'i'o prepare these componmls, isobutylaeetylacetic ctlier, mixerl witli its own w'cighr. 
(jf ice, is treated witli .successive small pf>rtion.s of bromine, care hiung taken that tin; 
ti-mperatiire does not rise above --3°. Wlijii all tlie bromine lias been adiled, the 
liquid is aliowc'l to get warm, and soon becomes eohiurloss ; it is then poured in small 
portions into e.xeess of strong alcoholic potash. From tlio liquid free from alcoliol, 
hydrocliloric acid separates an oil xvliich, ivlieii ))iirifled and fraetionally dislilled, 
yields isocaproic (isobutylacetic) acid (.see 1 Ik\'«hc acid), whilst isohutylmetjiylglycerie. 
acid remains in tlie flask in tho form of a mobile liquid, changed for the most part by 
bealii.g into gummy anliydridei?, a small portion, however, distilling with the aqueous 
\*ajiour‘. 
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IToptic, oxylioptic, and glycol'ic acids may bo oxtractcjd by other from the water fcorn 
■which the preceding acids have Ijeeii distilled, and are separated by crystallisation 
from water and cliloroform, in which hcptic acid alone is soluble. Ifcptic acid forms * 
flat needles, having a satiny lustre, and melting at l.il° to a colourless liquid, which 
boils and decomposes at a higher temperaturo. It is slightly soluble in cold water, 
colours ferric chloride pale brown, and decomposes ca^’honates only on heating. Its 
composition is represented by the formula 30^11‘®0'^ + II'''0,and that of its barium salt 
by C“‘lP"J3aO^; it would seem, thorolbro, that the acid shouhl have I ho formula 
d^lIP‘-0^ Closer examination shows, however, that it is only in its less energetic 
reactions that the triple molecule forms a single group, whilst bromine, phosphorus 
peiitachloridc, &c. break up this group. 

^ Tho study of oxy heptic aci d, confirms this view of the composition of 

noptic acid. This body is easily formed by the action of alcoholic potash on 
ctliylic dibromisobutylmethylglycerate. After crystallisation from boiling water, it 
forms pearly scales, melting at 185°, and having tho composition ;3CM1*®0M1‘0. 
Pentachloridc of phosphorus converts it into a cliloridc, C'lPOCl-, ludliiig, with 
decomposition, at 21°. Ammonia converts this chloride into the corresponding .'imide, 
melting and decomposing at 251°. Alcohol convijrts the cldoride into the eth(*r 
O’JP'O-.OCTP, boiling at 129° 130°, under a pressure of 10 c.m, ; at 230°-210°, with 
decomposition, under ordinary pressure. If ammonia be juldcd to tho solution of the 
chloride in a large quantity of alcohol, another amide, C'JT'O'.Nll", is obtained on 
evaporation, in sleiidt-r needles melting at 87°. 

BEPTXXVE, CMP“-Cir*.Cir-.Cll\Cir“.Cn“.C“CIT (also, but incorrectly, named 
ITcptylidcnr^imX (Kmnihxjlhknc^ A hydrocarbon, homologous witli acetylene or 
(jthiiie, C-H-; discovered by Limprieht, Avho oblaiiif'd it by the action of sodium on 
monochlorlieptyleno, CMI''‘C1, and, together with ln‘ptyleno, by the action of sodium 
etliylfito or alcoholic potash on hoptylcno chloride, CnP‘Cl' (lii. MS); ai'terwards 
more fully exaniiiu'd by Ilubieai S?(j)pl. G96). llrnylants (2»<r. viii. 40(5) prepares 
it by the action of })otassium hydroxide (»n the chloride or bromide, C^IPK.M''^ or 
C^JP^Pr", oblaini'd by treating <uiiaijthaldehy<\p witli PCP or I^Ilrb ’It boils at 100°- 
110°, and reacts with ammoniacal co|)pcr aiul silver solutions like at.*etylene. 

Wlien the bromide CMP 'Ur- is nsfd for tU^ prepai’ation, a hro//i/iepft/leii(’, CMP" Ur, 
is obtained as a bye-product, in tin? form of a colourless pungent liquid boiling at 1(55°. 

HEPTOXC ACZDSf CMP'O- - (>lP®.COOII. Tho properties of normal 
hcptoic or (cnanthylic acid, CH*.(CH-)^COOI1, prepared by oxidation of 
mnanthol with nitric or chromic acid, and by oxidation of normal Iieptyl alcohol from 
licptane, have been descri])ctl liy (Irinishaw a. Hcthorlemmer {2)id Suppi. St'A)), Tho 
same aeid has been more rccenlly studied by Mchlis {I.khijfs Annahn, clxxxv. 358- 
3/2), w'lio prepares it by oxidising nmanthal with nitric acid, and by lae'oeii a.-lanecek 
clxxxvii. 120 -152), wdio obtain it by saponification of the cyanide CIP^CN", 
prepared from normal liexyl alcohi4. 

Ammonium hptoate is easily soluble in water, alctdiol, and ether, and noii-crys- 
tallino. Tho nmnnal pofnsshnn salt, C'1P"K()-, was obtained by Mohlis as a white 
silky iion-crystalliiio mass; l)y Orimshaw a. IScliorb ninier as a transparent jelly. 
Tho mlium sail, CMP"NaO-, sojiarates in needles or as a jelly, according to tin* raie 
of cooling (G. and iS.) The cine, had, and copper salts Iiave been already described 

{^bid i^appl. 879)- 

The following derivatives of normal heptoic-dr cenanthylic acid are also d<‘scribed 
by Melilis {loc. (vV.) 

(KnanthoniiriK or Hrxyl Cyanide, CMP"N = C'dP^.CN', is fovmeil, together with 
oMia 111 hamido, by heating mnarithylic acid with potassium tliiocyaiiate (Lcits’s reac- 
tion) : 

CM]“()2 + CMIS - CMP^N + CO= + TPS, 
and CMI'‘0'-' + CNllS CMl'^NO i- C.SO. 

Other reactions, however, go on at the same time, by which the yield of these products 
is greatly reduced. 

(Knauthonitril is a clear, colourle.ss, neutral liquid, insoluble in -water lait soluble 
in alcohol and ether. It boils at 175" 178°. t^p. gr. =()-895 at 22°. It is decom- 
posed by boiling with potash, yielding potassium ocnanthylate and ammonia. It 
quickly alters when exposed to the air. * 

(kMantJtamide, CMP-'NO - C’ll'^O.NU-', is formed simultaneously with the nitril ; 
also by the action of ammonia on mnaiitliylic ardiydride. AVheii pure, it is easily 
soluble in water, alcohol, and ether. It crystallises from water in iridescent laminae 
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and from alcohol in pointed nt'eilles melting at 94°-95°. By boiling "with water or 
with alkalis it is resol 7 ed into ocnanthylic acid and ammonia. 

(Enanthylic anhydride, (CM1'“0)®0, obtained by distilling thoacid with phosphorus 
pentachloride and heating the resulting eenanl hylic chloride with potassium oenanthyl- 
atc, is a tliick colourless liquid having a neutral reaction, and boiling at 268°-271° 
withunt decomposition. Sp. gr. 0*932 at 21°. Reacts with ammonia to form the 
amide. 

Zsolieptolo Atsld is produced by oxidation of isoheptyl alcohol, (p. 1025), 
may tlierefore be constituted according to either of the following formulm: 

( 1 ) ( 2 ) 

The isoprimary alcohol obtained by Grimshaw from othyl-amyl {2nd SuppL 642) 
yielded by oxidation an acid which boiled at 210°-213°; and the isoheptyl alcohol 
which Schorlemmcr obtained from diethyldiracthylmethano yielded by oxidation an 
acid boiling at 209°-213°. The barium, calcium, and silver salts of these two acids 
also closely resembled one another in their properties (see table on next page). It is 
possible, however, that one (jf tho acids in question may bo constituted accorcjjlng to 
tlio first, and the other according to the second of tho formulae above given. 

Dietbyl-xnethylacetic Acld,^ C(C-II^)“(CH®).CO'‘II, has been examined by 
E. Idanow (/itill. i<oc. Chim. [2], xxvi. 4o0), who prepares it by acting on zinc-ethyl 
with ace5tyl chloride, converting the resulting diethyl-mothyl-carbinyl iodide into tho 
corr(?sponding iodide; heating this compound for six to eight days with potassium 
cyanide ; and digesting the crude diethyl-rnethyl-carbinyLcyauide at 120°-140° with 
faming hydrochloric acid. The product thus obtained is distilled, mixed with caustic 
soda, and evaporated to dryness ; tho residue is treated with alcohol, which dissolves 
out the organic salt ; and this, when decomposed sulpliuric acid, yields tho free 
diethyl-methylacetic acid in the form of a colourless- oily liquid nearly insoluble in 
water, and having a faint, not unpleasant odour. After drying over dehydnitod 
sodium sulphate and phosphoric anhydride, it boils at 207°-208°, and does not solidify 
at —20°, lisnorniiU potassium salt, (C*IP)-(Oll**)C.CO-K, is very soluble and non- 
crystalline ; thoflcet^ salt, separates on cooling in stellate groups of 

needles. The had salt i.s a white precipitate, slightly soluble in cold water, the solu- 
tion becoming turbid when heated. 

The following table (p. 1023) exhibits a comparative view of the properties of normal 
heptoic acid prepared in the st?veral ways above mentioned, also of isohcptoic acid and 
diethyl-dimothylacetic acid. 

HEPTOIC AZ.DEBVDE, CGI »0 -C«J!’».CIIO. (Enanthaldehyde, (Enanihal, 
(Kiiarithol , — A polyineridc of this aldehyde is formed by prolonged contact with 
potassium carljonate. It is a solid body which may bo purified by recrystal lisati on, 
melts at 51°-52°, and when heated to 160°-1 70"-’, yields a liquid distillate which easily 
solidifies on cooling, but previous to that change of state, exhibits the characteristic 
reactions of an aldehyde with .alkaline bisul] 'bites and with silver nitrate. ^:?iniilar 
polymeric modifications are formed in like iiiaiiucr wulIi acetaldehyde and btaizaldehy<lo 
(Briiylants, Ber. viii. 414). 

KEPTTZi AZiCOBOESf Eleven alcoliols of this group .are at present 

known, two primary, four secondary, and Im- tcjrliary, viz. 

Primary. 


(1). 

CH*.(CH2)\CTPOII 

(2). 

(cn»)'CH.(cu*)>.CH*on 


Hexyl carbinol. 


Isohexyl carbinol. 


Sc 

condary. 

(3). 


(4). 

(cii“)=c]i.(CH^» 1 


Metliyl-ijcntyl carbinol. 


Methyl-isopentyl carbinol. 

(S). 


or 


Mrtliyl-katapeiityl * carbinol. 


irethyl-pscmliBopentyl carbinol. 


(6). CH(CH»)*.CHOIT.Cn(CIP)2 
IM-wopnjiiyl (^arhiiiol. 

* U’he prefix kata is applied to the rwUcles of tertiary alcohols. 
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IIEPTYL ALCOHOLS. 


Tort i ary. 

CIP) 

( 7 ). CHHCOIl 

(CIP)^CH.CIPj 

^ Dimotliyl-isobutyl oarbiuol. 

CIP 

( 9 ). • . c-ip con 

CH’.CIP.CHv 

Metliyl-ethyl-propyl curl n nol. 


CIP) 

(8). CHHCOH 

(CIP)»Cj ■ 

Diniiitliyl-katabntyl carbinol. 
CH*) 

(10). C‘"H4coh 

CH(CH“)2j 

Mctliyl-ctliyl-isopropyl carbinol. 


(11). (cm-o>.cou. 

Trietliyl carbinol. 


PUI3IARY Hefty L Alcohols. 

(1) . xrormal Beptjl Alcoholi cr Hexyl Carbinol« is produced : a. From 
ffinanthaldohydo Ly the action of sodium-amalgam. The best vay of proceeding is to 
di.ssolvo the aldeliydo in strong acetic acid, add liquid soilium -amalgam to the solu- 
tion, saponify tlio resulting hoptyl acetate with potash, and rectify the alcoliol over 
sodium, Jlcptyl alcohol thus prepared boils at 175*5° under a pressure of 755 mm. 
(Schorlirramer, Lh'fiifjs Annalcn, clxxvii . 304 *) ; see also ^Ind S/fppl. 614. 

C. .J. Cross {Chem. Soc. J. 1877, ii. 11^3) also finds tliat normal hoptyl alcohol pre- 
pared from (cnanthaldohyde boils at 175*5° (bar. 764 mm.), and has a specific gravity 
of 0*838 at 0°, 0*830 at 16 0*821 at 27°. The cklorldfi, CHI‘-’C1, prepared from it 
l)y the action of hydrochloric acid, boils at 159*2° (bar. 750 mm.), and lias a speeillc 
gravity -- 0*881 at 16^. Tlii^ hromhh, boils at 178*5° (bar. 750*6 mm.), arni 

has a specific gravity of 1*133 at 16°. The iodide^ C’H'H, boils at 201° (bar. 754*8 
mm.), and has the specific gravity 1*346 at 10°. 

Thu acefate, prepared bv heating the iodide at 180° witli potissinm 

acetate and glacial acetic acid, has a fragrant odour of pears, boils at 191*5° (bar. 
758*5), and has the specific gravity 0*874 16°. 

Ikptyl (enanth/late, prepared by heating the iodide at 180° with 

silver cenanthylate (normal), is a liquid having a faint but di.sagreoaldo fatty odour, 
and boiling at 270 -275° (bar. 760 mm.) 

llvptyi-dthjl <md€, C^H'^0.(^'11■^ produced by heating the iodide with an al- 
coholic solution of .smliuin ethylate, is a liquid having an odour of lemons, boiling at 
166^ (bar. 755 mm.), and having a specific gravity of 0*791 at 0°; 0*790 at IC'’ 
(Cross). 

(2) . Xsobeptyl Alcobolf or Xsobexyl Carbinol, either 

(cu»)'cir.cJi=.cii».cie.cu''‘oi£ or jjQ ^”*>oir.cir-.cu=.cir.cip. 

This alcohol is obtained, togetln^r with methyl-isopeiityl carbjnol, by passing dry 
chlorine into the vapour of boiling ethyl-aiiiyl, converting the resulting mixture of 
primary and sccoiulary chlorides into acetates, and saponifying the latter. The iso- 
primary alcohol boils at about 165° ((Irimshaw, 2nd }:inppL 642). 

• • 

Secondary IIeftyl Alcohols. 

(3) . Metbyl-pentyl Carbinol, CfP.ClIOH:.(CH‘)'CII'‘ (T. M. Morgan, Chm, 
Hoc, J. 1875, 301). This alcohol has been obtained from nf)rnial heptane (fmm Penn- 
sylvanian petroleum) by tlic following process. The hydrocarbon (b. p. 96°-99°), 
treated with chlorine in the manner above described, yielded a mixture of chlorides 
lioiling between 144° and 156°, which, when passed in tlio st.ate of vajjour over quick- 
lime, heated to a temperatnro just short of rodne.ss, were converted into hoptylones, 
CHI", boiling between 96° and 99°. On mixing tlieso hcptylenes w'ith strong hydro- 
chloric acid, and passing a stream of hydrogen chloride through the, mixture, alieptyl 
chloride was formed, which boiled with decomposition between 138°. and 142°, and 
was resolved by heating w’ith potassium acetate and acetic acid into hydrogen chloride 
and a heptyleno. This latter treated witli^ hydriodic acid was couv(?rtcd into an 
iodide, from which, by decomposition with lead acetate and saponification of the 
resulting acetic (sther, aheptyl alcohol was obtained, which boiled between 140° and 


• The boiling jKjint of the .alcntiol is there misprinted 166*6®. 
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141®, and was conTerted by oxidation with chromic acid mixture, first into a ketone 
(b. p. 137®-141®), and afterwards into a mixture of acetic and normal butyric acids: / 
it appears thtjroforo to bo a secondary alcohol, but its constitution has not b(;off 
exactly determined. * 

The portion of tlio hcptylones not attacked by cold hydrochloric acid, Yielded, 
when heated to 120® with hydriodic acid, an iodide, partly convertible by thtf action 
of lead acetate at 120® into a hepLyl acetate l)oiling between 170® and 174®, and 
folding by saponification a heptyl alcohol boiling between 150® and 168®. This 
Scohol, oxidised by cold chromic acid solution, yielded a ketone boiling between 146® 
and 149®, and convertible by further oxidation into a mixture of acetic and normal , 
valeric acids, ironco, according to PopoflTs law (Is^ Shippl. 765), the kotono consists of 
► methyl-pentyl ketone, and the alcohol of mcthyl-pontyl carbinol. 

(4) . MettayUsopenlyl Carbinol, or Metbyl-amyl Carbinol, 
CIP.CHOH.(OH7‘'.CH(CIi*)*, is obtained, together with the isoprimary alcohol, from 
cthy 1-amyl or dimothyl-butyl-metliane, in the manner already mentioned (p. 1024). 
lloils at 146°-148®. Converted by oxidation into mcthyl-amyl ketone, CIP.CO.O*!!** 
(Grimshaw). 

(5) . A third secondary heptyl alcohol, which may be roprosonted by either of the 
formulse, 

Metliyl-katapcntyl carbinol ^ Methyl-psoudisopentyl carbinol 

most probably by the former, is obtained in like manner from dimothyl-diethyl- 
metharie, 0(CIP)'(C'H*)-. It ^ils at 148®-150® (Schorlemmer, CAm. Soc. J. 1873, 
320 ; SCO also 2wd Suppl. 643). 

(6) . Bl-lsopropyl Carbinol, (ClP)*'CH.CIIOIT.CII(qiT»)2, obtained by the 

action of nascent hydrogen on ^di-isopropyl ketone, is a liquid having a pleasant 
ethereal odour like tliat of peppermint, a specific gravity 0‘8323 at 17®, and boiling at 
130®-! 32®. It dissolves part iirily in w'ater, easily in alcohoUind ether, lly gradual * 
oxidation with chromic acid solution, it is reconverted into di-isopropyl ketone 
(K. Munch, Ber, vii. 1129). • 

TnuTiAttY Hbptyl Alcohols. 

(7) . Blmetbyl-lsobutyl Carbinol, ^sq^COH.CIP.CH^qIp. Discovered 

by Markownikoff {Zeitschr.f. Chem, 1871, 268), and further examined by Pawlow 
[Lichii/s AnnaleUf clxxiii. 192), Markownikoff prepares it from the pseudoheptylone, 
iClPj--“:C “Oil -Cll^Cliy, obtained by heating oxyisocaprylic acid W'itli water 
(p. 1027). l)n passing gaseous hydrogen iodido through this hydrocarbon, dimethyl- 
isolnityl i(j(li<lo, (Oil®)'' — Cl — Oil'- -01 1 — (Oil®)", is obtained as a heavy liquid, which, 
when treated with moist silver oxide, yields the tertiary alcohol (Markownikoff). 

Pawlow obtains the same alcohol by dropping valeryl chloride (1 mol.) into cooled 
zinc-methyl (2 mols.), kaving the mixture to itself for 30 days, and then decomposing 
it with water: • 

Cl.CO.CIP.Cn(ClP)- + Zn(CU’)'^ = ZnO + 

^'•‘'lcTeoir(cii7 

Tho product is fractionated by distillation, and treated with acid sodium sulphite to 
remove a<lmixcd methyl-isobutyl ketone. 

Dimethyl-isobutyl carliinol is a colourle.ss liquid, lighter th:iii water, nearly in- 
soluble therein, and has a cainphorous odour. When oxidi.scd with chromic acid 
mixture, it is converted, according to Pawlow, into acetic and isobutyric acids ; 
according to Markownikoff, it is resolved thereby into water and pseiidoheptyleiio. 

Dimethyl-imhutyl-carhinyl Iodide ^ (CIl®)“,Cr.CII“.ClI(CIl®j®, formed from the 
alcohol by saturation with hydriodic acid, with addition of a little water, or from tho 
psoudoh(?ptylene tw direct combination, is a heav^*oil wdiich is decomposed by distilla- 
tion, and convertefl by heating with .alcoholic pot.ash into a •hcptylcne which iliffers in 
constitution from that just mentioned, and is rccon verted by silver oxide and water 
into dimethyl-isobutyl carbinol (Paw’low). Tlio correspoiuliiig bromide, C’lP^Br, 
formed also from pseudoheptyleiio by direct combination, is converted by heating with 
water at 100®, chiefly intopsoudohoptylcno, together with a small quantity of dimethyl- 
isobutyl carbinol. 

3r5 Sup, 3 X 
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(8). Blmetbyl-katabutyl Carblnol, ^^*^1(^011*)** 

c:? Fentamethylated Ethyl Alcohol^ C(CH*)* — C(OIP)*OII (Butlerow, lAehvfs Annalm^ 
clxxvii. 176). — This alcohol is Torraod bytho action of trimothylacetyl chloride, 
C(CIP)®COCl, (1 mol.) on zinc-methyl (2 mols.) A few lumps of sodium are thrown 
into the ffoshly-propared mixtu.’e ; the liquid decanted from the zinc thereby sepa- 
tated is hcatwi for some liours at 60°-66® in a sosilod tube ; the contents, which have 
become crystalline, r.re then decomposed with water, whereupon marsh gas is given 
off ; the mass is acidulated with hydrochloric acid ; and the oil which then separates 
18 distilled with water. By repeating these operations several times, pressing the 
crystals which separate, and drying them over caustic baryta, the dimethyl-katabutyl 
carbi^^ol is obtained as a hydrate having the composition 2CMP"0 + 1P0. This 
hydrate forms long prismatic needles, slightly soluble in water, easily in alcohol and 
et her, has a burning taste, and a camphorous and at the same time Kiouldy smell. It 
begins to boil and give off water at 100®, and at 130® the anhydrous alcohol begins to 
distil. The dehydration may be also partially effected by leaving the hydrate over 
baryta in a closed vessel, and if this operation is performed at a temperature of 100®, 
the dehydration becomes complete in a few days, the anhydrous alcohol remaining as 
an oil. 

Warm and dilute chromic acid mixture acts very slowly on tlie hydrate, but 
bromine acts readily on it, yielding a white solid, which by the further action of 
bromine is converted into an oily body. The solid product appears to bo a mixture of 
C'n>^BrandGaP‘Br2. 

Pentamethyl Efhol, prepared from its hydrate, as above described, forms an oil 
which boils at 131®. When strongly cooled, it solidifies, forming white needles 
which melt at + 17° ; and it readily absorbs w'ater, reproducing the liydrato, so that 
when moist air i passed into the upper part of a buttle containing the alcohol, 
glistening leaflets of the hydrate are produced, and float about in the air over tluj 
liquid. • 

Pentamethyl^thyl chloride, C’Jl'^Cl, or C^(CH’)*C1, obtained by treating tlio 
hydrate with phosphorus pentachloride, and washing "the product, is a white solid, 
smelling like ‘ artificial camphor.’ It sqmrates from its alcoholic solution in white 
needles, which melt at 136®, and sublime rapidly at a higher temperature ; but it 
is also volatile at the ordinary temperature, and yields up its chlorine to a warm solu- 
tion of silver nitrate. 

The iodide prepared hy the action of hydriodic acid on the alcoliol, smells like the 
chloride, is soluble in .alcohol, and molts with partial decomposition at 140®-142®. 
Alcoholic potash decomposes it, forming a hoptylene which has tho constitution 

1027). 

fCH* 

(9 and 10). Mettayl-ethy 1-propyl Carblnol, HO.C-IC’IP , and 

(ciBWcn* 

fCIP 

PKetbyl-etliyl-lsopropyl Carblnol, HO.C ■! , a^o formed by tho action 

(CH(CH.>)2 

of a mixture of zinc-methyl and zinc-ethyl on the. chlorides of butyryl and isobiityryl 
respectively. The former boils at 135®-138® ; tho heptylono propfirod frejm its iodide 
at 90®-95®; the latter alcohol boils at 124®-127°, its heptylono at 75'-80® (Pawlow, 
Liehi^s Annalen, clxxxviii. 122). 

(11). Trlettayl-carblnol, (C-II'’)^COII. This alcohol, already described {2nd 
Suppl. 1182), is formed by tho action of zinc-ethyl on propionyl chloride. It is a 
colourless liquid, having a specific gravity of 0’8o93 at 0®, becoming viscid at 20®, 
and boiling at 140°-142®(Na}iapotian). 

BEPTTUXirsS, These hydrocarl»ons are obtained, together with heptyl 

acetates, by heating tho several heptyl chlorides with potassium acetate and glacial 
acetic acid. 1. The mixture of heptylencs thus obtained from tho chlorides produced 
by tho action of chlorine on normal heptane, boils at 98® 99° (Schorl ()mmor, Chetn. 
Soc. J. 1873, 322); between 96® and 99® (Morg.an, ihid. 1875, 303). Respecting tho 
reaction of these heptylends with hydrochloric .acid, see p. 1025. 

The heptylene which boils at 90® unites with water, forming a hydrate which 
when dropped into a vessel heated over an oil-b.ath is rcisolved into wfiter, a resin, and 
a body which boils at 140®, and exhibits the propcirties of an unsaturated alcohol (Le 
Bel, Compt. rend, Ixxxi. 967). 

2. Tho heptylene from ethyl-amyl boils at 91® and has a sp. gr. of 0*7060 at 16° 
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(Grimshaw, Chem, 800 , J. 1873, 313); that from dimethyl-diethyl-methane boils at 
90®-92° (Schorlommor, Ckem, 80 c, J. 1873, 320). / 

3. A heptyleno having tho constitution CII(CiI^).*.CH2.C^Q^2 *** produced by 

tho action of alcoholic potasli at 100° on dimethyl-isobiityl-carbinyl iodide (p. 102G). 

It is a liquid boiling at 83°-84°, has a sp. gr. of 0*7I4l at 0°,and unites direcfly witli 
bromine to form a dibromido. It also unites with hydriodic acid, reproducing 
jJiinothyl-isolmtyl-carbinyl iodide, GGl^*I (Pawlow, p. 102G). • 

^ 4. A heptyleno having the constitution (01P)“C— CIt — CH(CH*)^ is produced by 
heating oxyisocaprylic acid ( 2 nd SuppL 885) with water ; O'*!! **0® == CGI* ‘ + CO- + IPO. • 
It boils at 81°-83° ; has a sp. gr. of 0‘6985 at 14° ; is readily acted on by bromine, 

► with evolution of II Jir, and unites with HI, producing mcthyl-isobutyl-carbinyl 'odido 
(MarkownikoiF, Zeitsch.f, Chem. 1871, 268). 

• Cip 

6. A heptylerie, n“C—C<^J^^J^j_£ 3 j 3 , which may bo called 

is formed by the action of alcoholic potash on dimethyl-katabutyl iodide (p. 1026). 

It is a liquid which does not solidify in a freezing mixture, and forms a solid, tnins- 
lucent, vtTy volatile dil)romido (Hutlerow). 

6. Tho heptyleno obtained from methyl-cthyl-propyl carbinol boils at 90°-95° ; 
that from mcthyl-elhyl-isopropyl carbinol boils at 75°-80'’ (Pawlow). 

HEPTYZifiNE-TKZOCARBXMXDE, CGl“(NCS)2. When thiocarbamido 
and mnanthal are dissolved together in alcoholf^a few drops of hydrochloric acid then 
adiled, and the mixture warmed, mmnthodmilpJmreida, CGl“(CHN“iP)2, is formctl ; and 
tliis, on addition of a few more drops of liydrochloric acid, is converted into hcptyleno- 
t hiocjirbiinide : 

C’n'<(CSN2H’)= + 21TC1 = 2NIPCI + CGl"(NCS)2. 


Ileptyleno-thiocarbimido is a thick oily liquid having a very repulsive odour. 
Alc(diolifl ammonia converts it jnto the disulphuroido (U. SchilF, Ber.ni. 830). 

HERACXiEUIlX. The essential oil of tho cow-parsnep (Hcraclmm 8]^hondi/lium) 
has been examined by W. Mdslinger {Lkhig\^Amalen^ clxxxv. 26). 126 kilos, of tho 
fruits gathered in 1874 yielded, by disiilliition with steam, 1163 grams of oil (0-U2per 
cent.); 173*16 kilos, gatliond in tlio autumn of 1875 yielded 1460*5 grams of oil 
(0*84 per cent.), the yield in each case being affected by tho mode of distillation, and 
being most abundant when the distillation was conducted in a current of steam, and 
not merely from a vessel filled with water. 

Tho examination of the oil yielded results differing in some respects from those 
obtained by Ziucke (!.'«!< Siippl. 697 ; 2 }id Suppl. 644), whoso statements indeed are 
inapplicable to oil obtained from fruits cither not quite ripe or only lately ripened, 
and appear to bo tnio, if .at all, only for fruits which have been quite ripe for a loug 
time. The oil of Ileracleum sphondylium agrees perfectly in composition, so far as 
regards its low'cst boiling portions, -with that of Hiraclcum, giganteiim] both these 
oils contain ethyl butyrate. Tho distillation-water contains chiclly — together with 
ammonia, but no .substituted ammonias — methyl alcohol, ctliyl alcohol (in smaller 
quantity), acetic acid and caproio Jicid, but no percopiiblo quantity of butyric acid. 
The oil contains .also sin, all quantities of hexyl compounds, apparently only tho 
acetate ; t hat of //. giganfeum contains chiefly hexyl butyrate (27id Suppl. 644). The 
oil of ll, fip}i07idylium does not contain* octyl buQ'rate, but tho octyl-ethers of higher 
fatty .‘ic.ids, viz. caproic, CJipric, and lauric ; whether it contains also those of tho 
iiiterineiliato acids, or of acids still higher in the series, is not yet dl?tcrminod. 

The oil of .1874 yielded, after several rectifications, tho following fractions: 

Hoiling Point . . 110°-175° 175°-190° 190°-200° 2()0°-203° 

Weight of Fracl ion . 6*5 15*75 4*5 32 grams 

foiling Point . . 203°-206° 206°^2()8° 208°-210° 210°-240° 

Weight of Fraction . 702*75 104*5 35*25 117*5 grams 

lloiling Point . . 240°-291° Rosiduo witli crystals 

Weight of Fraction . 42*5 • 28 grams 

Fraction 110°-175° consists chiefly of ethyl butyrate? it Ims an acid reaction, 
duo to free acetic and butyric acids. Fraction 203°-206° consists of octyl acetate ; 
210°-240° of octyl acelato and caproato. Free octyl alcohol, observed by Zincko, 
was not found by Mdslingor. Hexyl alcohol was found in the fruit gathered in 1875. 
'File lowest fraction of f ho oil (8l)°-110°) yielded by saponification a liquid containing 
liexyl and octyl .alcohols. 

3x2 
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HBRA9ATBZTS. Seo Cinchona Alkaloids (p. 190). 

. BSRNZAllXA. The ash of Ilerniarui glahra, grown on siliceous ami on dolo- 
mitic soil, has been analysed by 0. G. Wittstcin (Arch. Pharm. [9], iv. 341). 

1. From siliceous soil. Total ash in air-dried plant, 7’ 132 pep cent. 

K»0 Na“0 Na(wth Cl) CiiO 

24-380 4-110^ 1-702 14-349 

Mn’O" Cl SO* PO* 

— 2-624 1-717 9-729 

2. From dolomitic soil. Total ash, 6-622 per cent. 

O* * 

K"0 Na=0 Cl) CaO MgO t\PO* Pc*0» 

8-680 3-860 6*691 30 400 14-839 1 755 0-130 

Mn»0‘ Cl SO* PO" SiO* CO* 

— 1-066 1-746. 8-421 6*367 21-505. 

BBSPEBBTZC ACZD, and BBSPEBfiTZST. See the next Article. 

BBSPEBZBBUrzSi A terpene contained in tho volatile oil of orange- 

peel. It boils at 178® (corr.); is oxidised by chromic acid mixture, chiefly to carbonic 
acid and water, together An-ith acetic a^id, a trace of formic acid, and a small quantity 
of a liquid compound, C'®I1‘®0, isomeric with camphor; no toluic or tcreplithalic 
acid is formed. With nitric acid, it yields oxalic, acid, and an acid galled hos- 
porisic acid, winch, when dried over sulphuric acid, has tho composition 
C*®H*®0*^.2H“0 ; no terephthiilic acid is formed in tlie reaction. Jlesporidciie is 
not converted into a mor(3 highly hydrogenised compound by heating with hydriodic 
acid and phosphorus. When hydriodic acid gas is passed into it, a liquid hydriodide, 
is formed, which does not solidify on cooling, and is decomposed by heat 
OP by exposure fh light. t When tho alcoholic solution of this hydriodide is heated 
with silver cyanide, and tho product is boiled with potash, ammonia is given off, and 
a brown mass is formed, together with « small quantity of a non-volatile amorphous 
ftcid, soluble in ether. Jlcsperidene, heated with x)hosi^horus pentasiUj)hide, yields 
cymene (Wright, Chem. Soc. J. 1873, 549). 

On Nitrosohespci’idoiie, see Terpenes, Nitroso-. 

BBSPBRZDZB', This substance, discovered by Lebreton (iii. 150), 

exists in many fruits of tho genus Citrm, It is best prepared from the dry unripe 
bitter oranges of commerce (Poma aurantii immaturi). The fruit is exhausted with 
AViiter, and the residue is tr<*{tted with a mixture of equal parts of water and alcohol 
containing one per cent, of caustic potash. On adding hydrochloric acid to this 
solution, impure liespcritUn separates out, and may be dissolved in potiish-solution 
of-5 per cent. On adding alcohol a resinous mass is deposited, and from the clear 
liquid almost pure hesperldin separates on mlding hydrochloric acid. To obtain it 
quite pure it must be boiled with water containing acetic acid? 

Jfesperidin crystallises from water, alcohol, or-dilute .-icids in white microscopic 
needles, and acids precipitate it from an alkaline solution in globular masses. It is 
almost iusolublo in cold water, and <lissolvos in 500 parts of boiling water. It dis- 
solves more freely in alcohol and hot acetic aftid, but is insoluble in ether, benzene, 
and volatile oils. It is not decomposed by dilute acids, and does not reduce an 
aikalino copper-solhtion. Its solution in dilute potash becomes yellow and orange- 
coloured on standing; and on evaporating it to dryness and treating tho residue with 
dilute sulphuric acid, it turns red and afterwards violet. Hesperidin fused with 
potash yields protocatcchuic acid (E. Hoffmann, BerL Ber. ix. 26). 

According to Paterno a. Briosi {Gazz. chim. itnl. 1876, 169) hesperidin melts at 
243®-245°, which is nearly tho melting point of limonin (244®). It is decompisod 
l>y evaporation to dryness with ammonia, does not unite with picric acid, a(x*tyl 
ehloride, or baryta. It dissolves readily in aniline, and tho solution mixed with ether 
deposits spherical groups of crystabs tho composition of which has not yet been di - 
termii.el. *- 

Hesperidin is a glucaside, and is resolved by dilute acids into glucose :i>nl 
hosperetin, • 

^ CTI'W + 

Hosperetin, C®H*O*.O.0*®nW, when purified by crystallisation from ether, 
forms white crystals melting at 223® and having an intensely sweet taste. It is 
soluble in cold water, nearly insoluble in alcohol; dissolves in alkalis, and is not 


MfrO A1»0* 

6*300 1-321 1-038 

SLO* CO* 

14-445 17*694. 
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extracted from the solution ether ; gives a brown-rod coloration with ferric chloride ; ^ 
is precipitated by Ic^id acetate. Heated to 100° with potassium liydroxido, it is r^‘ 
solved almost quantitatively into hosperetic acitl and phlorogluciu : 

C«IP0-'.0.C'«JI»0» + IPO = OTPCl* + C'®H>«0'. , 

llcspcretln. I’hloro- llesperctic 

gluciii. acid. 

\[rato(l with water to 250° in a sealed tube, it yields a product having a strong smell 
of vanilla (HofiFmann). 

Ilesperotic acid, is likewise formed by the action of alkalis on* 

^ hesperidin, and it may bo purified by conversion into the soluble calcium salt, 
removal of colouring matters w’itli lead acetate, reprecipitatioii with acetic ncid, and 
crystallisation alcohol. It melts at 225°, and sublimes at 22i3°, being partly 
decomposed at the same time, with formation of a body smelling like vanilla, liy 
fusion wit h potash it is resolved into acetic and protocatechuic acids : 

Ci«iiioo» + 41120 = 2C2HK)* + C®H“0‘ + 2H2. 

The substance called Ilcsperidhi by de Vrij, and obtained from the aqueous 
portion of the residue left on distilling the flowers of Citrus decunianay is in reality 
the body called by llofFinann aiirantiin (p. 136). A body prepared by do Vrij 
from orange-peel {Albedo cort. aurans) is, acgprding to Iloffniann, pure hesperidin. 
The following is a comparison of the composition and properties of hesperidin with 
those of allied glucosides. 


Hesperidin 

< .'onipositioii 

Melting 

point 

Phenol 

reaction 

. (r--*H2®0'2 

245° 

brown-red 

Aiirantiin . 

. tPH2«0'2 + 4lI2() 

171 


Murray in . 

. C'®H220“* 

170 

bluc-grecn 

Limonin . 

.. ? , 

244 

• ? 

BBSPBBZSZC ACZB. 

Sec IlKSI’KRnjKNM (p. 

1028). 



HSSSZTS, Ag'-’Je. See Telluuium. 

BBTZSROIIZORPHZTIB. According to Pisani {Compt. rend. Ixxxiii. 747) this 
mineral occurs at Alsborg in Westphalia, mixofl with brown blonde, mostly massive; 
in cavities also, apparently in mouocliiiic crystals. Sp. gr, =5’59— 5*73. 

S Sb Pb Zn 

19’90 31 -20 47*86 0*60 = 99*56. 

Pisaiii represents those numbers by the formula Pb'Sb®S’® = 7rbS.4Sb‘S*. H. Rose 
assigned to hoteromorphito the formula Pb^Sb'^S* ~ 2PbS.Sb*S® (iii, 151). 

HSUBACHZTEi A hydrated oxide of nickel and cobalt, occurring in ex- 
tremely thin soot-liko deposits, or more rarely in the form of dendritic foil and fine 
globular aggregations, on clefts ip barytes, at the St. Anton Mine in tho Heubaehthal, 
near Wittichen. Colour dcop-black;- the streak exhibits a semi-metallic lustre. 
Hardness =2’5. Sp. gr. 3*44. It is infusible before the blow-pipe, but dissolves in 
hydrochloric acid with evolution of much chlorine, the solution having a df ep bluish- 
green colour, but changing into rosc-red on dilution with water. Chemical compo- 
sition as follows : — • 

CoO NiO Pt!*0' MnO“ 1T»0 

65*50 14*50 5-13 1*50 12-69 - 99*22. 

Heubachito is a very recent formation, being found only on clefts in barytes, and 
cementing together fragments of quartz and felspar, which have arisen from tho dis- 
integration of tho neighbouring vein-rocks and been carried by tho action of 
water into the barytes clefts. This water no doubt contained the constituents of 
heubachito in solution in tho form of carbonates. Ileubachite is found occurring 
under exactly similar circumstances at tho Eberhiird mine near Alpirsbach in the 
Swabian Scliwarzwald (Sandborger, Jahrh.f, Mm, 1877, 299). 

RBUBABDZTB. This minoml, from tho conglomerates of a South African 
melaphyro, was found by K. Cohen {ibid, 1875, 116) to contain: 

Tjosb by 

SiO» A1*0" CaO K“0 Na“0 ignition 

69*53 16*82 6 95 0*32 1*42 15*30 = 100*34. 

BBXACBTYBMANBZTB. See MAMMrrii!. 
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BBXJkCROlLlSZC ACZB, An acid polymeric with acrolein, pro- 

duced by dropping that liquid into an alcoholic solution of potash (iii. 150); found 
also among the products obtaintd by heating ‘ acrolein hydrochloride with sodium 
ethylate (p. 42 of this {Supplement). 

BBbCAGOirZTS. A variety of tremolito (iii. 169) from EdwaKls,St. Lawrence 
County, New York, first described by Groldsmith, who placed it in the beryl group. 
Kdnig, however {JaltrKf. Min. 1877, 202), finds that the crystals are monoclinic, an^" 
exhibit the combination OP.qoP, Uibular through OP. The prism-angle, 124° 39, 

, agrees closely with that of tremolite (124° 30'). Cleavage prismatic and imperfect, 
parallel to OP. Hanlness = 6*5. Sp. gr. — 2-996. Colour, white or violet. Lustre 
strongly vitreous. Melts with difficulty before the blow-pipe to a white enamel. ^ 
Gives the reaction of manganese w-itli borax. Chemical compositiou^is follow’s : 

SlO> MgO CaO Na»0 ^^nO APO’ a. 

68-20 24-14 12*20 1*90 1-37 1*40 - 99-21 

BZUEAirE, C*!!**. Normal hexane (b. p. 68°-70°), from Pennsylvanian 
petroleum, is converted by the action of chlorine chiefly into two hexyl chlorides (b. p. 
120°-134°), which -when saponified with alcoholic potash yield a mixture of two 
hexylenes (b. p. 68°-70°) not separable by distillation. Put on passing a stream of 
hydrochloric acid gas through a mixture of thc.se hexylenes with strong hydrochloric 
acid, a hexyl chloride gradually separfies, boiling, with decomposition, at 116°-118° ; 
and the remaining portion of the hexylene, heated with hydrochloric acid to 13()°-140° 
for ten or twelve hours, yields a h«‘xyl chloride boiling at 122°-r24°. # The first- 
mentioned chloride (b. p. 116°-118^) heated with acetic acid and lead acetate, is con 
verted into an acetic ether, yielding by saponification a small quantity of the corre- 
sponding hexyl alcohol. Thi.s alcohol, however, is much more readily obtained by 
similar treatment of the hydriodido produced by agitating the mixture of hexylenes 
above mentioned with concentrated hydriodic acid. It boils at 126°-129°, smells like 
• peppermint-oil, and is converted by a strong solution eff chromic acid into a ketone 
boiling at 121°-124°, and yielding by further oxidation, acetic and probably also pro- 
pionic acid. * 

The chloride boiling at 122°-124° is for the most part converted by heating to 
120° with lead acetate and acetic acid, into an acetic other yieUling by saponification 
another hexyl alcohol, w'hich boils at 132^-137®, and is oxidised by chromic acitl, 
even at ordinary temperatures, to a ketone boiling at 124'^- 126°, and converted by 
further oxidation into a mixture of acids consisting chiefly of acetic and butyric acid : 
hence this alcohol appears to bo methyl- butyl-carbiuol, UlP.CIIOll.CTL" 
(Morgan, Chem. Soc. J. 1876, 301). 

These results seem to show that the action of chlorine on normal hexane gives ri.se 
only to secondary chlorides, whereas Schlorlommer {2nd Suppl. 646), by cliloriiiuti»m 
of normjil hexane (prepared by the action of nascent hydrogen on methyl-butyl iodide), 
obtained a primary as well as a secondary chloride. 

When hromine-vapour is passed into the vapour of boiling normal hexane, in day- 
light, substitution-products are formed, which aro partly dccottiposcd by distillation. 
The portion which distils without decomposition consists of a hexyl bromide, the 
alcohol from which is converted by oxidation into acetic and normal butyric, acids, and 
therefore consists of mcthyl-butyl-carbinol. In like manner normal heptane yields a 
bromide convertible into methyl-pentyl carbinol.* Hence it appears that the*, action of 
bromine on normal paraffins gives rise only to .secondary bromides, ClP.CHBr.C®!!'-*®'*, 
or that the methyl groups which are present in these hydrocarbons, and aro readily 
attacked by chlorine, are not touched by bromine jit all. 

In addition to the secondary bromides, other products are formed which, on dis- 
tillation, either decompose completely, or are resolved into hydrobromic acid and non- 
saturated hydrocarbons, which aro probably olefines (Schorlemmor, PAii. Trans. 
1878, p.l). , ; 

More highly brominated derivatives aro obtained by heating normal hexane with 
bromine to higher temperatures in sealed tubes. At 130°-140 the compound C*llr" 
is forfted, and this at a higher temperature is resolved into pcrbrornobenzcnc, C“Br«, 
and free bromine. If the heating at 430°-140° be not too long continuod, tho crysfcil- 
line compound, C^H^Br*, is likewise obtained. At 12()°-125° this latter is tho chief 
product, mixed however with C®H*i}r* and ^^U^Br®. Tho brominated derivatives of 
hexane now known are : 

C®H»Br, C®H®Iir®, C®H®Br® C®lI*Br«, C®Br®, 0®Br® 

(Wahl, Ber, x. 402, 1234). 
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BEXBROMACBTOWE, C»I5r«0 (Weidol a. Gruber, Ber, x. 1 147). This com- 
pound is formed by the action of bromine on a very dilute aqueous solution of the ^ 
hydtochlondc or hydrohromide of triamid&phmolf C®9!*(Nn2)>011, or on hrmiodiclird- 
masirt, C'“lPJlr"N*0’, the first product of the action of bromine on tliose Siilts, this 
body boin;? suspended in water and bromine added to^tho liquid. At ordinary tem- 
peratures the reaction takes several hours to complete, *but at 100° in sealed tubes it 
is coniphited in a few minutes. The hexbromacetone separates on cooling in lustrous 
^ales, and may be purified by crystallisation from chloroform, from which it separates 
in largo strongly-refracting monoclinic crystals. Its formation from bromodichro- 
mazin may be represented by the equation — • 

» C>"H«15r^'N>0' + 34l3r -i- HH^O = SOTr^O + 3NH^Br + 24ll]3r + PCO*. 

lloxbromacet^no is absolutely insoluble in water, whether cold or boiling, but 
dissolves easily and without alteration in chloroform, carbon disulphide, benzene, and 
pure ether. It likewise dissolves in alcohol, either aqueous or absolute, but is at the 
same time partly decomposed, a small portion of it separating out unaltered as tin? 
alcohol evaporates, while the greater portion is converted into a red-brown oil smelling 
like chloroform. The ethereal and alcoholic solutions are neutral. The crystals arc 
tasteless, but excite after some time a persistent burning sensation on the tongue. 
Jlexbromacetono melts at 107°-109°, in the dry state; below 100°, when immersed in 
water. At a higher temperature it decorapo.ses, only a small portion subliming un- 
changed. When boiled with a caustic alkali itpyields bromoform and an alkaline 
carbonate : 

• C»Er«0 H- 2NaHO = 2CHBr» + Na^CO®. 

It is decomposed in a similar manner when heated with water to 180°. It dissolves in 
boiling nitric acid, and separates out unchanged on cooling; but when the two are 
heatctl togotlier at 150°, bromopicrin is formed, with evolution of c^irbon dioxide: 

C^Br^O + 2NO*n = 2CBr^N02) + CO* •+ n*o! 

Dry ammonin-gas passed over hpxbromacctono converts it quantitatively into tri- 
bromacetamido and bromoform: 

C«Br«0 + CBr*.CONII* + CIIBr*. 

On adding water to a solution of hexbromacetone in methyl alcohol till the compound 
begins to separate, and then adding sodhm-amalgamf psoiidopropyl alcohol is 
formed ; 

CBr“.GO.CBr» + 711* =:= GfiBr P CIl*.CHOH.CIl®. 

KBXBBOMOBZPBEXrYBAMXBB. See Brmzenks, Puunylamido- (p. 208). 

BBXBXtOniOBrAPRTRAZiEM’E, C*®Il'*Br®, is prepared by dropping In'omino 
containing iodine, but free from chlorine, on naphthalene, which is kept cool, then 
heating the i)ruducl with excess of bromine in a sealed tube, first to 80°-100° (as long 
as hydrogen bromide csc.apcs on opening the tube), aftorwanls continuing the heating 
for tw’cnty or thirty hours, and niising the temperature from 50° to 60° till it finally 
rises to 350®-400°. Ilexbronionaphthalene is insoluble in alcohol and in ether, 
nioder.atcly soluble in hot benzene, toluene, chjoroform, and aniline ; crystallises and 
suldimes in slender needles; molts at 245°-24G°, resolidifies at 20b°-196°, and 
volatilises without decomposition (E. Gessner, Bcr. ix. 1505). , 

RBXCBXiOBBTRAZa'B, C’Cl®. This compound reacts with aluminum iodide 
in such a manner as to form aluminium chloride, tctrachloretliyleno, and free iodine, 
together with an amorphous carbon compound containing iodine (Gustavson, Ber. 
ix. 1G9). 

RBXBTXTB-TXlAMZDOaBNZOTBBBRZERB, 

C“H^'NW = 

This compound is formed, together witli tricthyl-diamidobenzophenono, 
CO[C®Il‘M(G*lI*)*]*, by heating diethyl-aniline with calbonyl chloride in a sealed 
tube to Ui )^ : 

2COCI* + 3C«IPN(C‘II‘‘)* = 4HCI + C«H*N(C*H')*[CO.C«IPN(C*H»)*]*. 

The product is boiled with water to remove excess of dicthylaniline, and the undis- 
solved residue, after washing on a filter, is treated with hydrochloric acid, which 
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dissolves the tetrethyl-diamidobonzophenene, and loaves the hoxethyl-triamidobcnzoyl- 
benzene. 

The latter body crystallises from alcohol in fine crystals molting at about 170°, 
and belonging, according to Arzruni’s measurements, to the triclinic system. They 
are tabular in the direction of the base <?, and exhibit a right and left hemiprism m 
and wi', together with a tetartopyramid o, between and c (truncation of the acute 
edge). Angles of the normals, c : «i' = 68° 19'; cl m=63° ; o : <? = 61*66° (Michlor, 
a. Gradman, Bcr. ix. 1912). f 

BBZBYDROBSirZfiNB, KBBKTDBOTOBVBirB, 4k.o. See Benzene 

(p. 160). 

BBXZBTB, Ilcxoyhnr . — A modification of this hydrocarbon, most pro- * 

bably having the constitution CH*.O^C.CH*.CH‘“.CH®, is obtained iby heating moiio- 
bromKexyleno (derived from mannite hexylene) -with alcoholic potash in sealed tubes, 
at 170° for twelve hours, about one third of the bromide then remaining undecomposed. 
The hydrocarbon is a colourless mobile liquid, having a pungent, disagreeable odour. 
It is optically inactive, and its sp. gr. is 0*7491 at O'", and 0*7377 at 13°, referred to 
water at 0°. It remains liquid at —20°, and boils between 80° and 83° ; it is miscililo 
in all proportions with alcohol, ether, chloroform, carbon bisulphide, benzene, light 
petroleum, and glacial acetic acid ; dissolves in sulphuric acid, sp. gr. 1*83 ; does not 
produce a precipitate in ammoniacal solutions of silver or cuprous salts. By boiling 
with chromic acid mixture it is oxidised to butyric, acetic and carbonic acids. The 
formation of acetic and butyric acids is represented by the equation : 

CH».CE:c.cmcmcH» + + ipo = ch*.co=ii + co-’jr.cH^’cmcH*. 


The carbonic acid is formed (as was proved by direct experiment) by further oxidation 
of a portion of the butyric acid. 

Hexine dihromide^ C®H‘“Br- — CIP.CBrmCBr.CIP.CH-.CH*, produc(‘d by the direct 
union of brominj and hexine, is an optically inactive bquid, of a pale-yellow colour. 
Sp. gr. 1*6977 at 0^, 1*6643 at 100°. H docs not solidify at —20°, begins to decom- 
pose at 130°, Bromine acts slowly upoT» it, with evolution of hydrobromie acid, and 
formation of a heavy yellow oil (probably a mixture of C“II'®Br' and C^JPBr®), which 
has a density of 2*1625 at 0°, thickens to a syrup at — 16°, and begins to decompose at 
160° (Hccht, Ber, xi. 1050). 

BBXMBTHYZiDZAMZDOBBSrZOZC ACZD, C’H*(CH’)‘^N20'-(OII)=‘. See 
Benzoic acids (p. 274). 

BBBMBTHYZi-ZBOSTZBBBnrB, = Cir*=C[C'*H=(CH®)=»]2, is formed 

by the action of sulphuric acid on a mixture of musityleno and raonochloraldehyde : 


CH^CICHO + 2C«}P(CH®)® = CH2:_.C[0«H2(C1P)T- + IICl + H’^O. 


It is an oily liquid, boiling at a high temperature and readily attacked by bromine 
(E. Hopp, Ber, vii. 1418). 

BBBMBTBTB-TRZAMZDOBBBZOTBBBBZBBB, 


= C«IPN(CH>)=< 


CO-C«ir‘N(CTP)2 

CO-C®ll«N(CH“)'-' 


is prepared, like the corresponding ethyl-compound (p. 1031), by heating dimethylaniline 
in a scaled tube witji liquid carbonyl chloride (Michler, Bcr. ix. 716) ; also by passing 
gaseous carbonyl chloride (phosgene) into boiling dimethylaniline as long as it is 
absorbed (Michler a. Dupertuis, ibid, 1899). The compound forms monoclinic 
crystals having the axial ratio alb: <?= 0*6866 : 1 .* 0*7138. Angle m?= 125° 18'. 
Observed faces oofi2, ooEoo, P, ^ co, 0. Anglo P : 0P = 76° 33' ; P : P = 63° 38*&'. 
00 P2 : 00 P2 = 65° 6*5' (Groth). . 

BBZHZTBOBlPBBimiAMnnB, Dificryl- 

amine (Gnehm, Ber. vii. 1399). — This compound is formed by heJiting diphenylamino, 
or mcthyl-diphcnylamine, with nitric acid as long as red vapours are given oflT ; in the 
latter case the methyl-group is removed by oxidation. The product is washed with 
water and crystallised from 'alcohol or glacial acetic acid, from the latter of which it 
separates in light yellow prisms molting at 233°-234°. It forms salts with bases. 
The barium salt^ C'"fl®BaN'0'*, crystallises in rhorabohedrons having a fine rod colour ; 
the ammonium salt forms red laminse. 

Hexnitrodiphcuylaminc constitutes the yellow dye known as * aurantia * (Gnehm, 
B&r. ix. 1246, 1567). i 
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BBXirXTBO-nrOSXTli. See Ikusite. 

BBXKITBO-ntJUnrXTB. See Mankite. 

• ^ 

BEXOXC ACXBS, C«n'W= C5H».CO*^H. Cainoie acvh.—Oi the eight possible 
modifications of this acid, five are at present known, vijp. : , 

(1) . XTormal Rezoic or Caproic, Pentyl-formic, Butyl-acetic orPropyl- 
Voplonlc Acid, CH^'.ClP.Cir'^.CmOir^.GOOII. Formed ITy saponification of 
normal pentyl cyanide, and found among the products of the butyric fermentation of 
sugar ; produced, also, together with other acids of the fatty series, by the oxidation 
of albuminous substances and of fatty jicids of higher atomic wciglit. Respecting its 
physical properties and those of its barium sjilt, calcium salt, and cthylic c^h w, see 
table (p. 378). kt is oxidised by nitric acid to jicetic and succinic acids (Krlenmeyer, 
Siegel a. Uelli. Her, vii. 69G). Respecting its conversion into normal valeric acid, see 
Va).kuio acids. 

(2) . Xsobezolc or Xsocaproic, Xsopentyl-formic, Xsobutyl-acetic, or 

Xsopropyl-proplonlc Acid, (CIl®)*CIT.C112.CI!*.CO'-II, is formed by saponification 
of isoperityl or amyl cyanide (from fermentation amyl alcohol) ; also by hydrogenation 
of pyrotorebic acid, namely by heating 2*5 to 3 grams of that acid to 180°- 

100° for six to eight hours with lo grams of hydriodic acid saturated at 0°, and O'/i 
gram of red phosphorus. The acid thus prepared agrees exactly in its properties with 
the caproic acid fnmi amyl cyanide; boiling a>f 199°-199-6° (mcroury-coluran wholly 
in the vapour), and remaining liquid at — 18°. Its calcium salt forms long colourless 
prisms haviTig the composition (C‘‘Jl*'0-)-Ca + 311^0, and not much more soluble in hot 
than in cold water. 100 parts of the solution saturated at 21'^ contain 4‘58 parts of 
anhydrous salt. The .sa//, (C®ll"02)‘-Ila + 11*0, crystallises less easily. 100 

parts of its solution saturated at 17*6° contain 19*11 parts, and at 22° the same quantity 
of solution contains 18'4 parts of the anhydrous salt (W. C. Williams, Ber. vi. 1098; 
Fittig a. Mielck, ibid, vii. 649 Miolck, JAchig^s AiinaUny clxxx. 45). , 

(3) and (4). Blethylacetlc Acid, (C^IP)^CII.CO^II, and Metbyl-lsopropyl- 
acetlo Acid, ^^p|cH.C0*H (A. Saytzelf, Rcr. xi. 611). Diethylacetic acid, 

obtained from the product of the action of potassium cyanide on diethyl-carbinyl 
iodide, is a colourless liquid boiling at 190'\ It has a pleasant odour, and is only 
slightly soluble in water. Sp. gr. at 18° « 0'919G. 

Mcthyl-isojproyylacetic acid^ obtained from the product of the action of potassium 
cyanide on methyl -isopropyl iodide, or amylcno hydriodido, closely resembles the pre- 
ceding acid. It boils at 193°, and its sp. gr. at 18° is 0-9279. 

The sp. gr. of cthylic di-ethylacetate (b. p. 161°) is 0-8686 at 18°, and that of cthylic 
methylpropylacetate (b. p. 153°) is 0-867 at the same temperature. 

The silver salts of these acids are deposited from hot satumted solution, on cooling, 
in needle-shaped crystals. Silver di-cthylacctatc is less soluble in cold, but more 
soluble in hot water than its isomcride. 

The barium salts are easily soluble in water and in alcohol. Barium di-cthylacciate 
is crystalline, but barium melhylpropylacctatc forms a thick syrup which dries to a 
gum-liko mass. The solubility of calcium di-cthylacctate in w'atcr increases willi the 
temperature. Calcium mcthylpropylaccfale is less soluble in hot than in cold water. 
The lead salts are very soft and easily fusible. 

The cine mils dissolve in alcohol ; they are more soluble in cold than in hot water. 
Ferric chloride forms a yellow precipitate with ammonium di-ethyiacctate, insoluble in 
excess, whilst with the mcthylpropylacctato it produces a flesh-coloured precipitate 
soluble in excess of the reagent. 

(6). Btliyl-dlmetliylacetlo Acid, (CTl®)-(C*IP)C.COOII (Wischnepadsky, 
Liebig's clxxiv. 66; clxxviii. 103). To prepare tin’s acid, etliyldimethyl- 

carbi'nyl iodide is heated with potassio-morcuric cyanide, and the product repeatedly 
fractionated by distillation, whereby tlio corresponding cyanide is obtained as a liquid, 
wdiich boils at 128°-130°, and solidifies in a mixture of snow' and salt ; and on heating 
tliis cyanide with fuming hydrochloric acid in S9.aled tubes for six days to 100°, and 
then for two days to 120°, ethyl-dim cthylncetic acid is jbt;nnod as a liquid which 
may I'o purified by drying and rcctificatiqji. The same acid is produced by oxidation 
of methyl-k.atapontyr ketone, CH*.CO.C(CH®)‘(G-H*), and ethyl-katapentyl ketone. 

Ethyl'dimethylacctic acid boils at 184°-186°, and solidifies in a freezing mixture 
to a laminated mass of slender needles melting at -14°. It is insoluble in water and 
has a faint fatty odour. Both in the free state and in its salts it resembles trimethyl- 
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acetic acid. The neutral soditm salt is very soluble and does not crystallise ; its 
solution, mixed with the free .icid, deposits a sparingly soluble acid salt in stellate 
^voups of needles. The barium sfiUf crystallises from an aqueous 

solution saturated at the boiling heat, as a laminar mass ; from a less concentrated 
hi'dutioi^ in largo transparent plates. It effloresces in dry air, dissolves easily in water, 
but is not easily wetted therety. It shows a tendency to the formatifui of super- 
saturated solutions, and gives off a portion of its acid when its solution is boiled. 
The calcium salt forms shining slender needles very soluble in waiter. The mci^ncsiu}(* 
salt is a gummy mass. The zinc saltf (C®H"0'“)*Zn, separates as a white bulky pre- 
• cipitato on mixing slightly warmed solutions of the sodium salt and /.inc sulphate, 
and erysttillises from solution in a large quantity of water by slow evaporation in 
transparent prisms. Its aqueous solution, saturated at ordinary temperatures (eon- ' 
taining 2*4 per cent, of anhydrous salt at 16®), becomca turbid ,'*vhen heated, and 
gradually stiffens, in consequence of the separation of a translucent basic salt, but 
becomes clear and fluid again on cooling. The silver saltf C®ll"0'Ag, is a white j^re- 
cipitate more soluble in hot than in cold water, and separates on cooling in sliMidor 
needles having a silky lustro; blackens slightly when exposed to light. ^ The /rat/ salt 
is a bulky precipitate which, when boiled with water and a small quantity of the free 
acid, yields slender needles of an acid salt. The coppir salt is obtained by precipita- 
tion as a greenish-blue powder ; it dissolves in alcoliol, and crystallises therefrom in 
dark green very efflorescent prisms. 

A trichlorhexoic rtciV, C'dPCl^V)* the exact constitution of w'hich is not known, 
is produced by the action of fuming nitric acid on hexyl chloral (p. 1036), the two 
liquids being kept in contact for twenty-four hours, and the j)roduet poured into about 
eight times its volume of water. The trichlorhexoic acid then separates as an oil 
wliicli solidifies after a time, and may be crystallised from a mixture of benzene and 
petroleum. The acid molts at 61®, and is almost insoluble in wutcr, but very soluble 
in alcohol, ether, and benzene, less so in petroleum. It is strongly acteil upon by 
zinc-dust in presence of >vator, and if hydrochloric acitj be then grailually added, the 
‘ surface of the zinc in the course of a foW days becomes covered with long, flat needles 
of a hcn/fniic acid, motamcric with hydrosorbic, pyrotorcbic, and othyl- 

crotonic acids. It melts at 39®, is iUniost insoluble in water, but very soluble in 
alcohol, ether, benzene, and petroleum (Pinner, Bcr. x, 1052). 

KSXTIL A&COHOMf Of these alcohols, seventeen are 

po.ssiblo and eight are known, viz., two primary, three secondary, and three 
tertiary. 

Prim'ahy. (1). Worxnal Hexyl Alcobol, CIP.CIP.CH* CIP.CIP.OIPOII, is 
obtained: 1. From the essential oil of Heracleum gigantcum, which contains hexyl 
butyrate (2 wc^ Snppl. 610). 2. Together with the secondary alcohol, mothyl-bulyl 

carbinol, by treating normal hexane, from American petrolonin, with chlorine, convert- 
ing the resulting mixture of primary and secondary hexyl chlorides into the corre- 
sponding acetates, and distilling the latter with potash. The mixed alcohols tlius 
obtained cannot be separated by distillation, but they yield -by oxidation the cor- 
responding products, viz,, normal caproic acid and methyl-butyl ket one (Sclilorlemmer, 
2wrf 8 u 2 )pL 645). 3. By the action of sodium-amalgam on normal caproic aldehyde 

(Liebcn a. Rossi, Annalm, ciLxisXn. 178; Lichen a. Jaiiecck, clxxxvii. 126). 

The following are the properties of thl hexyl alcohol prepared by the last process, 
and of some of its ethers, as determined by Lioben a. Janecek (compare 2nd Snppl. 
616). 



Alcohol 

Io«li(lc 

IJroinidc 

Chloride 

Etliyhite 

Boiling point . 
.Specific Gravity | 

1.57’2® 

at 740- 8 mm. 
0-833 at 0® 
0-8204 at 20° 
0-8^07 „ 40® 

181-4® 

at 746-8 mm. 
1-4607 at 0® 
,1-4363 „ 20® 
1-4178 „ 40® 

• 

155-6® 

at 743 8 mm. 
1-1935 at 0® 
1-1725 „ 20® 
1-1561 „ 40® 

133'’ 

134'>-i;{7° 


(2). ZBohexyl Albohol, CI^ClPy.CIP.CH'^.CH^OIT. This is probably tho 
constitul ion of the hexyl alcohol which Fagct obtained from fusel oil. B. p. about 
160°. Converted by oxidation into ordinary caproic acid. 
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Sbcondaky IIexyl Alcohols. 

(1). Mekliyl-butyl Carbinol, OII*.CHOn.(CIP)®CII®. ^‘Hexyl- Alcohol, — Tliis 
is Uio alcohol whoso iodide is produced by boiling mannito or dulcito with higlily 
C()iiconti’uto<l hydriodic acid (iii. 151). It is likewise ootiiincd, as already dc.'/erihtjd 
1034), from tlic mixture of chlorides produced by the action of chlorine on pelrolcuni 
ISxano. The alcohol boils at 137°, the iodide at ]G7'5 (bar. *at 752 inm.); the 
chloride at about 120° (Wanklyn a. Erlcnmoycr); 122°-124° (Morgan). 

1 ON 

Mcthyl-huiyl Thiocyanate^ or ^-llexyl llmcyanate^ S | ^Q 6 |pi 3 » is prepared by 

boiling equal parts of the alcohol and potassium thiocyanate — the latter dissolvxl in 
tho smallest possible quantity of ethyl alcohol — for an hour on the water-bath in a 
rcllux-apparatus, When precipitated by water, dried, and rectified, it forms a liquid 
boiling at 20G°-2()7'5° and ha\nng an alliaceous odour. 

! CS 

tained by boiling i3-hexylaininc with ethyl alcohol and carbon disulphide, evaporaling 
off tho alcohol, and heating tho residue with solution of mercuric chloride. It is a 
colourless liquid, having a speeilic gravity :-0d)253, and boiling at 197'^-! 98°. 
When hf!ated with strong sulphuric acid it is reconverted into the amine, with separa- 
tion of sulphur (Uppenkiiinp, Ufr. viii. 55). • 

5. Met^yl-katabutyl Carbinol, or Plnacolyl Alcohol, Ci I ^.CI 1 01 r.C'(CJl 

formed by the action of nascent hydrogen on the corresponding ketone (pinacolin\ 
is a liquid having a density of 0‘8317 at 0°, boiling at 120*5°, ujid solidifying at 
low tcmpcratur(!.s to a mass of long silky needles, which melts jit -i- 4°. lly oxi- 
dation with chromic acid mixl are it yields the ketone. Secj further 2nd Snpjd. 982, 
where, this alcohol is formulated as a tertiary alcohol, dimethyl- isopropyl carbinol, 
(CI1«)’(30H— CJI(OIP)-*. . ^ ^ . 

Etbyl-propyl Carbinol, C-ir’.CTTOII.OTP, is formed: a. By tho action of 
nascent liydrogeii (water and sodium-araalgain) on ethyl-propyl ketone, prepared by 
distilling a mixture of l)utyrate and prophuKito of calcium (0. Volkcr, Jkr, viii. 1019). 
jS. Th(5 corresponding iodide is obtained by the action of hydriodic acid on diethylic 
ethyl oxide or ethyl-propyl-carbinyl ethylate (p. 746) : 

C“H'*.cii(ocnp).cnp + 2 HI = c^Hs.ciii.cnp + mo + C=IPI. 

Tho iodide is then coiivortcd into the acetafe, and the acetate by saponification into tho 
alcohol (Liobeii, Lichiys Annalcn, clxxxviii. 1). 

Ethyl-propyl ke tone is a liquid boiling beUvecn 134*5° and 135'5° (corr.), and 
having a density of 0*8335 at 0°. Ey oxidation with chromic acid it is converted into 
propionic acid (Volker). 

Tkhtiahy IIexyl Alcohols. 

Dimethyl-propyl, uiid Dimethyl-Isopropyl Carbinol, ure 

obtained by treating butyryl and isf/luityryl chloride respectively witli zinc-methyl, 
and decomposing the resulting chloride with water : 

C^H^COCl + Zn(CH=»)2 = ZnO + (CIP)=(C»n‘)(l.Cl 
and 

(CIP)‘(C“H’)C.C1 + HOH = HCl + (CIP)’(CW)C.OII. 

Dimcthyl-prapyl Carbinol, obtained in this manner by IhitloroAV, is a liquid re- 
sembling tertiary butyl alcohol; rather viscid; lighter thun water, and somewhat 
soluble therein ; having an alcoholic and camphorous odour ; boiling at 115° (Butlcrow), 
between 122*5° and 123*5° (JawTin, /fiVA/y’s Aminlcn, cxciv. 254); not solidifying 
in a freezing mixture ; oxidised by chromic aci(^mixturo to acetic and propionic acid. 
Tho corresponding chloride is a liquid having a disagreeable odour, and boiling, with 
decomposition, at 100°, ^ 

f 011*1?* ) 

Limethyl-isopropyl Carbinol, drying with baryta, distils 

over for tho most part at 112°-113° (Prianichnikow) ; at 117° (Pawlow). It is a 
colourless liquid, having a camphorous odour, perceptibly soluble in water, becoming 
viscid at ^ 20°, and solidifying at — 35°, in long, slender, white needles having a 
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silky lustre. Sp. gr. = 0*8364 at 0°. Its expansion-coefficient for one degree between 
0° and 60° is 0*00099. By oxidation with chromic acid mixture it yields acetone 
and a small quantity of acetic acid (PHanichnikow, Bull. Soc. Chim. [2], xvi. 303). 

Priedol a. Silva regard pinac61yl alcohol {2nd SuppL 982) as dimethyl-isopropyl 
carbiiiol ; but pinacolyl alcohol boils at 120*5°, and melts at -i- 4°, whereas dimethyl- 
isopropyl carbinol boils at li2°-113°, and does not solidify till cooled to —36°. 
Moreover the mode of formation of pinacolyl alcohol, by the action of nascent hydro- 
gen on pinacolin, which is a ketonic body, and its reconversion into that body ^'7 
oxidation, show that it has the constitution of a secondary alcohol. 

XWCetliyl-dletliyl Carbinol, (GIP)(C‘*IP)'.C01I, is obtained by acting on acetyl 
chloride, CH“C()C1, witli zinc-othyl, and treating the product with water. It boils at^ 
1 20°; and yields by oxidation nothing but acetic acid. The corresponding chlorido 
boils at 110°. 

On the relations between the constitution of Hexyl Alcohols and their Boiling 
points, see Heat (p. 946). 

KXSXTX 1 CHI.ORAI, G"IPCPO = CHPCRCHO (Pinner, Bcr. x. 1052). This 
compound is sepnrated by fractional distillation from the higher-boiling portions of 
crude butyl chloral (p. 50). It lias a peculiar odour ; distils undecoinposcd between 
212° and 214°; is insoluljlc in water, but dissolves in alcohol, ether, and benzene. It 
docs not unite either with water or witli hydrocj'anic acid. Its physiological action 
appears to lie but feeble. Alkalis decompose it, producing a formate, a chloride, and 
a dichloropentylene : 

G«IPGK) + 2NaOII = GHI^Cl- + NaCl + NaCHO- + IV 0. 

Nitric acid converts it into a trichlorocaproic acid (p. H)34). 

HEXYASWESi On the hexylenes obtained by decomposition of tho 

hexyl chlorides Jrom normal hexane, see Morgan (p. 1030). 

Mannite lUexyleite . — This modification is obtaincfl by the action of potash on 
the hexyl iodide prepared by l.ioiling mannite with concentrated hydriodic acid (iii. 
162). It boils at 68°-70°. When oxidised by chromic acid it yiehls normal but 3 Tic, 
acetic, and carbonic acitis ; and the same products are obtained by oxidation of the 
corresponding glycol. This result shows that mannite hexylene has the const itution 
of propyl-rnethyl-ethylon e * 

CH.CIP 

II + = Gfl^.GOOII + GIP.CH2.C1P.COOH. 

CH.ClP.OrP.ClP 

The carbonic acid is produced by further oxidation of a portion of tho butyric acitl 
(0. Hecht, Bcr. xi. 1152, 1154). 

Tho dihromidc^ C*ll‘“Br*, prepared by dropping bromine into this h(‘xyleno cooled 
to —17°, and purified by washing, first with dilute aqueous potash, then with water, 
and subsequent drying and rectification (whereby it is partly decomposed), is a faintly 
yellow liquid, having a density of 1*6058 .at 0°, and 1*6809 a;t 19°, and boiling at 
195°-197° under a pressure of 739*5 mm. 

Monohromkexyhne, C“H“Br, prepared by dropping bromine into tho dibromide 
warmed in a vessel with ascending condenser, pouring thi‘ resulting distillate into 
water, and collecrting the oil which sinks to the bottom, is, after drying and rectifica- 
tion, a .‘^lightly yellowish liquid having a density of 1*2205 at 0°, and 1*2025 at 15°, 
and boiling at 140°-141° (TIecht a. »Strauss, lAebvJs Annulcn^ clxxii. 62). 

A hexylene boiling .at ()6°-68°, doubtless identical witli that just described, is 
obtained as a secondary product in tho preparation of dictliylic ethyl oxide, or methyl- 
prop}*! ethylate (p. 746). 

Bezylencs from Tertiary Bexyl Alcobols (.Jawein, Liehiys Annahni, cxcv. 
263-264). 1. Tctramethy l-elhylenCj C-(G1T'*)*. — This compound is formed by the 

a*tion of alcoholic potash on dimethyl-isopropyl-carbinyl iodide, in tho manner shown 
l>v the following equation : 

HG(CIP)* ^ G(Cn7-' 

I + KOII =11 + KI + IPO. 

ic(crr»)* ^ G(C]P)2 

It boils at 73 °, and unites directly with bromine, forming a solid dilmmide, G*fI**BP, 
'which dissolves in alcohol, ether, and benzene. Tlio ethereal solution deposits it in 
long needles, which melt with partial decomposition at 140°. Tho hydriodub^ 
Cli'*.!!!, boils at 140° and solidifies at -22°. The hydrochhndc, G«Il>«.ilCl, boils 
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ftt 112® and solidiflos at —14°. Totramcthyl-ethylono is completely oxidised to 
acetone by a 10 per cent, solution of chromic acid. Sulphuric acid at 60° converts 
it into a di hexylene, C'W. , j 

PinacoHey C"J1"0*, is probably tetramethyl-ethyleno glycol, C*(CH^)\H“0®, inas- 
much as piiiacono-hydrate is formed by the action of baryta on the other obtained by 
treating tetramcthyl-ethylone bromide with silver nitralo (Pawlow, Bcr. xi. OlJ). 

2. E t h y 1-d i m e t h y 1-e t h y 1 0 n 0 , C*1I(CH*)2(C2H®). Of this, hexylene there are 
Rro modifications, viz. : a. Having its two methyl-groups attached to the same car- 
bon-atoms. 3. Having these groups attached to diflferent carbon-atoms. 

a. This hexylene is obtained by the action of alcoholic potash on dimethyl-propyl- 
carbinyl iodide : 

HCH.CTP GH.CHP 

I - HI = II 
IC(G1P)2 C(GIP)= 

When purified by boiling with sodium and subsequent fractional distillation, it 
boils at 65®-67°, and has a density of 0702 at 0®, 0*687 at 19°. Coefficient of ex- 
pansion for 1 d('grce = 0'()017. Hy oxidation with chromic acid it yields chiefly acetic 
acid, propionic acid, and iicetono. 

jS. The ethyl-dimothyl-etliylcne, having its two methyl-groups attached to 
diffiTcnt carbon-atoms, is obtained in like manner from ethyl-di methyl- carbinyl 
iodide : • 

HCH.CIP CH(CIP) 

* I - HI - II 

IC(OH^)(C=H‘) C(OH»)(0’'JH) 

This hydrocarbon, first obtained by Tsohaikow'sky, and further examined by Jawein, 
boils at 69'o '-7P (bar. 760 niin« at 0°), and has a density of 071*2 at 0°; 0*698 
at 19°. Expansion-coefficicait, for 1° 0*00116, Ily oxi(!ation with chromic acid, 

whicli takes place very slowly - a portion (T tKc hydrocarbonl-emaining unaltered even ' 
after several months contact with the acid uj ordinary temperatures — it is converted 
into acetic acid, together with a small quantity of a ketone, probably methyl-ethyl 
ketone. 

Polymerisation of Ilcxylencs- polymerisation of the two ethyl-dimethyl- 
cthylenes above described is best effected by agitating 1 volume of the hexylene 
with somewhat more than 2 volumes of a mixture of {SO 'IP (2 pts.) and water (1 pt.), 
the vessel being iiuinerscd in a inixtiire of ice and salt, and the agitation continued 
till the whole of the hoxyleno is dissolved. On subsequently exposing tlio solution to 
the temperature of the air, an oily layer separated on the surface, of smaller volume 
than the luixyleiio employed. This layer was .separated, purified by boiling with 
metallic sodium, and subjected to fractional ili.stillation. The vapour-densities of the 
condensation-products thus obtained show*odt.hcm to be dihexylones. 

a-Kthyl-dimethyl-othylcne, G'-’H^CH— -G(GIP)-, yieldctl a dihexylene boiling at 
193°-197°, and having a density of 0*795 at 0°, 0*780 at 19°. Expansion-coeflicieiit 
for I'^ - O 00005. 

j3-Kthyl-dimethyl-ethylene, C1P.GH~G(CIP)(C-1P), yielded a dihexylene boiling 
at 196° -199°, and having a density of 0*809 at 0° ; 0*798 at 19°. Expansion-coeffi- 
cient for 1°= 0*00080. 

BZPPUaxc ACID, C»TPNO» = CIP.Nir(GHPO).C()OH. ^Somo of the deriva- 
tives of this acid have been oxarnined by W. Conrad {J. -yr. Chnm. (2],xv. 241-260). 
He finds that ethyl hippuratc rnelt.s at 60*5°, and distils, with partial decomposition, 
at temporaturc.s above 180°; according to Stenhouso (iii. 162), it melts at 44°. 
Methyl hippuratc melts at 80*5°, and cannot bo distilled at all (molts at 60°, and de- 
composes at 250°, Stenhouse). JUpjMramidCy GlP.NH(C'nH)).G()NH*, formed by the 
action of ammonia on either of these ethers, melts at 183°. It is a weak base, and 
forms a crystalline hydrochloride. 

The conversion of hippiiric into hcmoylymllic acidy Gir".0(C^II®0).C00H, is 
most readily effected by the action of alkalino hypoelilorites. Jlcnzoglycollic acid 
forms crystals molting at almost exactly the same temperatnro as benzoic acid (120°). 

Nitrohippiiric anid, C“TP(NO'-)NO*, melts at 162° (attt,boiit 150°, Stonbouse), and 
is resolved by heating with fuming liydrdbliloric acid into glycocine and metanitro- 
bonzoic acid (in. p. 141®-142°). 

Amidohippurtc add, C”IP(N]r-)NO*, molts at 194°, forms crystallisablo salts, 
and is resolved by boating with liydrochloric acid into glycocine and mctaniidobenzoic 
acid (m. p. 165°). 
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Diazohippuric add^ C®H’N*0*, formed by the action of nitrous acid on amido- 
hippuric acid, is converted by boiling with dilute sulphuric acid into oxyhippurio add^ 
jCJ"H“NO‘ (Griess, Is^ Stippl. 701) ; and this when boiled with strong hydrochloric 
acid is resolved into glycocineand mcta-oxybcnzoic acid melting at (Conrad), 

Fc^Tmatlon of Blppurtf Acid in fbe Animal Organism. A. Hoffmann 
(Chem, Centr. 1877» 409) finds from experiments on himself that, after the introduc- 
tion of benzoic acid jnto tlie human organism, neither benzoic nor hippuric acid occurs w: 
the perspiration. In one experiment in which benzoic acid alone was taken, that acid 
was found in the urine in addition to hippuric acid ; whereas in another experiment, 
in which benzoic acid and glycocine wore taken, no benzoic acid, but only hippuric 
acid, was detected in the urine, indicating that a combination of the benzoic acid with . 
the giycocine had taken place. Experiments wore also made by passing through fresh 
kidney removed from the body, dofibrinated blood containing alaniilo, (C*1PN()=) — in 
addition to benzoic acid — whereby an acid (perhaps alanine-hippuric acid) -was obUiined 
in largo white needles very different in appearance from the crystals of hippuric acid. 
Two experiments in which leucine and benzoic acid were passed together through the 
kidney, showed that either these bodies do not combine in the kidneys, or that the 
compound formed is decomposed by the treatment required for its seiiaration. 
further experiments showed that no liippuric acid was formed, when blood contcairiing 
benzoic acid and glycocine and having its oxygen replaced by carbon oxide, was passed 
through a kidney removed from the body; but that the kidney, after blood satumtod 
wdth carbon oxide had boon passed thumgh it for two hours, still possessed the pow('r 
of forming hippuric acid from benzoic acid and glycocine when they were dissolvcjd in 
oxygenated blood. A kidnej^ removed from the botly, and poisoned by p?:ssing blood 
containing qiiiniiio through it, showed little or no power of inducing the formation of 
hippuric acid i'rom benzoic acid and glycocine; hciico it would appear that this i)ower 
is essentially a function of the living kidney. 

The urine of dogs fed exclusively on animal food is generally suppo.sed to contain 
little or no hippuric acid ; acccording to Salkowski, however (Bcr, xi. 600), such urine 
always contains a small quantity of tlupL acid, not exceeding 1 part of hippuric acid 
to 129 parts of urea. 

Formation of Kippuric acid in Ilerbivora . — Experiments on the formation of 
this acid in tho organisms of herbivorous animals fed on different kinds of fodder 
have been made by Wei.sko, Kellner a. Wienand (Chem. Centr, 1876, 622, 536). The 
copious excretion of hippuric acid observed in animals fed on meadow-hay is duo to 
tho herbs mixed with the grass. Addition of common salt to the hay produces in tho 
sheep a slight increase in the excretion of hippuric acid ; addition of wheat, beans, or 
potatoes to tho hay is followed by diminislicd excretion of hippuric acid, licnzoic 
acid abided to the hay is almost wholly converted into hippuric acid ; when, on tho 
other hand, salicylic acid is mixed with tho fodder, only a portion of it appears as 
salicyluric acid, the rest being excreted unjiltercd. When sheep were fed with peas, 
wheat, or oats, or with pea-straw, bean-straw, or unpeelcd potatoes, no hippuric acid 
was found in their urine, but feeding with wheat or oat-straw was followed by ex- 
cretion of that acid. AVhen tho animals wore fed with incadiw hay which had been 
treated with dilute sulphuric acid (I*26 per cent.), no liippuric acid was formed, and 
feeding with hay which had been macerated in pota.sh- ley (1*25 per cent.), led to a 
diminished excretion of hippuric acid. ITofmcist(?r, on tlio oilier hand, found that tho 
treatment of hay with boiling water did not interfere with its property of forming 
hippuric acid, but that this property was completely destroyed by alcohol and by 
boiling potash solution of the strength of 3 per cent. {2ud Siippl. G17). Hence it may 
be inferred that the substance which gives rise to the formation of hippuric acid in 
tho bodies of herbivorous animals is insoluble in boiling water, partially soluble in 
solution of potash (1*25 per cent.), and completely soluble in dilute sulphuric acid 
(1’25 per cent.), as well as in boiling .alcohol and in boiling potash-solution of 3 per 
cent. Benzoic acid, added to tho l^esins or potJitocs witli which tho animals were fed, 
passed off unaltered, even when glycocine was likcwi.so .added to the fodder, but 
liippuric acid, added to beans or potatoes, was decomposed in tho body. 

For tho numerical results obtained in these experiments, see Zeiischrift f. Bioloyie, 
xii. 241-265; Chem, Soc. J. 1877, i. J17-220. 

BOMZXiZTB. A minc|al occurring, together with ordmannite and melinophane, 
at Stockoe near Brevig in Norway. Tift crystals, according to Nordenskiold’s 
measurement, .are monoclinic, but tho angle of the inclined .axes differs so little from 
90° that they may bo very nearly represented ,as orthorhombic, with the axial ratio 
a I hi c = 0*6362 I 1 : 06473. Observed faces -aoPoo. ooP, oof 2, P, f2, f oo. Anglo 
ooP: ooP2 = 160°48'; ooP2 : oof2 = 103^ 41'; ooP2 : t oo = 116° 18'; f<»:P=. 
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116® (nearly) ; oo P : P * 139° 53'. Colour black to brownish-black. Lustre resinous 
to vitreous. Slightly transparent in thin fragments. Hardness = 6-5. Sp. gr. = 3-28. 
Fuses easily to a bliick glass ; is readily decomposed by hydrochloric acid. Its analysis 
gave : i. 

Loss ou 

SiO* B*0» A1»0» Fe’0» l^eO CaO MgO Na“0 K“0 ignition 

31-876 18-085 1-60 2-145 16-25 27*275 0-5^ 1*09 0*41 0-41 = 99-56. 


%hesc numbers (after deducting Fo^O*) lead to the formula (CaO.FeO)®.2SiO'-'.B2()3. 

Homilito is very nearly related, both in form and in composition, to datolito 
(Paijkull, Jahrb.f. Min. 1877, 636). 


^ HOMOCZITGKOXa'ZWS,^ This, according to Hess (Ber. x. 2157), 

is the true composition of the base called ‘ cinchonine * by Skraup (p. 481). 

BOIMEOCRBATllTB, C*II"N*0^ This base is formed by prolonged contact of 
the concontratod aqueous solutions of a-mcthylamidopropionic acid and cyanamide, in 
prosonco of a small quantity of ammonia : 


C^H-(NH.CIP).COOH + CN.NH^ = CO<™;cO.(?H^NH.CH»)- 
It crystjilliscs in monoclinic prisms, sparingly soluble in cold water and alcohol, easily 
in hot w^ater, and turning brown at 150°-160°. The hydrochloriflo cryst.-illises in 
needles, and forms doublo salts with zinc chloride and platinic chloride, the latter 
crystallising in octohedrons. llomocreatine, boiled with baryta-water, is decomposed, 
with evolution of ammonia (Lindenberg, J. pr. Cheni. [2], xii, 244). 

BOXaobzMBTHYBPBOTOCATBCHVZC or BOMOVBRATRXC 
ACZD. See VjonATitic acid. 

HOMO-OXYBBBZOZC ACIDS and AXBBHYDB8. See Oxytoluic acids 
and Aldkiiydks. 


HOMOPROTOCATECKUZG ACZD.^ See Vaniolio ACID. ' 

BOMOSABZCYXiZC ACZD and ABDBRYDB. See Oxytoluic acids and 
Aldmuydes. ** 

ROMOTBRBPBTBADZC ACZD. See TEREPiiTnALic acid. 
XOPKOVERATRZG ACZD. Sec Veratuic acid. 

HOMOVABTZDDZG ACZD and VARZUZR. Sco Vanillic acid and 
Vanillin. 


HOBBY. The following analyses of honey from various sources are given by 
J. C. Brown {Analyst, 1878, 267) : 



England 

Wales 

Nor- 

niandy 

tlrr- 

inaiiy 

o 

Lisbon 

J.amaica 

Cali- 

foraiii 

Mexico 

Water expelled at 
100°. 

19-10 

16-40 

16-50 

19-11 

19-80 

18-SO 

19- 16 

17-00 

18-47 

Water expelled at 
a high tempera- 
Uiro and loss . 

7-60 

6-56 

9 

4-96 

* 

11-00 

7-80 

6-66 

7*68 

8-13 

1003 

Luivulosji 

36-60 

37-20 

36-88 

33-U 

40-00 

37*26 

r)«-19 

37’85 

36-96 

Dextrose 

36-65 

30-70 

42-60 

36-68 

32-20 

31-94 

35-21 

36-01 

36-47 

Cane-sugnr (?) | 

doubt- 

ful 

i- 

— 

— 

— 

1-20 

2-20 

-! 

doubt- 

ful 

Wax, pollen, and 







I 

insoluhlo matter 

trace 

traces 

trace 

tracer 

()-05 

1-00 

2-10 

trace 

trace 

Mineral matter . 

0-16 

0-14 

0-17 

0-17 

0 15 

0-14 

0-26 

! 

O-ll 

0-07 


Tho sp. gr. of honey is about 1-41, but varies slightly with the proportion of 
water. * 

A solution of 16*26 grams of crude honey in 100 c.c. waf er produces a deviation of 
— 3*2° to —6° at 60'^ F. Greek honey produces a deviation of —6*6°. Tho same 
weight of dried honey in 100 c.c. water gives a deviation of about —4*8°. 

• On page 489 of this Supplement, line 7, for ‘ ITomocinchonino ’ read ‘Homodnehonidme.’ 
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Brienmeyor a. von Phinta (N’. Rep» Vharm, xxiii. 610) also found the amount of 
Trater in six samples of honey to vary between 17'5 and 19’5 per cent. Senegal honey 
pontained 2o’6 per cent, water, and the amount of phosphoric acid (reckoned on the 
dry substfince) was found to v/iry between 0-012I1 and 0*883. The nectar of the 
flowers of Fritillaria imperialis contains nitrogen but no albumin, also phosphoric 
acid iiEd a large quantity of gtininy substances. 

HOPS. Co7)iposition. — The following results, obtained from various samples o( 
hops by extraction'' with ether, have been published by E. Porter (Analyst, 187S, 
176). F denotes fine, M medium, L low quality : 


1. 

Worcester, F 

Moisture 
per cent. 

. 4*02 

Oil, resin, 
and bitter 
principle 
per cent. 
14*98 

I 7. Havnria, M 

Moisture 

pe;*cent. 

9*97 

Oil, reain, 
and bitter 
principle 
per cent. 
13*08 

2. 

Spalt, F 

. 6*96 

14*08 

j 8. American, M 

7-87 

12*63 

3. 

East Kent, F 

. 6*15 

13*60 1 

! 9. Sussex, L 

8*55 

9*95 

4. 

Worcester, M 

. 8*10 

13*35 

10. Sussex, L 

9*87 

9-23 

6. 

Kent, M 

. 8*20 

13-27 I 

11. Foperingho, L 

10*25 

9-25 

6. 

Sussex, M . 

. 7*05 

11*75 

1 12. Worcester, L 

9*20 

8-80 


The ethereal residues from Nos. 1, 2, and 3 had a golden tint, all the others were 
of a greenish hue. 

The tannin in hops is said to vary between 2 and 4*5 per cent. A good percentoge 
of tannin doubtless increases the value of hops, as the tannin precipitates the 
mucilaginous matter in the beer ; but the value depends mainly on the oil, resin, &c. 

On the Tannin and Bitter Principle of Hops, see 0. Etti (Dingl. pol, J, ccxxviii. 
491 ; Oiem. Soc. Jour, xxxiv. 797). 

Basic Constituents of Hops (Griessmayer, Dingl. pol. J. ccxii. 67). — When the 
aqueous extract of hops is distilled w'ith lime or calcined magnesia, and the distillate, 
which smells of ainraonifi and trimethyl miine, is neutralised with hydrochloric acid, 
evaporated to dryness on the water-bath, and exhausted with alcohol, ammonium 
chloride remains undiss()lvod, and the alcoholic .solution, when evaporated, yields 
crystals of trimethylamine hydrochloride. On rendering the mother-liquor alkaline 
with potash, shaking it up with ether, and leaving the etluTcal solution at the ordinary 
temperature in a shallow dish till the ether and the still remaining trimethylamino 
have evaporated, an alkaline residue is obtiiined w hich smells like coninc, has a cooling 
not bitter taste, and exhibits the following reactions : Platinic chloride, after addition 
of alcohol and ether, product s a grc( iii.sh-yellow precipitate ; strong sulphuric acid and 
'poiassium chromate, a violet coloration ; fuming nitric acid, a yellow colour, soon 
becoming green and dark-green, bluish on the edges, and the liqui<l after a short time 
becoming colourless ; tamiic acid, .silver nitrate, Fehling's solution, and mercuric 
chloride, white precipitates ; auric chloride, a white precipitate soluble in hydrochloric 
acid ; iodine, solution a brown, hromine a sulphur- yellow precipitate changing to or:ingo 
and brown ; phosphotungstic acid, a bulky yellow precipitate ; NessU^^s reagent pro- 
duces the ammonia reaction. These reactions are attributed by Griessmayer to the 
presence of an alkaloid, w’hich ho designates as lupu’line. 

Sulphuring of Hops. — According to A. Schwarz (Jahresh. f. Chem. 187*'), 1133), 
American hops are always sulphured. The effeift of this operation is to alter the 
character of the essential oil, and render the re.sin less soluble in the beer- wort. Hence 
American beers deposit but very little resin during fermentation, and clarify but 
slowly. 

To detect sulphurous acid in hops, Griessmayer (Dingl. pol. J. ceix. 227) a<lds to 
the filtered hop-extract a small quantity of .sodium-amalgam and a few drops of 
hydrochloric acid, whereby, if the hop.s have been sulphured, hydrogen sulphide will 
])e produced, and may bo detected hy lead-paper. According to A. Vogel (ibid. eexv. 
283), this reaction, which may likewise bo produced with zinc and hydrochloric acid, 
may lead to erroneous conclusions regjxrding the sulphuration of hops, inasmucli as a 
largo number of dried vegetalde matters, for example mallow-leaves, lime-loaves, and 
many kinds of lupin, also give off hydrogen .sulphide when treated with zinc and 
hydrochloric acid. With sodium-amalgam, however, thc.so vegetable substances 
exhibit this reaction in a lolv'er degree only, so that for the purpose in questiouit is 
more likely to give correct indications than '/inc and hydrochloric acid. 

HORBAGRZTa. According to A. Knop (Jahrlmch f, Min. 1873, 620), the 
nickel ore occurring in irregular lnmp.s in the serpen tinised gnei.ss of Ilorbach in tint 
Schwarzwald, and hitherto regarded as a nickcliferous magnetic pyrites, has partly 
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the composition 4Fe®S®.Ni*S*. That other ores of this locality have a different com- 
position is shown by an older analysis by Rammelsberg (Pogg, Ann. exxi. 360) ; analysis 
6 below. Analyses 1 — 4 are by G. Wagner. The varies required by Knop’s formuli^ 
are given under 5. Sp. gr. of horbachito «4*13 ; of magnetic pyrites from llorbaeh 


= 4*7. 




• 


9 


1 

2 

8 

4 

5 

a 

S . 

. 15*87 

46*07 

45*68 

— 

45*9 

40*03 

^ Fo . 

. 41*94 

41*62 

42*15 

42*13 

42*8 

55*96 

Ni. 

. 11-52 

12*44 

— 

— 

11*2 

3*86 

Total . 

. 99-33 

100*13 

— 

— 

99*9 

99*85 


HORW. The •composition of horn has been studied by 11. Weisko (Landw. 
Versnehs- Stafionen, xx . A piece of stag’s horn placed in water at the ordinary 
temporatnro imparts to tlie liquid after some time a deep rod colour. The horn of 
( ho roebuck, however, does not produce this coloration. On evaporating the liquid 
to dryness, the colour changes t o brown, and the dried residue, after treatment with 
common salt and acetic acid, shows under the microscope numerous crystals of hsemin. 
The dried extract contains 79*9 per cent, organic matter and 20*1 asli. 

TJie ash consists of — 

K^O Na"() (’aO RffrO FtrO* I’^O* CO’ SO’ Cl 

5-80 16*24 27*77 2*18 2*20 7*78 * 27*40 3*37 8*33 = 101*12. 

To determtoo the amount of exl raetablo matter, the powdered horn was digested 
first in ether and afterwards in water, and the extracts filteroil, evaporated to dryness, 
and weighed. The following results were thus detained : — 

staff’s lioni Roebuck’s horn 

Extracted by ether .... 0*26 per cent. 0*19 per cent. 

„ water . . .5*26 „ • 4*55' „ 

The rcsidutj loft, aft<'r extracting the other nfid water, consisted of — 

Stag’s horn ’ Roebuck’s horn 

Organic matter 36*32 per cent. 36*78 per cent. 

Ash 63*68 „ 63*22 

The ash (allowing for carbonic acid expelled by hurtling) showed the following 
composition : — 

Stag’s horn Roebuck’s horn 

Lime 51*02 per cent. Sl ol per cent. 

Magnesia 1*32 „ 1*28 „ 

Phosphoric acid 39*31 „ 39*08 „ 

Carbonic acid 4*60 „ 4*88 „ 

The spongy part of thr stjig’s horn amounts to about 24*94 per cent, of the total. 
An analysis of each part gave the following results : — 

Si)ongy part Haul part 

Extracted by oil lor .... 0*37 per cent. 0*11 percent. 

„ water . . . * . 6*88 * „ 3*51 „ 

Tlio residue left, after extraction with other and water, consisted oY — 


Spongy part Hanl part 

Organic matter 49*89 per cent. 42*31 per cent. 

Ash 50*11 „ 57*69 

The ash contained — 

Lime 6V63 per cent. 51*58 per cent. 

Magnesia 1*32 „ 1*33 „ 

Phosphoric acid 39*43 ^ „ 39*79 „ 

Carbonic acid 4*26 „ 4*03 „ 

I 


For this examination a piece was cut from the middle of a largo horn, whereas 
for the former analyses a complete antler was taken in each case, which may account 
for the diflferonce in the porcentago of ash. The proiiortion of ash to organic matter 
varies within certain limits, but the ash itself always shows very nearly the same 
composition. 

ird Sup. 3 y 
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BOSWB&BirBlI and AUOITB. G. vom Bath {Pogg. Ann. Ergwzungsbd. 
vi. 229; Jahrh. f. Min. 1876, 201) has analysed ci^stals of hornblende and augito 
sibnned by sublimation in blocks ejected from Vesuvius. No. 1 is yellow augite from 
a block thrown out in the eruption of 1872 ; 2 and 3 aro from a block ejected in 1822 ; 
they ^exhibit all the characters of simultaneous formation, and are intergrown in 
parallel position. 4 is from a block of leucitophyr, probably of prehistoric origin. 



1. Yellow Augit.;. 

2. 

Green Augite. 3. 

Brown Hornblende. 

4. Black Hornblende. 

1. 

SiO» 

53*2 

A1>0« 

1-5 

Fo’0» 

FcO 

2*3 

CaO 

23-4 

MgO 

19*3 

Na*0 

Loss by 
ignition 

0-2 =1 

99*9 

/ 

Sp. gr. 
3*233 

2. 

48*4 

5-6 

— 

9*5 

22*9 

13*7 

— 

0-3 

100*4 

3-262 

3. 

41*7 

8-3 

14-7 

— 

14*5 

16-5 

4*1 

0-2* - 

100 

3*112 

4. 

41*7 

9*5 

17-7 

— 

13*4 

13*4 

4*0 

0*3* = 

100 

3*236 


Vom Bath has also analysed augite (1) and hornblende (2) intimately intergrown 
n an augitic labrador-rock on Monte Monzoni {Zeitschr. geol. Ges. xxvii. 361). 


aio* 

A1*0* 

CaO 

MgO FeO 


Sp. gr. 

(1). 49-60 

4-16 

21*86 

14*42 9*82 = 

99-86 

3*317 

(2). 49-26 

5-83 

13*03 

13*13 16*97 = 

98-21 

3*112 

The following are analyses by E. E. Schmid {Jahrb. f. Min. 
blendes from the diorite of the Ehrenbcrg near Ilmonau. 

1876, 566) of horn- 

SiO* 

TiO* 

A1»0* Fo"0* 

CaO MgO 

H*0 


43*26 

0-82 

12*18 16*44 

10*93 10-84 

2*57 = 

97*04 

46*35 

0-45 

19-07 13*10 

10*39 4-19 

2*63' = 

96*08 

43*19 

0-55 

19*55 19-03 - 

11*69 2*62 

3*18 = 

99-81 

46-07 

trace 

19-89 12*93 

10*69 5*00 

1*63 = 

96*11 

Specimens 
by analysis : 

of the diorite rich in hornblende — so-called ‘ Ilornblonde slate ’—gave 

SiO» TiO* 

Al^G* 

Po’O* CaO 

MgO ’ Na“0 K*0 

ll>0 


47*26 0-30 

14-26 

16*40 €i98 

7*87 " 3-00 

0-37 

= 99*44 

52-37 0-59 

15*55 

14*60 8*21 

6*12 2*45 0*13 

i 1-07 

- 100-09 


Varieties of Hornhlende . — Ac tin elite. 1. From the bod of magnetic iron ore of 
the Tilley-Foster mine, Putnam County, New York (Breidenbaugh. >SV//. Am. J. [3 ], 
vi. 25). 2. Badio-fibrous actinolite, from Felling, near (Jfiihl in Austria. Sp. gp. 
=s2‘99 (Egger, Min. Mitth. 1874,243). 3. Fibrous dichromatic actinolite from Lo 
Sello Monzoni. Sp. gr. =:2*71 (Jolni, Verh. gcol. Heichsanst, 1875, 304). 


SiO» 

A1*0’ 

Fc*0* 

FeO 

MnO 

MgO 

CaO 

K»0 

Na»0 

n»o 


67*44 

]-l3 

— 

4*33 

0-15 

22-59 

13*29 

trace 

trace 

1*52 = 

100*45 

56*88 

1*36 

0*48 

3*26 

trace 

26-43 

12*35 

— 

— 

— 

100*76 

63-82 

1*28 

1*53 

11*54 

trace 

18*07 

10*33 

0-30 

1*01 

2*12 = 

100 


Anthophyllite. 1. From Star Rock, Concord, Delawgiro County, Pennsylvania. 
Sp. gr. 3 ’20 (A. B. Leeds, Sill. Am. J. [3], vi. 26). 2. From the spherical masses of 
mica at Hermannschkg in Moravia (Brezina, Min. Mitth. 1874, 247). 


SIO' 

A1*0* 

Fe’O* 

FeO 

MnO 

MgO 

CaO 

K»0 

Na»0 

H*0 


55*12 

0*55 

— 

8*20 

0*32 

31-18, 

0-75 

1-01 

1*55 

2*21 = 

100*90 

67*39 

2*04 

0*42 

6*53 

- 

29-08 

0-69 

— 

— 

2*56 = 

98*71 


Grammatito or Tremolito. Grammatito from the granular limestone of 
Chejnow, near Tabor, has been analysed by F. Farsky ( Verh. gcol. liciclbsanst. 1876. 
208) : 

S10» APO* FeO MkO CaO 

69*74 1*85 0*34 26*47 12*71 = 100*11. 

On the variety called Hexagdnite, see p. 1030. 

A homblendic mineral, occurring— togetlier with quartz, eudialyte, nephelin, and 
small quantities of magnetic iron ore, orthoclase and plagioclase— as a constituent 
of a rock in the island of Kikkertarsursurok, West Greenland, has boon analysed bv 
J. V. Janovsky {Ber. vi. 1230, 1453) ; 

SiO* A1*0* ro*0* pIo MnO MgO CaO K*0 Na*0 PK)‘ Urnitlon 

44*24 1*80 4*27 29*46 2*21 3*11 8*84 1*31 0*83 2*33 1*35 = 99-75 

44*06 not determined 8*78 not determined 

44*27 not dot. 29*33 - 3*03 8-82 


» Detenninod by differenoe. 
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A thin section showed the presence of enclosed apatite, so that the phosphoric acid, 
together with 2*76 GaO, must be reckoned as apatite, and there will then remain 
only 6*08 CaO to be reckoned as silicate. ^ 


Bomblende rooks. Hornblende- Andesite.— A, specimen of this rock, from 
Tiisnad on the Budds, near Kronstadt in Tpan8ylvania,^ha9 been analysed, together 
with some of its constituent minerals, by K. John (Verh* geol. Reichsanst. 1874, 242). 
1. Analysis of the rock. 2. Felspar corresponding, after dediystion of 4*73 per 
orthoclase, with the formula Ab'^An. 3. Mica containing traces of MnO and 
PO®. Sp.gr. =2*967. 



SIO“ 

AFO» 

Fe-0» 

FeO 

CaO 

MgO 

K»0 

Na«0 

Loss by 
ignition 

2. 

60-64 

21*08 

3*98 

— 

6*42 

0-94 

1*72 

4*26 

2*81 

69*79 

26*33 

trace 

— 

8*34 

075 

0*79 

6-09 

0-84 

3. 

40*77 

16*69 • 

26*66 

0*78 

0-86 

5-89 

6*07 

1*40 

2*32 


An augiie-hornhlende andesite from Toplitia near Gyorgy, St. Miklos, in Transyl- 
vania, likewise analysed by John {ibid. 120), was found to contain : 

Loss by 

SiO« APO* rc*0> CaO MgO K“0 Na"0 Ignition 
61*09 20*31 5*10 6*09 0*81 2*01 3*87 0*97 =» 100 26. 


Sp. gr. =2*6646. The rock contains in a dense ground-mass, small felspars 
consisting partly of plagioclaso, pjirtly of sanidin. The microscope shows a largo 
proportion of augito, somewhat loss of hornblende and of magnetic iron ore. 

C. Doolter {Jabrb. f. Min. 1874, 646) gives the following analysis of a compact 
liornblendo andesite from the Pietra Mori in the mining district of Transylvania. 

Loss by 

SiO* APO* Pe’O* FcO CaO MffO K»0 Na*0 ignition 

58*02 22*30 4-91 1*22 7*31 2*01 1*36 2*78 1*01 = 100*92. 

The rock consist of a pitch-black ground-mass in which arc imbedded shining 
crystals of felspar and needles of hornblende. • 

Hornblende- Gahhro . — This rock is found on the St. Louis river, near Diilulli 
in Minnesota. In out ward appearance it clos<ily resembles a coarse-grained hyper- 
sthono rock, and consists of predominating phigioclaso (labradorito), a little orthoclase, 
hornblcndi*, diallagite, pegmatite, titanite, apatite, and extremely small quantities of 
coppcT-pyritos and cpidote, together with a little quartz. The hornblende is mostly 
of a light or dark-green colour, owing to the presence of viridite ; sometimes it is of 
a brown colour, and penetrated by tine dark parallel systems of lines, but a remark- 
able fcat.nro of this brown variety is the entire absence of ‘cleavage-cracks.’ The 
apatite occurs in thick short crystals. An analysis of this rock showed it to have 
the following composition, viz. : — 

SiO» Al'O* Fa»0* FeO CaO MgO K“0 Na*0 H»0 

49*16 21*90 6*60 4*64 8*22 3*03 1*61 3*83 1*92 = 100*80 

(Strong a. Kloos, Jahrh.f. Min. 1877, 113). 

BOBM-nSBRCimT. See Mbrcury Chlorides. 

HORBTSTOinS PORPBTRy. Soo PoRFHYBY. 

BORSB-RADZSB. The fresh root of this plant, analysed by A. Hilger 
(Landw. Vers. Stai. xxii. 76), was fouudJ» contai» 83*45 per cent, water. Pried at 
100® it yielded 11*5 per cent, of a.sh, confining 72*52 per cent, of matter soluble in 
water conUiining carbonic acid, and 27*48 insoluble, including 2*5 per cent, carbon 
and 2*7 sand. 


The soluble portion contained 

The insoluble part contained 

— 

CaO 

1*19 

CaO ... . 

36*38 

MgO . 

. 0*89 

MgO ... . 

11*92 

Na^O . 

. 0*28 

F*0» .... 

41*92 

K-'O . 

. 51*41 

Fe*0» .... 

3*47 

HCl 

. 2*19 

CO* .... 

7*23 

so» 

. 22*73 

SiO* .... 

6*39 

CO- 

. 16*31 

• 



BUAKTA J AiriTB. A mineral found by Raymondi at^ Huantajaya in Southern 
Peru. It crystallises in cubes and octohodrons having the composition AgCl.20NaCl 
(F. Sandbergor, Jahrb.f. Min. 1874, 174). 

BVMXC ACXB and BITMVS. P. Thdnard {Compt. rend. Ixxxiii. 376) pre- 
pares pure humic acid by dissolving the crude product in potash, precipitating with 

3 Y 2 
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a slight excess of hydrochloric or sulphuric acid, washing the precipitate well with 
water, and keeping the spongy mass for forty-eight hours at a temperature of — 12® 
^to — 15°. As the mass thaws, the humic acid separates in the form of a dense 
precipitate which is to bo further washed on a filter. Preparations thus obtained 
leave when burnt only very small quantities of potassium salt, and exhibit on analysis 
a constant composition agreeing with the formula 

According to E. Simon 1875, 133) pure humic acid absorbs nitrogen, 

which then enters into chemical combination with the other constituents. Mels^s 
finds that the fiiculty of absorbing nitrogen is not possessed by all humous substances. 
Experiments by Simon, which, however, seem to require confirmation, point to the 
conclusion that humic .acid renders ordinary calcium phosphate soluble, by replacing 
part of its phosphoric acid. Humic acid and ammonium humate do not diffus*-- 
through parchment-paper, whereas the compounds of humic acid with phosphoric acid 
diffuse through it readily. 

Diazoxybenzoic .acid, C^PN-O*, a black substance obtained by the action of 
nascent hydrogen on dinitrobonzoic acid, appears to be related to the group of humous 
substances (p. 277). 

dVMZTE. Chondroditc . — Several varieties of this mineral are found on the 
vein of magnetic iron ore in the Tilloy-Poster mine, Putnam County, New York. It 
occurs in small grains disseminated through the entire vein, .and accumulates especially 
in the neighbourhood of clefts and in Iho clefts themselves ; it is then imbedded in 
distinctly crystalline forms in whi lie serpentine. The following arc analyses : fl, of 
a brown variety ; sp. gr. = 3*2 ; 5, of a red variety. 


SiO’ 

MgO 

F.’0 

P 

Total C) 

OC7 

Total (*) 

35*42 

54*22 

5*72 

9*00 

101*36 

3*79 

100*57 

35*42 

51*88 

9*73 

5*38 

102*41 

2*26 

100*15 


A grey-brow’n variety, probably a variety of the red, likewise ocenrs, but the 
quantity of it that could bo isolated was not sufficient for analysis (E. S. Breidenbaugh, 
m. A771. J. [SJ, vi. 212). 

According to E. S. Dana (ibid. x. 80) the chondivxlito crystals of the Tilley-Foster 
mine maybe referred to the three «bypes distinguished by Scacchi and vom Bath 
(i, 930 ; 277d Suppl, 6.i0). Two analyses, by G. W. Hawes, of very pure material 
belonging to the second typo gavo : 

SiO» MgO FeO ArO» F Sp. gr. 

34 10 53*17 7 17 0*48 4*14 « 99*06 

34*05 53*72 7*28 0*41 3*88 = 99*34 

From the optical examination of the crystals (ibid. xi. 139), Dana concludes that 
those of the second type — if not the others — belong, not to the rhombic, but to the 
monocliriic system. According to C. Klein, the Vesuvian crystals of chondrodito are 
.also monoclinic. Des Cloize.anx (Phil. Mag. [5], ii. 286), likewise on optical ground.s, 
refers the crystals of the first typo to tho rhombic, those of the second and third typos 
to tho monoclinic system, and proposes to designate the first type as hiniite, tho 
second as chondrodite, and the third as clinohumite. 

On the relations of form and composition of Humito and Lievrite, see Wobsky 
(Jahrb. f. Min. 1876,660; Jahresb. f. Chem. 1876, 1252 ; Chon. Soc. J. 1877, ii. 117). 

Chondrodito from the dolomitic limestone of Svinetic, between Vodnaii and 
Bavopov in tho Bohemian forest,' is described by 11. Holmhacker (Min, Mittheil. 
1873, 274). 

HT.BErZC ACID, (1st Stippl. 701). This .acid .appears to bo con- 

tained, together with oleic acid, in the mixture of fatty .acids produced by saponifica- 
tion of the compound ethers obtained from the grease of sheep’s wool (Schulze a. 
Alrich, Ber. vii. 570). 

BTDAZTTOZC ACZB, C^H-N^O* (Ut Suppl. 702). Glpcdurio This 

acid is formed : 1. By tho action of cyanic acid on glycocino : 

CH*.NH2 CH*NH(CO.NH*) 

I + HCNO = I 

COOH COOH 

An aqueous solution of glycocine sulphate is heated with a slight excess of potassium 
cyan.atc, and the liquid, mixed with a considerable quantity of alcohol, is filtered from 
pobi.ssium sulphate, and left to evaporate (Wisliconus, Liebig's An7ialen, clxv. 103). 

(*) Including the 0 replaced by P. (*) Equivalent to the fluorine. (■) After deduction of the 
corresponding oxygen. 
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2. By heating glycocine with urea (Hointz, Isi Suppl. 702) : 

CH'^NH* CH*.NH(CO.NH2) . 

The formation of liydantoic acid in this manner is facilitated ty boiling the two 
substances together with baryta-water ; if an excess of urea is used, the conversion of 
fte glycocine is almost complete (Baumann a. Hoppo-Seyler, Ber, vii. 34). 


nSetbyl-bydantolc acid, C'H'‘N*0®-C®IP(CH*)N20’. This acid, first ob- 
tained by 0. Schiiltzen (Bcr. v. 578) from the urine of a dog whose food was mixed 
with sarcosino (mothyl-glyeocine), has lately been produced synthetically from .hat 
compound by Baumann a. Iloppe-Seyler (loc. cit.) in the same manner as liydantoic 
acid from glycocine, viz. 

1. By the action of cyanic acid : 

CH2.NH(CH«) GH*N(CIP).CO.NH2 

I + CNon = I 

COOH COOH 


An aqueous solution of sarcosino is digested with potassium cyanate and an equal 
quantity of ammonium sulphate for two days in an air-bath at about 40'^ ; the liquid 
is then concentrated and freed from potassium ^ulphate by addition of alcohol ; the 
alcoholic solution is supersaturated with baryta-water and evaporated ; the baryta, 
after dilution of the liquid with water, is precipitated by carbonic acid; and the 
filtered liquid, after concentration to a small bulk, is mixed with a largo quantity of 
strong alcoliol. The resulting precipitate of barium methyl -hydantoato, which be- 
comes quite hard after a while, is washed with alcohol, dissolved in water, and 
cautiously decomposed by dilute sulphuric acid ; the solution is repeatedly shaken 
up with ether containing alcohol ; the united extracts aro distilled in a water-bath ; 
and the remaining solution is evaporated over sulphuric acid. • 

2. By boiling sarcosino and urea with oaftess of baryta-water, or digesting the 
same mixture for two days at 40® : ^ 


CIP.Nn(CJP) 

COOH 




Nir -I- 


CH^N.(CIl»)CO.NH2 

COOH 


Mcthyl-hydaiitoic acid crystallises in transparent plates, not very soluble in cold 
water or alcohol, but easily soluble in the same liquids w’ljon warm ; also in etlier 
coiitainirig water or alcohol ; it has a strong acid reaction and pleasant sour taste. 
Tlio dilute solution may bo liratcd to boiling without decomposition; but when the 
concimtrated solution is heated on the water-bath, the methyl-hydautoic acid is 
resolved into water and methyl-hydantoin or glycolyl-inothyl-carbamidc: 


< N(C1J>)— CH*— CO.OH .N(CH>)— CK* 

11=0 + C0< I 

NIIII ^NH CO 

The crystals of mcthyl-hydantoic acid may, however, be heated to 100° for a 
short time without decomposition, but if the heating bo continued, water is gradually 
given off. In this respect the crystallised acid is more stable than its concentrated 
solution. The same conversion of mothyl-hydanfoic acid into methyl-hydantoin takes 
place wlien the acid is boiled with carbonate of lead or carbonate of barium to form 
tlio corresponding methyl -hydantoates, only traces of the acid pasmiig into solution. 
The barium and copper salts of methyl-hydantoic acid do not crystallise (Baumann a. 
] loppo-Seyler). 

When moist silver oxide is added to a hot aqueous solution of methyl-hydantoic 
acid, and the liquid is filtered, tlie filtrate on cooling deposits a pulp of white sliining 
laminae, the amount of silver in which agrees with the composition of silver-mothyl- 
hydantoi'n, C^H*AgN*0*. 

Methyl-hydantoic acid heated in a sealed tube at 130°-140° with a hot-saturated 
solution of barium hydrate, yields ammonia, carbon dioxide, and a non-crystallisable 
syrnp which has a sweetish taste, an .acid reaction, and dissolves cupric hydrato 
abundantly. It forms a zinc salt which crystallises in large four-sided prisms, and 
contains a quantity of zinc indicating a mirturc of metliyldi- and mothyltri-glycol- 
lamic acids (K Salkow'ski, Ber. vii. 116). 

The formation of methyl-hydantoic acid in the animal organism after the intro- 
duction of sarcosino does not appear to depend on the presence of previously formed 
urea. When sarcosino and urea were dissolved in a 2 per cent, solution of sodium 
bicarbonate, or in a 1 per cent, solution of the normal carbonate, and the liquid w’as 
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kept for two days at a temperature of about 40° (blood-heat), no formation of methyl- 
hydantoic acid to6k place ; neither was hydantoic acid obtained by proceeding in a 
'a’milsir manner with urea and glycocine. Moreover, hydantoic acid was not produced 
by passing carbon dioxide into* a cooled solution of glycocine in strong aqueous 
ammquia, or when dry carbon dioxide and ammonia gases (which together form 
ammonium carbamate) were passed into a capacious flask containing glycocine hydro- 
chloride. These e»xperiments show that carbamic acid, when brought in contact wijh 
glycocine or sarcosine, has no tendency to unite w-ith it and eliminate w'atcr; and 
they rather tend to support the view which ascribes the formation of urea or of 
methyl- hydantoic acid in the animal organism, to the direct addition of a cyanic 
acid residue to ammonia or sarcosine respectively (Baumann). 


Metbyl-liydaiitoin, formed as above-meUtionocl by dehydration of methyi- 
hydantoic acid, may also bo prepared by melting sarcosine with urea : 

CH*.NH(CH*) .N(CIi>)— CH* 

I + = Nn» + JPO -h co< I 

coon ^Nii CO 


It melts, according to Salkowski, at 154°-15o°, Le. at a temperature about 10° higher 
than tho melting point originally assigned to it by Neubauor (l.s^ Suppl. 703). 
Baumann found that a preparation which at first molted at 14.3°-146'^, acquired, 
after repeated crystallisation, the hi|[her molting point dctorminerl by Salkowski. 

^N(C«1P)-CH2 


Phenyl-bydantoi: , C®H*N*0’ = GO^ 

\Nn 


-lo 


is obtained^ by fusing a 


mixture of urea and phonyl-glycocino at 155°. It forms a crystalline mass of slender 
needles; melts at 101°; dissolves in water and in alcohol after prolonged boiling; 
but is only slightly soluble in cold alcohol, and still less in cold water. It dissolves 
in alkalis and is reprecipitated by ficids. Tho ammoniacal solution gives white 
precipitates wibli silvci; nitrate and barium chloride, and does not dissolve freshly 
precipitated mercuric oxide' or silver oxide. The aqueous solution does not exhibit 
the reactions just mentioned (P. Schwchel, Her. x. 2015). 


CH2.N(C'H»).CO.NH* 

ic 


COOH 


and TolyUbydantoini 


Tolyl-bydantolo acid, 

CH2.N(C'H’)x 

I ^CO, are obtained, together with other compounds, when urea and 

CO NIK 

ptiratolyl-glycocine are fused together in equal numbers of molecules. Hot alcohol 
extracts from tho fused product tolyl-hydantoic acid and monotolyl-carbamiflo, Ic.iving 
tolyl-hydanto'in and a cry.stallino substance (m. p. 174°) undissolved. On ovapomting 
the alcoholic extract, tolyl-hydantoic acid is obtained as a white poAvder, 
insoluble in cold water and cold alcohol, ami sparingly soluble in boiling alcohol. It 
decomposes at 200° Avithout melting, and is precipitated from its solution in ammonia 
by acids. On adding hydrochloric acid to tho mother-liquor from tho tolyl-hydantoic 
acid, the monotolyl-carbamidc separates out,* and is deposited from a solution 
in hot alcohol in silvery needles, which arc insoluble in water and ammonia, and are 
not attacked by acids or alkalis. ^ It decomposes at 200°. Tolyl-hydantoin 
crystUlises in colourless needles (ra. p. 210°) insoluble in coM water, but soluble in 
alcohol (Schwobel. Ber, xi. 1128). 

.NIT-CIP 

Tblobydantoin or Glycolyl-tblocarbamlde, C*H<N*O.S = CS^ | 

nnh-co 

(p. 400). Thi.s compound, unlike thiocarbamide itself (p. 395), docs not unite dinjctly 
with chlorine and bromine, but is decomposed by chlorine in presence of water at low 
temperatures in the manner represented by the equation : 

< NH.CIP 

I 3CP -I- 611*0 = CH*.CO*H + CO(NH*)* + SO^H* + 61TCI. 
Nil. CO 

Bromine acts in a similar manner at ordinal^ temperatures, but tho carbamide at tho 
moment (.»{ its formation resolved into^ CO* and NIP. Thiohydantoih, luiatod to 
1 30*^-140° with ethyl bromide and alcoholf yields, not an additive compound, but 
othylic thiocarbimidacotate : 

+ C»H*Br + 2C»H*on = + (C’II»)-0 + NH'Br. 
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< NH CH* 

I (P. J. Mcyor, Btr. 
N(C»IP)— CO 

X. 1966). — This compound is formed when chloracetafiilido and thiocarbamidc dissolv^fl 
in alcohol aro heated together on the water-bath. Thiohydantoin then cry8tallis(\s 
out first, and from the filtrate M'ater throws down phonyl-thiohydantoin. Tl» same 
compound is formed when phcnyl-thiocarbamido and ethyl-monochloracetato are 
iheated together in alcoholic solution, and the product, after being made alkaline, is 
treated as above. 

Phonyl-thiohydantoin forms small shining slightly yellow needles or prisms, which 
melt at 108'^ ; it is nearly insoluble in water, sparingly soluble in cold, easily in hot 
alcohol, also in ether and in acids. With caustic soda-solution it forms a very 
soluble and easily crystallisablo sodium-salt. 

CH* 

Tolyl-thiohydantoin^ | , prepared as above from chlorace- 

CO 

toluide and thiocarbamido, crystallises in small shining needles or prisms melting at 
183° (Meyer, loc. cit.) 

A second phenyl-thiohydantoi'n appears to be formed on fusing together phenyl- 
glycocino and thiocarbamide. 

Thlobydantoio or Thiocarbamldacetlc acid, C’lPN^O'^S, is formed liy the 
action of thiocarbamido, aided by heat, on a solution of the monochloracetate of sodium 
or ammonium. It is a white crystalline powder composed of microscopic four or 
six-sided tablols and prisms, solubh; in hot water, also in alkalis and acifls, otherwise 
iri.solublo. It decomposes when heated. The aqueous solution is quite neulral, and 
does not form a precipitate with silver nitrate ; but, on adding a small quantity of 
ammonia, yellowish flocks arc; thrown down. The acid appears to form salts, but they 
an', very unstable. l?y alkalis, oven sodium carbonate, and by .icids, it is easily con- 
verted into thiohydantoin, and the same change takes place partially oven on ro- 
eryslalli.sing the acid (11. Maly, Wieii Akad. ^er. [2 Abth.],Jxxv. 7f2). , 

HTBBASTXS. The root of Ilydrasf^ canadenm is known to contain two 
alkaloids, viz. hydrastino and berberine (iii. 178 ; 2nd Suppl. doo), and a third has 
been detected in it by A. E. Halo {Pharm,J, Trans. [3], iv. 106). When ammonia 
is added to the aqueous extract of the plant from which the hydrochloride of berborino 
has already been separated, as long as a precipitate is thereby produced, and tlic solu- 
tion of this precipitate in alcohol is left to evaporate, a crystalline substance is 
obtained apparently coloured by a yellow powder. If, on the other hand, the aqucoiis 
filtrate bo merely neutralised w'ith ammonia, and the resulting precipitate fli.s.solved 
in alcohol, tho solution thus obtained deposits coloxirless crystals of hydras line. 
On further addition of ammonia, however, a new precipitate is formed of darker colour 
than berberine, neutral in alcoholic solution to test-paper, and diflering from berberine 
also in other respects, being loss soluble in cold nitric acid, and forming a solution 
which turns red when warmed. Its solution in hydrochloric acid does not deposit 
cry.stals till it is nearly cold. Tho new ^Ikaloid dissolves in hot sulphuric acid with 
rod-brown colour ; it is more .splublo than berberine in water and in cold potash 
solution, and forms, with a solution of mercuric iodide in poUissium iodide, a slight 
yellow precipitate. 

Tho existence of this third alljaloid in flydrastU canadensis is confirmed by 
.T. C. Hart {Pharm. J. 'Imrans. [3], vi. 467), who finds that tho sulphate cry.<5tallisos in 
radial tufts of prismatic needles, and that tho hydrochloride gives precipitates of 
yellow to reddisli- or brownish-yellow colour. 

Tho alkaloid, distilled in alkaline solution with potassium permanganate, gives off 
traces of ammonia, and l.hcrcfore probably contains nitrogen. 

KYBllATSS. Church {Chem. New.% xxxiii. 203) proposes to classify hydrates 
occurring in nature according to the conditions under which their combined water is 
retained : viz. (1) Cryohydrates, which retain their water only at low temperatures. 
(2) IlygrohydrateSf which retain it only in a moist atmosphere. (3) BarohydraicSj 
which give it up under diminished pressure. An example of a hygro- and haro- 
hydrato is afforded by tho mitive uranio-calci* phosphate called auiunife, which in 
the natural state is a hygrohydrato containing 10 mol. IPO, 5 of which it gives off in 
dry air, being thereby converted into a barohydrate, wlfich gives off 3 mol. IPO in a 
vacuum. 

On Cryohydrates, see also pp. 1005-1009. 

On the Heat of Formation of CrystaUine Hydrates, see IIk-v v, p, 982; on their 
hecoinpfmiv^n hy Hcaif pp. 1012-1016. 
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BYBl^znrSB. The name Hydiazino is given to the group N*H* or Ii*N— NH.*, 
t.e, ammonia in which 1 atom of hydrogen is replaced by amidogen. This compound 
is not actually known, but several of its derivatives have been obtained in which one 

more of the hydrogen-atom^ are replaced by radicles, alcoholic or acid. The 
hydrazines containing only alcohol-radicles are all of basic character, and, like the 
aminesi; are designated as primary or secondary, according to the number of hydrogen 
atoms thus replaced. Tertiary hydrazines containing only alcohol-radicles have not 
yet been obtained. ‘Each hydrazine contains 1 at. N. and 1 at. H. more than thiP 
corresponding amino : viz. 

k Ethyl-amine, C^mNH* I Diethyl-amino, C*n».NH.C*H» 

Ethyl-hydrazine, 1 Diethyl-hydrazine, 

r 

A. Pbimaat Asomatic Htdbazikes. 

These bases, represented by the general formula 

RNW or R-NH— NH*, 

in which R stands for phenyl and its Iiomologucs, are produced by the action of 
reducing agents on diazobenzeno-compounds and on aromatic nitrosamines. 

Vbenyl-bydrazlne, C«HW=C«H5.NH.NIP (E. Fischer, C/tem. Gcs. 
Ber, viii. 689, 1005, 1587, 1641 ; ix. ^11, 454, 880; Liebig's Antialen, cxc. 67-145). 
Forfnation and Preparation. — 1. By the action of zinc and acetic acid on diazo- 
amidobenzene and diazobenzcnc-dicthylamklo : 

C“Hs.N=N.NH(C«IP) + H* =. CmNH.NH* + C'lP.NlP 

Diazo-amidobenzene. Phenyl-hydrazine. Aniline. 

C«1P.N— N.N(C‘H*)* + « C«n».NH.NH- + (C'U^)2NH. 

Diazobenzenc-dicthyl- Phenyl-hydrazine. Diethyl- 
amide. amine. 

• 2. By adding diazobeifzene nitrate, GW.N~N.NO*,*to a cold solution of hydrogen- 

potassium sulphite, whereby it is converted into yellow crystals of potassium diazo- 
benzone-sulphonato, — SO®K ;*and heating tliis salt on the water-bath with- 

excess of hydrogen-potiissium sulpliitc, or with zinc-dust and hydrochloric acid, 
whereby it is converted into colourless phenylhydrazinesulphonate, C®1P.NH.NI1.S0®K, 
which, when heated with hydrochloric acid, yields the hydrochloride of phenyl- 
hydrazine : 

C«H^N^.NH.SO>K + HCl + IPO = SO«KH + C“IP.NH=NUMIC1. 

3. By heating the dry whito phenylhydrazinesulphonate (50 pts.) with bcnzoyl- 
chloride (70 pts.), and chloroform (80-90 pts.) as long as hydrochloric acid continues 
to escape, and heating the resulting dibcnzoylphenyl-hydrazine, C“H*N“JI(C^H-'0)* to 
100° with hydrochloric acid of sp. gr. 1*19, whereupon it splits up completely into 
benzoic acid and phenyl-hydrazine. 

4. Commercial potassium nitrite (25 pts.) is gradually added to a cooled mixture 
of 20 pts. anilino, 80 water, and 50 hydrochloric acid (sp. gr. 1*19), and this mixture 
is slowly poured into a solution of commercial sodiurfi sulphite in excess. The liquid 
is then nearly neutralised with hydrochloric acid, treated on the water-bath with 
zinc-dust till it becomes colourless, and finally concentrated, with addition of small 
quantities of hydrochloric acid, till the hydrochloride of phenyl-hydrazine separates 
out. This reaction is recommended by Fischer us affording an easy method of pre- 
paring Iiydrazinc-compounds. 

Phenyl-hydrazine is, at ordinary temperatures, a nearly colourless oil, of sp. gr. 
1091 at 21°, and boiling at 233°-234° ; on exposure to cold it solidifies to a cry.st.al- 
line mass of shining tables, which melt at 23°. It is somewhat soluble in hot water, 
but almost insoluble in concentrated solutions of the alkalis : it is miscible in all pro- 
portions with alcohol, ether, benzene, and chloroform. In presence of reducing agents it 
is exceedingly stable, but it is very readily decomposed by oxidants : it reduces 
Fehling’s solution even when in cold dilute solution, and this reaction, by reason of 
its delicacy, is recommended for the discrimination of all primary hydrazines, and 
indirectly of diazo-compounds. It i8*A monaeid base, yielding well-defined crystal- 
line salts. The hydrochloride, C®H*.N^H®.HC1, is a colourless salt crystallising in 
shining plates, which may be sublimed unchanged. It is precipitated from its aqueou.s 
solution by concentrated hydrochloric acid. The sulphate, (C“H».N*II*)"JPSO\ and 
nitrate, form white shining plates, easily soluble in water. The picrate, 
0^®.N*H*.OH.C*ir2(NO*)*, crystallises in slender yellow needles, the oxalate^ 
(C*H*.N*fl*)*ir‘'C'0*, in colourlo.s.s plates. 
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Reactions. — (1). With Sulphur. Phenyl-hydraziHO* heated with sulphur is 
decomposed — the action beginning at 80® — ^vith formation of nitrogen, ammonia, 
hydrogen sulphide, benzene, aniline, thiophenol, phenyl sulphide, and phenyl disulphide. 

The action of sulidmr upon the hydrazines appeals, therefore, for the most part, Co 
bo limited to their nitrogenous group, and is similar to the decomposition of these 
bases by oxidation in their alkaline solution. The formation of aniline, wliich-Toccurs 
to tlio extent of 80 per cent, of the phenyl-hydrazine employed, is explained by the 
tKjuation : 

2(C«IP.NH.NH*) + S = 2(C«1P.NH2) + H^S + N*; 

that of benzene and the various sulphur-derivatives enumerated resembles the ordinary 
decomposition of the diazo-compounds. 

2. With Halogens. Aqueous emulsions of phenyl-hydrazine, treated alternr'itcly 
•with iodine and pbtassium hydrate, take up iodine and form diazo-benzonimide, aniline, 
and iodanilinos, probably according to the equation : 

+ 212 ^ + C«H®NH2 + 4HI. 

Chlorine and bromine act much more energetically, decomposing the nitrogen-group 
of the hydrazine. 

3. With Nitrous acid and Nitrites. When gaseous nitrogen trioxido ispassed 
into an aqueous or ethereal solution of phenyl-hydrazine, diazobenzenimide, C**H*N*, 
is formed, tog<.*thcr with dark-coloured resinous products : 

CHPN-IP + NO-H « + 2H20. 

When, on tlie other hand, sodium nitrite is added in excess to a cooled solution of 
phenyl-hydrazine hydrochloride in 10 pts. of 'U'ator, the liquid becomes turbid, gives 
off the intoxicating odour of diazobenzenimide, and after a -wbilo deposits yello’W 
crystalline flocks of phonyl-nitrosohydrazino : 

C«JP.N'-H:i^]^q ^ ^ C«H*.N2II2(XO) + NaCl + IPO. 

This rojiction is very characteristic of the primary hydrazines. 

4. Witli Diazo benzene. The action jof diazobenzcne-salts on the aromatic 
hydrazines docs not give rise to compounds .analogous to the diazo-amido-compounds, 
which arc formed by the aetion of diuzobonzeiio-salts on amines (c.y. diazo-amido- 
I)L‘nzeno and diazo-dimethylamide from aniline and ilimethylamino respectively), but 
proceeds in different man?ier, wliich is as characteristic of the primary hydrazines as 
the action of nitrous acid. 

When ]>ur(} nitrate or sulphate of diazobenzeno is added to a cold aqueous solution 
of phenyl-liyilrazine hydrochloride, the liquid soon becomes turbid, from separation of 
diazobenzenimide, while a salt of aniline remains dissolved ; 

C«l»— NrrN— + CU*— NH— NIP = + C‘fl* NH»,NO>H. 

Diazobonzcnc riionyl- Diazobt’nzci>* Aniline 

uitrute. liydrazinc. imicle. nitrate. 

This reaction is analogous to that •which Gricss observed "wnth diazobenzene nitrate 
and hydrodiazobonzoic or hydrazine- benzoic acid, or with diazobcnzoic nitrate and 

phenyl-hydrazine, whereby diazobcnzoic imido, ^ N^^’ aniline 

nitrate, or diazobmizen imido and amidobcnzoic nitrate, are produced (p. 276). The 
formation of the diazo-benzoic imidc is attributed by Fischer to, a r«*gtMioration of 
aniline and nitrous acid, consequent on the assumption of 2 mol. IPO by the diazo- 
benzeno, and to the action of the nitrons .acid thus forincil on hydrazine-benzoic acid, 
thus : 

C«1P.N2.N02 -f- 21PO = C»HXNH2).NO»H + NO'^II 

Diazobenzeno Aniline nitrate, 

nitrate. 

iiad C“IP(CO“n)-NH.NlP + NO»H = 2H‘‘0 + 

1 fyclrazinc- benzoic Diazob('tizoiu 

acid. imidc. 

To explain the simultaneous formation of amidobcnzoic acid .ml diazobenzenimide, 
it is necessary to suppose that the hydrarinc-group is spAt up, and that nitrogen is 
transferred to the diazobenzene. This result may likewise bo brought about by 
assumption of water, the hydrazine being resolved into the corresponding amine and 
hydroxylamino : 

ji.Nn.NI12 + IPO J?.NIP + NIPO. 
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The last reaction has not, indeed, been ciTected in the simple form hero represented ; 
but there are sufficient grounds for supposing it to take place, especially in the 
secondary hydrazines. The hydroxylamine thus formed will unite with the diazo- 
l^nzene, forming water and diazobenzenimide : 

, C«H».K2.NO» + NH*0 = C«H*N* + NO^H + n*0. 

That such is actually the case may be shown by pouring a mixture of the cold aqueous 
solutions of diazobenzeno sulphate and hydroxylamine hydrochloride into a cold dilute 
solution of sodium carbonate, whereupon diazobenzcnimide separates out nearly in the 
quantity required by theory. Further evidence in support of the explanation just 
given is that the secondary base, incthylphenyl-liydrazino, is decomposed in a similar 
manv.er by diazobenzene, yielding diazobenzcnimide and methylaniline. 

6. Reconversion of Hydraainvs into Dmco-convpounds. — This transtbrmat ion may bo 
effected through the medium either of the sulphonates or of the ordinary salts (chlorides, 
sulphates, &c.) of the hydrazines, mo.st readily, however, with the former. The 
hydrazine sulphonate is prepared by heating 2 mol. of the base with 1 mol. potassium 
pyrosulphato, whereby a pasty mixture of potassium sulphate, phcnyl-hydrazino 
sulphate, and phenyl-hydrazine sulphonate is formed, which soon solidifies : 

4(C«H»N*H») + 2K*S®0» = Km* + (C*K\mi*)m* + 2(C«H*.N2H*.SO=»K). 

To isolate the last salt, the melt is dj^solved in hot water, and the greater part of the 
sulphuric acid removed by barium carbonate, the plienyl-hydrazino which was com- 
bined with that acid then separating for the most part as an oil; and on adding 
strong potash-ley to the hot filtered liquid, the hydrazine-.sulphonat(^ is^di‘po.sited in 
a mass of crystals which may be obtJiincd pure by omj rccrys1alli.sation from hot 
water. The hydrazine-sulphona to may then bo converted into the yellow diazosul- 
phonate, C*H*.N^.SO’J\, by oxidation with mercuric oxide or potassium diehromato. 

The convcr.sion of the sulphate, chloride, ^c., of t he hydrazine to a diazo-com- 
pound by oxidation i.s less easy and requires specyil precautions to prevent the 
occurrence of secondary reactions. Thtf best way of proceeding is to add the aqueous 
solution of the hydrazine salt gradually^and with continual agitation, to water holding 
in suspension an excess of mercuric oxido. The reaction then takes place to a great 
extent in the manner represented by the equation : 

(c«n*.N2H7S0* + 0* = (c«n\N*)2so» + dipo. 

The formation of phenyl-hydrazine from diazobonzene, and its reconversion into 
the latter by the reactions above described, are more readily explained liy Kekul6*s 
formula of the diazobenzene-compounds, viz. R — N:z::N — R', conUiining only tri valent 

R— N— R 

nitrogen, than by StrockeFs formula 1 1 1 , in which on(^ of tho N-atoms is qiiiii- 

N 

qiiivalent (p. 636). For all these reactions, indeed, Streckor’s formula would require 
intra-molecular transpositions, and the conversion of quinquivalent into trivalent 
nitrogen by addition, and of trivalent into quinquivalent nitrogen by abstraction of 
hydrogen, which does not appear very probable. « 

4. Oxidation of Phenyl-hydrazine in Alkaline Solution. — The oxidation of phcnyl- 
hydrazino, in presence of mineral acids, gives rise, a.s already observed, to diazoben- 
zene or its transformation-product, dikzobenzonhnide, and is not attended with evolu- 
tion of gas ; in alkaline solutions, on tho other hand, Fchling’.s .solution for exaniplu, 
nitrogen is evolved* and the products formed are anilino and benzene. Tho formation 
of aniline is explained by the equation : 

2(C«H“NH.NH*) + 0 = 2(C*H^NI1=) + 11*0 + N*; 

that of benzene is probably due to the decomposition of a diazo-com pound, with entire 
evolution of its nitrogen in the form of gas, and the entrance of its hydrogen into tho 
benzene residue. 

(J-lRN-fcNH 

Phenyl-dicyanhydraxinef C”H^N^H’.(CN)^, probably I I * 

* HN-C=Nn 

When cyanogen gas i8,pas.sed into an emulsion of 1 pt. phenyl-hydrazine and 
10 pts. water, yellowish-red crystals are obC&ined which, after washing with water, may 
be purified by rccrystallisation from alcohol, with addition of animal charcoal. They 
arc still however yellow after this treatment, and it is only by repeated solution in 
ether and preeijiilation with ligroin, which is attended with great lo.ss of .«?nb.staneo, 
that they can Ijo olitained nearly white. They consist of phcnyl-clicyanhydrazinc, which, 
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’ . . 
from the analogy of its mode of formation to that of dicyananilinc, may perhaps bo 

represented by the constitutional formula above given. ‘ 

rhcnyl-dicyanhydrazine dissolves easily in alqphol, and in ether, sparingly in 
water and in ligroiii. hrom hot water it crystallises in jagged feathery groffps 
wliicli unite into laminje ; from benzene, chloroform, or an ethereal solution mixed 
witli Hgroi'n, it separates in crystals which, according to Arzruni, are monoclirilc, with 
strongly curved faces. It turns brown at 160®, and melts with decomposition at a 
^slightly higher temperature. It dissolves in dilute hydrochloric acid, and is separated 
from the solution by neutralisation with soda. Its cold aqueous solution gives with 
J'eliling’s solution a dingy green precipitate and a blue-green coloration. It reduces ^ 
ainmoniacal silver solutions. Its alkaline solution, when exposed to the air, absorbs 
oxygen and turns brown. The cyanide is not much affected by acids, but .-^whon 
heated to IdO® f')r several hours with water, it is converted into white needle-shaped 
crystals. Its solution in sulphuric acid gives a white flocculent precipitate with 
potassium nitrite. 

Phenyl-azonium Compounds. Azonium compounds are bodies related 
to the hydrazines in the same manner as the ammonium compounds to the amines, 
and produced in like manner by the combination of hydrazines with the bromides, 
chlorides, hyilroxides, &c., of alcohol-radicles. 

Phenyl-diethyl-aconium Bromide, C“IP. N^H“(C=lI‘*).C"H®Br. — ^AVhen 

phcnyl-hydrazino and ethyl bromide arc mixjd together in molecular proportions, 
reaction begins at ordinary temperatures, and must be moderated at first by immers- 
ing the vessel in cold water, but to complete it the mixture must bo gently heated 
in a reflux ’apparatus. With 1 mol. of the base to 1:^ mol. ethyl bromide (a slight 
excess of the latter being advantageous), the liquid solidifies completely to a magma 
of white sloiulcr needles, which may bo freed from the slight excess of ethyl bromide 
by warming on tlio water-bath. This product dissolves completely in water, and the 
solution, after being freed from volatile b;ises by extraction with other, yields pliciiyl- 
diutliylazoiiium bromide as a precipitiito composed of white slendeif needles ; and by 
passing those between filler paper and rccry^tallising from*boiling alcohol, the com-* 
pound is obtained in short transparent prisiq/a, or by slow evaporation of the alcoholic 
solution in shining splendidly developed rhombic 
prisms, exhibiting the combination ooP, , OP 
(fig. ft), mostly clongatod in the dir^tion of the 
macrodiagonal. The faces ooP and Poo are often 
equally developed, while OP is narrow, and striated 
parallel to its combination edge with Pco . Axes 
alb: c==0\S210 : 1 : 0'826a. The piano of the 
o])l,ic axes is parallel to the brachypinacoid, and 
the first median lino coincides with the axis g. 

Dispersion of the optic axes p<v. Double refrac- 
tion po.sitivc, strong. 

IMieiiyl-diethylazonium bromide dissolves very easily in water, very sparingly in 
si rung a]kali.s, and is insoluble in ether. At 180^’ it begins to turn brown, and at 
193® it decomposes rapidly, giving off gas and yielding a yellow oily distillate, while 
a half-chiirrod mass remains in the retort. 

In its clunnical relations, this bromide exhibits the characters of an ammonium 
compound ; it is not altered ’by alkjj-lis, but i^ ojisily debrominated by the oxide and 
salts of silver, yielding with the former a hydroxide easily soluble in water and 
liaving an alkaline reaction. By agitating its aqueous soliitiqp with recently pre- 
cipitated silver chloride, it is quickly converted into the chloride, wliich is likewise 
easily soluble in water, and unites with platiuic chloride, forming ])rown-yellow crystals 
of the plati nochlorido, [C«lP!^'-TP(C'H^)'*Cl]‘PtCD^ 

The constitution of thoso azonium-compounds seems at first sight to throw some 
doubt on the universality of Hofmann’s conclusion that the formation of compounds 
of the ammonium- typo from thoso of the ammonia-typo hikes place only after tho 
typical hydrogen of the latter has been completely replaced by alcohol-radicles. The 
di.scropancy may, however, be removed by supposing that in the action of ethyl 
bromide on the hydrazine base, the hydrogen of the Nil-group is first replaced by 
ethyl, and the ethyl bromide addeil on to the* ethylimidogen-group thus formed, the 
nitrogen then becoming quinquivalent ; • 

H ’ C*H» 

C«H*— NU« + aC’ienr = IIBr + N— 



e = OP, d = f » , =s ooP. 
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Tho correctness of this view is indeed demonstrated by tlie fact that phenyl- diethyl- 
azonium bromide is likewise produced by heating pheiiyl-othyl-hydraziiio, 
C*1I*.N(C*11*).NH“, with etliyl j^roniide. It must therefor© be inferred that tho 
fotiiiation of a compound of the ammonium-type, while it indicates tho presence of a 
tertiary amino group, does not afford any criterion as to the number of hydrogen- 
atoms ^/hich may be present therein in combination with nitrogr u, but that such a 
compound may contain imide- or amide-groups yet intact. 


Derivatives of PhenyUhydrasine containing Add Eadicles, 


Ir Pbenyl-nitrosoliydrazlne, C*H* — N(NO) — NH'-. The formation of this 
compound by the action of sodium nitrite on phenyl-hydrazine hydroclilorido lias boon 
already noticed (p. 1049). Tho yellow-brown flocks first deposited may bo purifled 
by washing with water, pressure between filter-paper, solution in w'arm other, and 
precipitation with ligroin, which throws down the compound in yellow lamina). 

Phenyl-nitrosohydrazine, like other nitroso-bases, exhibits Liebermann’s. colour- 
reactions with phenol and sulphuric acid {2nd ^tppl. 901 ) ; tho blue colour with potash 
does not howerer iippear immediately, but only after agitation with air, because the 
colouring matter, at the moment of its formation, is reduced by the hydrazine-group — 
just as Liebermann observed that it was reduced by zinc-dust — and tho colour does 
not appear till oxidation has taken piece by tho action of the air. Similar reactions 
are exhibited by most nitroso-dcrivatives of tho hydrazine-bases. 

Phenyl-nitroso-hydrazino may be exposed to the air w'ithout alteration for several 
days, especially in the state of fine powder and in thin layers ; but when kept in closed 
vessels, it decomposes very quickly, at summer temperature even in a few hours, and 
is converted into a dark brown strong-smelling liquid. Its vapour is very poisonous, 
acting like that of amyl nitrite, but much more strongly, the inhalation even of a 
small quantity producing determination of blood to the head and violent headaclie. 

Phcijyl-nitrosd-hydrazine treated with zinc and sulphuric acid, or with zinc-dust 
and acetic acid, yields considerable quantities of aniline. This rexluetion, differing 
as it does from that observed by llaeyex. a. Caro (p. 205) in the case of dimethyl- 
nitrosaniline, in which the NO-group is contained within the benzenc-miclciis, shows 
that in phenyl-nitroso-hydrazino, the NO is situated in the liydrazirie group N*H’, 
and as moreover ITeintz has showm {IMifa Annaleih cxxxviii. 316) that in the 
ordinary amine-bases, the formation of a nitrosaminc takes place only when imido- 
groups are present, it may be infcrri*il as highly probable that the same is the case 
with hydrazines, and that consequently in tho compound under consideration the NO 
is situated in the NTT-group, so that its constitutional formula is C"lP.N(NO).Nir-. 
This conclusion is strongly corroborated by the fact that the secondary aromatic 
hydrazines, to bo described further on, in which the hydrogen of the Nll-groiip is 
replaced by an alcohol-radicle, are decomposed by nitrous acid in a totally different 
way. 

Phenyl-nitroso-hydrazino, gently heated with a dilute alkali, is completely resolved 
into water and diazobenzenimidc, C*H*N®: 


C«H^N(NO).NH« = n*0 + C»H».N— N 


2. Plienyl-taydrazides. Two of the hydrogen-atoms in phenyl -liydrazine are 
easily replaced by aAd organic radicles ; for the third tho substitution has not yet 
been effected. The resulting compounds exhibit, in general, the characters of ordinary 
amides. The first acid radicle which outers appears always to take the place of a 
hydrogen-atom in tho NII*-group of the hydrazine, as is proved by tho direct con- 
version of some of the resulting compounds into azo- and diazo-compounds ; tho 
position of the second is as yet undecided. 

Monohemoy1rphenyl-hy dr azide, C''H*.NH.NII(COC*H®), is formed by 
gradually adding benzoyl chloride (1 mol.) to a solution of phenyl-hydrazino (2 mol.) 
in 5 pts. of ether. Tho crystals which separate are freed from phenyl-hydrazine 
hydrochloride by treatment with hot ‘’water, and then rccry.stallised from alcohol 
Tho compound dissolves sparingly in hot water and in ether, freely in hot alcohol 
acetone, and chloroform, and cry.stallises frohi all those .solutions in slender white 
prisms. It melts at 168®, and decomposes at higher temperatures; dissolves without 
alteration in potash-ley, hut is decomposed by hydrochloric acid at 100® into phenyl- 
hydrazine and benzoic acid. On adding mercuric oxide to its solution in chloroform, 
the oxide is reduced and the liquid acquires a dark red colour, from formation of 
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benzoyl-diazobenzone, NzrN — C0C®1I*. This latter compound is a dark 

red oil ■which dissolves easily in alcohol, ether, and chloroform ; detonates sliglitly 
when heated ; is completely decomposed by boiling with water or with Jicids ; is not 
further oxidised by Fehling’s solution ; and is reconverted by zinc and acetic acid ii^o 
bonzoyl-phenyl-hydrazide. 

Dihenzoyl-phenyl-hy dr aside, C®II*.N*H(CO.C‘*IP)*, may bo obtained’ by the 
action of benzoyl chloride on monobenzoyl-phenyl-hydrazide, but is more easily prepared 
%y that of benzoyl chloride on potassium phenyl-hydrazinc-sulphonato : 

SO®K + H^O + 2(C®H».COCl) = G®1P.N2H.(C0.C«IP)* + KlISO^ + 2IIC1. 

It is very slightly soluble in water, moderately in hot alcohol ; by dilute alkjilis at 
the boiling heat, it is taken up slowly but in considerable quantity, and sopiirated 
unaltered by acids. In alcoholic solution it immediately reduces amraoniacal silver 
nitrate. Heated in a sealed tube with fuming hydrochloric acid, it is completely 
resolved into phenyl-hydrazine and benzoic acid. It melts at 177°-178®, .and decom- 
poses at a higher temperature, yielding a distillate conbiining benzoic acid, benzoic 
ald(‘hyde, and benzanilide, and a resinous residue which ultimately carbonises. 

Acetyl-^henyl-hy dr aside, C®IP.N2H-.CO.Cn*, is produced, with great rise of 
temperature, on mixing acetic anhydride (1 mol.) with phenyl-hydrazine (2 mol.), the 
liquid turning brown and solidifying slowly to a slightly coloured crystalline mass. 
This is dissolved in hot water, and the solutio-) is filtered from a small quantity of 
resinous products and left to cool, whereupon it deposits the acetyl-phenyl-hydrazido 
in nearly colourless laminae, which may bo purified by crystallisation from dilute 
alcohol. The compound may also be prepared by boiling phenyl-hydrazine for several 
hours with three times its weight of glacial acetic acid, the excess of the latter being 
removed by distillation at 160 , and the residue purified as above. 

Acetyl-phenyl-liydrazide is slightly soluble in cold water and ether, easily in hot 
water, alcohol, chloroform, and benzene, and crystallises from most of these solutions 
in six-sided prisms often shoi-toned to thin plates, and ha'v;ing a bright silky lustre. 
It molts at 128*5®, and distils at a higher temperature, for the most part without 
decomposition ; is resolved by boiling withvstrong acids into acetic acid and phcnyl- 
hydrazino. Its aqueous solution instantly reduces Fehling’s solution when gently 
heated therewith. Dissolved in dilute sulphuric acid and treated "with sodium nitrite, 
it yields an unstable nitroso-derivative. liy prolonged boiling with acetic anhydride, 
it is converted into a syrupy mass, probably containing a diacetyl-dcrivativo. Acetyl- 
phenyl-hydrazido, oxidised in chloroform-solution by mercuric oxide, is decomposed 
like the benzoyl-compound, yielding a dark rod oil, probably consisting of acotyl- 
diazobonzeno, C«H\N ^CO.Cll*. 

OxalyUdiyhenyUhy dr aside, (C®H®.N^H''‘)=C'0*. — This compound, analogous 
in composition to oxamide, is produced in a similar manner by heating a mixture of 
1 mol. ethyl oxalate and 2 mol. phenyl-hydrazine to 110^, alcohol being given off with 
ebullition, and the solution solidifying to a faintly yellow laminar crystalline mass. 
It begins to soften at 260°, and melts completely Jit 277°-278° ; at a higher tempera- 
ture it distils for the most part unaltered, and the distillate on cooling immediately 
solidifies in the crystalline form. It is but slightly soluble in most solvents ; is dissolved 
by strong sulphuric acid in the cold with rcd-violet colour, and without further altcr.a- 
tion, and is completely decom{)oscd on boiling. 


Derivatives of Dhenyl-hydrasine cmitaining Aldehyde-radicks. 

Phenyl-hydrazine and the aldehydes unite, with elimination of water, to form in 
nearly all cases well crystallised, indifferent bodies, containing the residues of 1 mol. 
of each reagent : in this respect they differ from the otherwise, similar derivatives of 
the ordinary amine bases. Some of the compounds tlius formed are very stable, 
while others are completely decomposed by boiling with water, or by prolonged ex- 
posure to the air. By heating with fuming hydrochloric acid, they are all completely 
resolved into phenyl-hydrazine and the corresponding aldehyde. 

Bensylidene^phenyUhydraside, C^ID’^N^ = C«H®— NH— NrzCII— C®H®. 
On mixing phenyl-hydrazine with bitter almond oil, a vfolcnt reaction takes place, the 
mixture becoming turbid from separation of water, and solidifying on cooling to a 
slightly coloured crystalline mass. In preparing large quantities it is advisable to 
moderate the violence of the reaction by adding about 2 vols. of alcohol, and to mix 
tho base and the aldehyde in equal numbers of molecules. The crystalline mass 
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which separates is filtered off and purified by recrystallisation from absolute alcohoh 
The reaction takes place according to the equation : 

,, + C'*H\C©H = H«0 + C‘*n».N*H.CH(C«H»). 

Benzylidono-phcnyl-hydrazide is quite colourless when pure, but quickly becomes 
rosc-rdd when exposed to the air. It molts at 152-6° ; distils without decomposition ; 

Fig 6 dissolves easily in hot alcohol, acetone, and benzene, springly in 

^ - ‘ ^ ^ dthor. By slow evaporation of a dilute alcoholic solution, it may 
be obtained in woll-defiiiod elongated prismatic crystJils (fig. 6) of 
rose-red colour. They belong to the monoclinic system. Axes 
a\h\ <? = 0-853 .* 1 .* 0-670. Anglo 40' 30". Observed 

, combination 8P . cioF2 . OP • —Poo, Angle ooP \ OP = 88® 14'; 

00 P : 00 Ji2 = 47® 30'. Plane of the optic axes ,'soincidont with 
the plane of symmetry. 

® ® n ^ Benzylideno-phenyl-hydrazidc does not reduce Fehling’s solu- 

tion, even with the aid of heat. By prolonged boiling with fuming 
hydro<Aloric acid, or better, with sulphuric acid of 30 per cent., 
it is slowly resolved into phenyl-hydrazine and benzaldoliyde. 

Ethylidene-phenyl-hydraside, G“1I\N=H.CH.CH*, is 
-—I ^ obtained by adding to an ethereal solution of phenyl-hydrazine 

mssooP; n=»P2; rather more than an equivalent quantity of recently distilled 
c=op ; d=— ®oo. acetaldehyde, till Jjio mixture no longer reduces Fehling’s solution. 

When the oily residue left on evaporation of the other is stii-rcd up with cold water, 
it gradually solidifies to a crystalline mass, w-hich may be freed from colouring matters 
and obtained pure by repeated crystallisation from ligroin. This compouml dissolves 
easily in ether and in alcohol, deliquesces slowly in the air to a red-brown liquid, and 
is resolved by boiling with water or dilute acids into aldehydo and phenyl-hydrazine. 

A product essentially different from the above is obtained W'hen the mixture of 
phenyl-hydrazine and aldehydo is directly heated witli strong hydrochloric acid. The 
solution then becomes dark green, and, on addition of \^ator or potash-ley, deposits a 
granulo-cpyst-illino mass 6f complex coidposition. It exhibits weak basic properties, 
and dissolves in strong acids, but is separated therefrom oven by water. It appears 
to bo a hydrazine-derivative produced ty further aldehyde-condensation, probably 
analogous to the bases which H. Schiff obtained in a similar manner from aniline. 

Phenyl-furfur azide, C"H''.N=1I.C^H^0. — When plienylhydrazino and furfural 
are mixed in molecular proportions, the liquid becomes very hot, and slowly solidifies 
on cooling to a yellow crystJilline mjiss, which may be purified by repeated solution in 
ether, drying w-ith calcium chloride, and precipitation with ligrcn’n. It then crystal- 
lises in fiiintly yellow laminae; melts at 96®; decompo.sc3 at a higher toniporaturo ; 
dissolves easily in alcohol and other, very sparingly in ligroin ; and is resolved by 
boiling with hydrochloric acid into phenyl-hydrazine and furfural. Its formation is 
represented by the equation : 

= H»0 + C«H».N*H.C»H<0. 


Phenyl-car bazides. 

Carbazides are compounds derived from carbamides or ureas by substitution of 
one or two bydriizino groups, N'W, for NlP-groups. Those iu which both t he NIP- 
groups are thus replaced are called simply carbazides; those iu which only one 
Nll®-group is repkeod are called semi-carb azides, thus: 

Phenyl -carbamide NII'‘'.CO.NH(C*IP) 

Phenyl-semicarbazide .... NH*.GO.N*H“(C®H*) 

Phenyl-carbazide N*H*.CO.N*H“(C®H*) 

Diphenyl-carbazido . . . (C“IP)N2H*.C0.N*H*(0*H*) 

There are also carbazic acids related in like manner to the carbamic acids, 
e.g. phenyl-carbazio acid, C*H».N*H®.OO.OH ; and thiocarbazidos, thiocarbazic 
acids, &c. analogous in constitution to the preceding, but containing sulphur in place 
of oxygen. • 

Carbazides are formed from hydrazines by reactions precisely analogous to those 
by which carbamides or ureas are formed frda amines ; but they differ considerably 
from carbamides in many of their reactions, the presence of the hydrazine-group 
exerting a modifying influence, which is especially conspicuous in the action of nitrous 
acid, and in tlie decomposition of the thiocai-bazates by alkalis. 



HYDRAZINE (PHENYL-). 1055 

Pbenyl-etbyl-BemloarWazlde, N2Hi^C®H'^).C0.NH(C‘H^), is formed by direct 
union of phenyl-hydrdzine and ethyl-carbimide : 

N*H>(C«H*) + CON(CW) = N*H*(p»H»).CO.Nn(C*H»). 

It dissolves in hot alcohol, and sejparatos therefrom in well-formed monoclinic tabdfar 
crystals, exhibiting the combination oo P . OP . + P . 5 oo (fig. 7). Axes a : J : c = 
0-8268 M : 1-1457. Angle «6* = 61° O'. Plane of 
^ho optic axes parallel to the piano of symmetry. 

Pirst median line in the acute angle ac. It molts 
at 151°. Ileatcd to 100° with strong hydro- 
ehluric acid, it is resolved into ethjlamine, phe- 
nyl-hydrazinc and carbon dioxide : 

(C«Hs)N*H'*.CO.NH(C2IP) + IPO « 

+ C2IP.NH2 + CO*. 

Nitrous acid converts it into a nitroso-derivative, 

C«lP.N*H(NO).CO.NH(C*H*), which crystallises 
in slender yellow needles, melts at 86-5°, and is 
decomposed by boiling with alkalis into ethylamino, 
diazobenzenimide and carbon dioxide, according to the equation : 

C®IP.N*1I(NO).CO.NH(C*HO = NH*(C*n^) + C*H*N» + CO*. 

Pbenyl-semlcarbazlde, N*H*(C®IP).CO^klP, obtained by the action of potas- 
sium cyanate on a normal salt of phenybbydrazino, crystallises in colourless plates 
molting at 170 °. It is analogous to tho preceding compound in all its reactions. 

Pbenyl-bydrazlne Pbenyl-oarbazatOp 

(C*IP.N*IP)*CO'- = C-II^N^H^.CO.O.N^nXC-H*^). 

Phenyl-hydrazine absorbs dry carbon dioxide very readily, and soljdifies to a white 
crystalline mass having this composition. (The same compound is moro easily pre- 
pared by saturating a cooled emulsion of 1 pt. phenyl-hydrazine and 10 i)ts, water 
with carbon dioxide, and may bo obUined by rapid filtration, pressure between filter- 
paper, and washing w-Ith other, as a white crystalline mass, soft to tho touch, and 
having a rather strong odour recalling that of phenyl-hydrazine. It dissolves sparingly 
ill water and in ether, easily in alcohol, from which, however, it cannot again bo 
separated. Acids and hot water decompose it readily. On exposure to the air, it 
gives olf carbon dioxide, and dolique.sces to an oily red-brown mass. It volatilises 
easily in a stream of carbon dioxide, and immediately reduces Fchling’s solution. 

Pbenyl-bydrazlne Pbenyl-tblocarbazate, 

(C«H5N*IP)*CS* = C«H*.N*H*.CS.S.N*H<(C*n^), 

is formed in like manner by direct addition of CS* to phenyl-hydrazine, tho combina- 
tion taking place at ordinary temperatures and being attended with considerable 
evolution of heat, on wliich account it is necessary to mix tho base with 4 vol. ether 
before adding the carbon disulphide, otherwise decomposition will ensue. The liquid 
boils up violently, and tho salt immediately separates in the solid form ; it may be 
obtained pure by filtering and washing with ether. It is sparingly soluble in ether, 
carbon sulphide, chloroform, and ligroiii, easily in warm acetone, and crystallises from 
ether by spontaneous evaporation in six-sided tablets or prisms. The freshly pre- 
pared substance, when quickly heated in a capillary tube, melts between 96° and 97°i 
with slight e.volution of gas, to a slightly yellow liquid ; by slower heating, on the 
other hand, it is completely decomposed, witliout fusion, at a much lower temperature. 

The position of the sulphur-group in tho constitutional formula above assigned to 
this salt is analogous to that which it occupies in the thiocarbamates, and is further 
justified by tho resolution of the compound, under the influence of acids, into phenyl- 
hydrazino and pheuyl-thiocarbazip acid : 

C«mN2H*.CS.S.N*HXC«H») = C®H».N*H*.CS.SH + C®H».N*H». 

Pbenyl-tblooarbazlo aold* C’H®N*S*, is precipitated, on adding dilute sulph- 
uric acid to a solution of the phenyl-hydrazine salt in dilute aqueous potash, in tliin 
shining lamina*, Avliich have at first a gcconish colour, iil-ising from admixture with a 
djirk colouring matter, but may be purified and render^ quite white by filtration, 
pressure, stirring up with the smallest possible quantity of absolute alcohol, and 
repeated filtration. 

This compound possesses marked acid properties, dissolving easily and without 


Fig. 7. 
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q = Soo. 
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decomposition in alkalis, but no definite salts have yet been obtained from it. It dis- 
solves readily in ether, acetone, glacial acetic acid and alcohol, but decomposes in 
those solutions with extraordinary facility into the phenyl-hydrazine salt and free 
csrbon disulphide. The same decomposition takes place, though much more slowly, 
in the dry state at ordinary temperatures, quickly at a moderate heat, but the 
phenyl-hydrazine salt is then further resolved into ir'^S and diphenyl-thiocarbazido ; 

2(C«IP.N*mCS.SH) = CS2 + C«H\N-H2.CS.S.N*H^(C«H») ^ 

and = H^S + (C-H^.NWyCS. 

Oiplienyl-tblooarbazlde, (C*JI*.N*IP)CS. To prepare this compound, the 
crude salt obtained by combination of phenyl-hydrazine and carbon disulphide 
(p. 1056) is freed from ether by pressure and drying in contact with the air, then 
finely pulverised and heated to 110^-140° in an oil-bath, in layers of' moderate thick- 
ness, whereupon it fuses, swells up, and gives off large quantities of hydrogen 
sulphide. The gaseous products of the decomposition are removed by a stream of 
carbon dioxide, the action of the heat being assisted by occasional stirring of the pasty 
mass, and the operation is interrupted as soon as the odour of hydrogen sulphide is 
replaced by that of ammonia. The greenish melt thus obtJiined solidifies on cooling 
to a crystalline muss; and on pulverising this mass, exhausting it with absolute 
alcohol, which dis.solves the greater part of the secondary products, and rpcry.stalli.sing 
the residue from hot alcoliol -prolonged boiling being avoided as much as possible— 
the thiocarbazido is obtained in hard ‘iolourless triangular prisms. 

Diphenyl-thiocarbazido dissolves sparingly in alcohol, acetone, chloroform, benzene, 
and glacial acetic acid, sparingly at ordinary, more readily at higher tefiiperAtures ; 
aniline also dissolves it with tlio aid of heat, forming a solution of deep green colour 
in thin layers, dark red in thicker layers. The solution in glacial acetic acid also 
becomes green to dark red on boiling, and the same coloration is produced, though 
slowly, in the solutions of the thiocarbazide in hot alcohol, benzene, and chloroform — 
further, though in a lesser degree, by the action of heat on the dry substance. The 
, red colouring matter is, however, most ersily produced by the ugcncy of dilute aqueous 
or alcoholic potash, which dissolves the thiocarbazide readily at a gentle heat, forming 
a dark red solution which, on acidulatiou, deposits the colouring matt(;r in blue-black 
flocks. On separating these by filtration, dissolving them in warm chloroform, and 
precipitating with alcohol, the colouring matter is obtained in blue-black slondi-r 
microscopic needles. 

The analysis of this rod colouring matter loads to tho formula accord- 

ing to which it contains 2 atoms of hydrogen less than diphenyl-thiocarljazido ; but 
as tho analytical differences between the two bodies arc but small, and the mode of 
formation of the red substance, in w’hich the conditions of oxidation can scarcely bo 
said to be present, gives no account of tho removal of thft.se two hydrogen-atoms, it is 
more probable that the red substance is an isomerido of cliphonyl-thiocarbazido, pro- 
duced therefrem by atomic tran.sposition. It is to some extent analogoits to Eaeycr’s 
phenol-colouring matters, and to tlic nitrogenous colouring matters which Liobormann 
obtained by the action of nitrou.s acid on phenol and its homologues Suppl. 901). 

The solution of the red colouring matter in chloroform is splendidly dichroic, tho 
dark red of the tliicker strata passing, on dilution, into a bright green of great 
intensity. The same solution when treated with bromine, yields suljstitution-products, 
characterised by the brilliant metallic reflection of the solid siibstancn. 

The alkaline solution of tho red substance is quickly reduccjd by zinc-du.st ; yield- 
ing a colourless liquid, which becomes violet-red on exposure to the air ; and on 
acidifying this red s<Slution, a new colouring matter is precipitated in the form of red 
crystalline flocks. 

Dlpbenyl-tblosemlcarbazldei is prepared by mix- 

ing tho alcoholic solutions of phenyl-hydrazine and phenyl-thiocarbiinido ; 

C«H».N2H® + CSN.C®H* = C®IP.N21D.C\S.Nir.C®IP. 

It immediately separates in the crystalline form, and may bo obtained by one crystal- 
lisation from alcohol in colourless prisms. It is in.soluldc in water, slightly soluble 
in ether, carbon disulphide and ligrpi’n, more readily in acetone, hot alcohol, and 
glacial acetic acid, and separates from most of thc.s(! solvents in stellate groups of 
slender prisms. It melts atU77°f and, liko^ most salts and derivatives of phenyl- 
hydrazine, becomes strongly electric by friction. It dis.solves in dilute aqueous 
alkalis easily but without coloration, and is precipitated from the solution by acids 
in its original state. Tho stability of this body in alkaline solution shows that it 
differs in constitution from diphcnyl-tliiocarbazide and that both the hvdrazine- 
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groups of the latter concur in the formation of the colouring matter produced from 
it by the action of alkalis. By prolonged boiling with strong hydrochloric acid, 
diphenyl-thioscmicarbazide is resolved, like thioc^banilide, into its generator's, 
phenyl-hydr^ine and thiocarbimide. Its hot alcoholic solution immediately reduces 
mercuric oxide, acquiring a dark red colour, and depositing on cooling, crys^illine 
flocks of the same colour, the composition of which has not been ascertained. 

^ Paratolyl-bydrazlne, == = C«II\C1P).NH.NIP, 

[CIP : N*H* = 1 : 41, is prepared from paratoluidine in the same manner as phonyl- 
liydrazine from aniline (p. 1048), and crystallises from the ethereal solution of the 
cnido product, on cooling to a low temperature, in thin white lamin®. It melts at 
61", and boils, with slight decomposition, at 240°-244° ; dissolves readily in alcc.hol, 
ether, and benzene, sparingly in water. Dibensoyl-tolyl-hydrasine molts at 188® 
(Fischer, Ber, viii*. 589 ; ix. 890). 


E. SECONDARY Aromatic Hydrazines. 

The primary hydrazines being formed by substitution of an alcohol-radicle for one 
atom of liydrogon in the group NIH — NH*, it is easy to seo that the introduction of 
a second alcohol -radicle may give rise to two isomeric secondary derivatives, accord- 
ingly as tho two alcohol-radiclos are attached the same or to different atoms of 
nitrogen. To tho latter class belong the well-known hydrazo-compounds, 
K— E', €.q, hydrazohenzone (Is^ 209, 271); to tho former tho 

unsymmetrical bases — NIH, which we have now to consider. 

The two isomeric derivatives of each pair are in all probability formed simiilta- 
noc'usly by the action of alcoholic bromides on tho primary hydrazines, but it has not 
yet been found possible to separate them. The unsymmetrical secondary bases are 
much more resulily obtained, and* indeed as solcb products, by leduction of tho nitros- 
amincs of secondary amines, e.g. cthyl-phonyl-nitrosamine or nitroscthyl-aniliiie, 
(1®IPN(CHP)N0, prepared by tho action of nitrous acid on cthyl-anilino diysolved in 
<liluto hydrochloric acid, or of potassium nitrite on ethyl-aniline hydrochloride 

(p. 206). 

MCethyl-plienyl-hydrazlne, (C®H*)(C'*H*)N — NH*. To prepare this base, 
30 grams of methyl-phenyl-iiitro.samino dissolved in 120 grams of 50 per cent, acetic 
acid and tho requisite quantity of alcohol, aro added gradually and -with agitation 
to 200 grams of cooled 90 per cent, alcohol in which 150 grams of zinc-dust are 
suspended, tho temperature not being allo'wod to rise Jibove 30°. Tho products 
of sov(jral such operations are 'united, filtered, and supersaturated with strong 
soda-ley ; and tho resulting solution is either distilled with steam, or directly ex- 
hausted with ether. Tlio ether-alcoholic extract is acidulated with sulphuric acid 
and twaporated -tho aciduhition being necessary to prevent the volatilisation of the 
base with the alcohol-vapour ; — the aqueous residue is supersaturated with soda-ley ; 
the oil which then stjparates is dri^ with pobxssium carbonate and distilleil ; and 
the fraction wliich passes over between 190" and 240° is left to stand in shallow 
vessels over sulphuric acid to free it from ammonia. The residue thus obtained is 
a mixture of methyl-plicnyl-hydrazino„and mot byl-ani lino, which may bo sepamted 
by converting them into sulphates and crystallising these salts from alcohol, in which 
the hydrazine .salt dissolves less easily than tliat of methyl-aniline. •For this purpose 
the crud(i base is mixed with tho calculated quantity of sulphuric acid ; tho mixture is 
cajoled to 0° and diluted with an equal volume of absolute alcohol.; tlio crystalline 
mass which separates is filtered on a vacuum-filter, and tho residue, after washing 
with alcohol, is freed as far as possible from mother-liquor by pressure between filteiv 
paper, whereupon tho greater part of the mothyl-anilino salt passes into solution, 
still however mixed with a not inconsiderable quantity of methyl-phenyl-hydrazine. 
Tho mixture of bases obtained by supersaturating tho mother-liquor with soda-ley, 
may bo utilised for tho preparation of substitution-derivatives of methyl-phonyl- 
hydrazine, which are more easily separated from tho metliyl-anilino. Tho separated 
sulphate of methyl-phenyl-hydrazinc may be completely purified by once recrystallising 
it from absolute alcohol, and drying the white crystalline mtjjSs at 100°. The aqueous 
solution of this purified salt supersaturated with a strong alkali, yields tho base in 
the form of an oil, which may be dried with potassium carbonate and rectified. 

Methyl-phenyl-hydrazino is an oily liquid, colourless when freshly prepared, but 
soon becoming dark-brown by oxidation when exposed to the air. It remains liquid 
at -17® and boils at 223°-224° (bar. 715 mm.) which is 10° lower than the boiling 
3rrf Su^, 3 2} ‘ 



1058 


HYDRAZINE (METHYL-PHENYL-). 

point of phenyl-hydrazine. In this respect it differs from the ordinary amine-bases— 
in which the introduction of each successive alcohol-radicle is attended with a rise 
ili^the boiling point — but resembles the substituted carbamidos. It dissolves sparingly 
in cold, more readily in hot water, and mixes in all proportions with alcohol, ether, 
cblor^orm, benzene,, anil carbon disulphide. Towards oxidising agents it exhibits 
greater stability than phenyl-hydrazine. Its sulphate, (C®H*N'^ITOH*)'^SO<, forms 
thin white shining 4aminre. The other salts are very soluble in water, and in alcohol, 
and difficult to obtiin in the crystallised state. Mothyl-phenyl-hydriizino, likJ' 
phenyl-hydrazine, unites with 1 mol. bromide or iodide of ethyl to form well-crystal- 
liscd azonium-compounds. 

By the action of nitrous acid on the salts of methyl-phonyl-hydrazino, the base 
is resolved into methyl-phenyl-nitrosamine and nitrogen monoxide : 

(C«H»)(CIP)N2H* + 2mm * (C«H»)(CIP)N=0 + N=0"+ 2n*0. 

Methyl-phonyl-hydrazino in excess, and diazobonzeno nitrate mixed up to an 
emulsion with water, act on one another rapidly at ordinary temperatures, producing 
methyl-aniline, diazobenzonimido and nitric acid : 

(C«H»XCH*)N*H* + CW.N^.NO* = {C«H»)(CH>)Nn i- C»1I*N* + NO®II; 
and further the oxidising action of the nitric acid gives rise to the formation of 

Qaj£5) (C®H* 

Dimethyl-diphenyl-tetrazone, — NrrN — . This compound 

is likewise obtained, and more readily, by grsidunlly adding small quantHios of mer- 
curic oxide to a solution of methyl-phonyl-hydrazino (best of the crude product) in 
eight times its quantity of chloroform. The solution, which must bo well cooled, 
becomes dark brown, and the reaction is complete when the liquid, after being loft 
at rest, no longer gives off gas. The filtered solution is evaporated to a small bulk, 
mixed with aUohol, and the crystalline mass wliich separates is pressed and re- 
crystallised from alcohbl, to which a- little zinc-dust and a very small quantity of 
glacial acetic acid have been added to promote decolorisation. By repeated crystal- 
lisation from alcohol, the totrazono is 'obtained in thin colourless laminae wliich melt 
with decomposition at 133®. It dissolves easily in carbon sulphide, sparingly in cold 
alcohol and ether; is not altered by hot water, or by oxidising or reducing agents. 
Aciils added to its alcoholic solution resolve the compound into nitrogen and methyl- 
aniline, the liquid becoming deep blue. In chloroform solution it unites Avith utdine, 
forming the compound 41, which consists of black microscopic needles, is 

very slightly soluble in chloroform, and very unstable, detonating when dry oven at 
the ordinary temperature of a room ; and decomposed by molecular silver into silver 
iodide and the totrazone. The iodine-compound is also readily decomposed by dilute 
alkalis. 


Derivatives of Methyl-phenyl’hydrazine, 

This baso acts with hensoyl chloride and henzaJdehyde in the same way as plienyl- 
hydrazin 0 (p. 1052), forming crystallisablo compounds; it is strongly attacked by acetic 
anhydride and ethyl isocyanate. It does not unite with carhon disulphide at ordinary 
temperatures ; but on applying heat, hydrogen sulphide is evolved and the mixture 
soli^fios to a crystalline mass. 

Methyl-phenyl- semicarh azide, — Nil — CO — NIP, is formed on 

mixing a concentrated solution of the crude baso confciining a slight excess of hydro- 
chloric acid with an equivalent quantity of pure potassium cyanate, and separates as 
a dark brown oil which gradually crystallises on cooling. It may bo purified by 
pressure between bibulous paper and solution in the smallest possible quantity of hot 
benzene, from which it partly crystallises on cooling, and the rest may be precipitated 
by ether. By repeating those operations, the compound is obtained as a dazzling 
white mass of slender crystals. It melts at 133®, dissolves readily in hot water, 
alcohol, and hot benzene, less readily in ether, ligrom, and cold water. With strong 
hydrochloric acid, it forms an unstable hydrochloride; heated to 100® with hydro- 
chloric acid, it is resolveiinto ammonia, carbon dioxide, andmethyl-phonyl-liydrazine. 
Fehling’s solution does not act upon it ; hilver nitrate only at the boiling heat. With 
nitrons acid it yields a nitroso-derivativo, (C»JPXCII»)N.N(NO)C().NIP, which 
crystallises in thin laminae having a golden lustre; melts at 77°; is slightly soluble 
in water, and forms Liebermann's colouring matters with phenol and sulphuric acid 
901). 
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Methyl^diphenyl^thiosemicarhazide, (C®H*)(CH®)N,NH.CS.NH(C*H*), 
prepared from mothyl-phonyl-hydrazine and phenyl-thiocarbimide, melts at 154° and 
dissolves readily in hot alcohol, chloroform, and benzene. The boiling chlorofojpi 
solution is desulphurised by yellow mercuric oxide. 

Blpbenyl - liy d r a z I n e, C**1I**N2 _ (C*H*)*N — NIP. This base, metameric 
with hydrazobenzoiie (Is^ Suppl, 209, 271), is formed by the action of zinc and glacial 
poetic acid on an alcoholic solution of dipheiiylnitrosamino (p. 209), the acetic acid being 
added by small portions and the vessel kept cool. When the action is complete, the liquid 
is filtered, concentrated to one-fourth of its bulk, then diluted with an equal volume 
of water, and mixed gradually with a largo excess of fuming hydrochloric acid, the 
mixture being all the while kept cool and stirred. On cooling, tho hydrochloride, 
which is but very^ slightly soluble in strong hydrochloric acid, separates out in blue 
needles contaminated with diphonylamine, which is produced simultaneously with tho 
hydrazine base, but may bo easily removed by recrystallising tho crude product from 
hot very dilute hydrochloric acid, tho greater part of the diphonylamine remaining as 
an oil. Tho hydrazine baso may then be reprocipitated from tho filtrate by strong 
hydrochloric acid, and by repeating those operations several times, tho hydrochloride is 
obtained quite free from diplienylamino. It is still, however, slightly blue, but by 
recrystallisation from hot alcohol it may ho obtained in slender colourless needles. 

Iliphenyl-hydrazino, separated from the pure hydrochloride by caustic soda, is a 
faintly yellow oil which becomes viscid at but does not solidify. When 

heated it partly volatilises undecomposed, ami is partly resolved into ammonia, 
diplienylamino, and non-volatilo resinous products. It dissolves very easily in ether, 
alcohol, 4jenz«ne, and chloroform, very sparingly in water. It is a mono-acid baso, but 
its salts are much less stable than those of phenyl-hydrazine and methylphenyl- 
hydrazino, being partially decomposed oven by water. Tho hydrochloride forms white 
needles very slightly soluble in cold water and in strong hydrochloric acid. The 
aqueous solution, saturated in tho cold, becomes turbid on warming, from separation 
of tlio baso, but clear again as it cools ; tho solution in dilute hydrochloric acid is 
quite stable. Tho sulphate, [(C®ir^)“N*H*J*''SO\ is moderately soluble in hot dilute 
sulphuric acid, and separates oii cooling in needles mostly having a blue tint ; like the 
hydrochloride, it is partially docomiioscd by pure water. Tho nitrate crystallises in 
slender needles sparingly soluble in cold, somewhat more freely in hot water. 

Diphenyl-hydrazine is distinguished from tho isomeric body hydrazobenzene, 
C^IP.NH — NIf.C*II*, by its beliaviour to nitrous acid and to oxidising agents, and by 
its capability of forming substitution-products by the entry of alcohol- or acid-radicles 
into tho nitrogen group N-H*, — a substitution which, though theoretically possible 
in tho case of hydrazobenzene, has not been actually eifectod. 

Action of Nitrous Acid. — Hydrazobenzene, as shown by Baeyer (Ber. ii. 683), 
when treated with nitrous acid, in an alcoholic solution cooled by ice, is converted 
into a ni troso-com pound, probably C"H* — N(NO)— (NO)N — C“H*, which is de- 
composed, partially at ordinary temperatures, and completely with slight detonation 
when gently heated, into nitrogen dioxide and azobenzene. 

Diphenyl-hydrazine, on tho other hand, is decomposed by nitrous acid, similarly 
to mcthylphenyl-hydrazino, into d iphenylnitrosamine and nitrogen mon- 
oxide: 

(C«1D)=N-IP + 2NO''H =. (C^H^y^N'-'O + N^O + 2H20. 

0.vidatwn. — Hydrazobenzene, under tho influence of oxidising agents, is easily and 
completely converted into {izobonzeno. The mode of oxidation of dtphcnyl-hydrazino 
varies — us in tlio case of tho hydrazines previously described — according to tho reagents 
used, the temporatiiro, and tho concentration of tho solutions. By Fehlinfs sohitwn^ 
the baso, on account of its sparing solubility in water, is but very slowly attiuiked, 
even with tho aid of heat. By mcrairic oxide, silver oxide, and ferric chloride, oxida- 
tion is rapidly effected oven in tho cold, niid at higlior temperatures the greater part 
of the baso is resolved into nitrogen and diplienylamino, perhaps according to the 
equation 

2(C«IP)2NHH + 0 = 2(0«H*)®NH + N- + H^O. 

At tho same time there is formed a greater or ‘smaller quantity of a blue-violet 
nitrogenous colouring matter easily soluble in alcohol, tho pmposition of which has 
not yet been determined. If, on tho other liand, the oxidation takes place in the 
cold, and in very dilute solution, there is formed, together with products just men- 
tioned, a variable quantity of a compound, C*‘H^N^, which, from its resemblance to 
dimcthyl-phenyl-tctrazono (p. 1058), may bo called tetraphenyl-totrazouo, and 
represented by tho constitutional formula, (C®H*)*N— N=:N—N(C®H*)*. 
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This compound is most readily prepared by agitating diphenyl-hydraziHe with a 
very dilute solution of ferric chloride, as neutral ns possible and well cooled, where- 
iifron the liquid assumes a blue^iolet colour, and gradually solidifies to a crystalline 
mass, the reaction being complete when the product has become perfectly solid. This 
crude^ product is washed on a filter, first with water, then repeatedly with alcohol, 
which removes diphcnylamine and colouring matt er, leaving the tetrazone ns a slightly 
coloured crystallinft mass, which may bo further purified by rubbing it to powder, 
boiling it with small quantities of alcohol, and recrystallising it several times from 
pure warm carbon disulphide. 

Totraphonyl-tetrazone melts at 123® to a yellow liquid, with evolution of gas, and 
fonpation of diphenylamine and non-volatile products. It dissolves sparingly in ether, 
alcohol, chloroform, and ligroin, with moderate facility in warm carbon disulphide. 
When drenched with concentrated acids, it turns blue and slowl)» dissolves, decom- 
posing at the same time; on heating the liquid the blue colour changes to dingy green. 

Benzoyldlphenyl-bydrazlnei C'*H‘*N®0=(C®H“)®N®1I.CO.O*H*. This com- 
pound is obtained by gradually adding 1 mol. benzoyl chloride to a solution of 2 mol. 
diphenyl-hydrazine in a ton-fold quantity of ether, washing the crystalline mass which 
separates with slightly acidulated water to remove diphenyl-hydrazine hydrochloride, 
and crystallising the residue from hot acetone. The benzoyl-derivative then separates 
in white slender needles having a vitreous lustre. It dissolves easily in hot acetone 
and chloroform, less easily in alcohpl and ether. It melts at 192'^, and decomposes 
at a higher temperature. By concentrated acids it is slowly resolved into benzoic 
acid and diphenyl-hydrazine. 

Benzylidene-dipbenyl-hydraadne, C*®H*®N' = (C®H*)'-N*.CH.C^*, fs formed 
on mixing diphenyl- hydrazinfe and bonzaldehydo in molecular proportions. This solu- 
tion immediately becomes turbid, from separation of water, and on cooling solidifies 
to a crystalline mass of the benzylidene-componnd, which may be purified by 
rcciystallisation from hot alcohol. 

Benzylidone-diphenyl-hydrazine fojms small crystals mostly having a faint yellow 
colour, and no very characteristic form. It is easily soluble in ether, chloroform, and 
benzene, slightly soluble in cold watou Its melting point is 122®, which is remarkable 
as being lower by 30^ than that of benzylidene-monophonyl-hydrazino (p. 1053). 

Btbyl-derlvatlvea of Pbenyl-bydrazlne. It has already been observed 
(p. 1051) that, by the action of ethyl-bromide on phenyl-hydrazine, there is formed, in 
addition to phenyl-diethylazoniura bromide, C®H*.N‘-H2(OTl^)(C'^U®Br), a mixture of 
volatile bases. These cannot bo separated from one another by fractional distillation, 
but their separation may be effected by taking advantage of the difierent beha\iour of 
the several substituted hydrazines towards oxidising agents, especially mercuric oxide, 
the primary bases being tlieroby completely decompose, with evolution of nitrogen, 
the unsymmctrical secondary bases converted into indifferent tetrazono-compounds 
(pp. 1058, 1059), and the symmetrical secondary bases (hydrazo-compounds) into azo- 
compounds, while tho tertiary bases remain unaltered. 

The crystallised mixture of hydrohromidcs obtained by warming phenyl-hydrazine 
and ethyl bromide in molecular proportions, is dissolved in water and mixed with 
alkali ; tho oily bases thereby separated are dissolvc^l out with other ; and the residue left 
on evaporating the ether is mixed with strong hydrochloric acid to remove unaltered 
phenyl-hydrazine. Tho filtrate contains tho whole eff the volatile ethyl-bases, which, 
after addition of alkali, may again be extracted with ether, and at once treated in this 
solution with an pxcess of yellow mercuric oxide. Tho dark brown solution resulting 
from the oxidation is shaken up with dilute hydrochloric acid to remove basic products 
consisting of a tertiary hydrazine base not yet examined, together with small quantities 
of aniline and ethylaniline ; and on evaporating off the ether from the remaining 
liquid, there remains a dark-coloured oily residue which, after a while, solidifies 
partially to a crystalline mass ; and this, when separated from tho mother-liquor, and 
repeatedly crystallised from hot alcohol, is obtained quite white, and has tho com- 
position of d 1 e t hy 1 - d i phenyl - 1 e tr az one, (C®H®)*(C*II*)2N® 

The non -crystallising oily product distilled with steam yields a light yellow oil 
smelling strongly like phenyl cyanide, and consisting chiefly of azophenylothyl, 
C*H*.N=iN.C®H®, the nitro-derivativc of which was obtained by Meyer a. Arnbuhl by 
the action of diozobenzene sulphate on sodium nitroethane (p. 137). 

Azophenyl-ethyl volatilises without d«?composition, is not acted on by dilute acids, 
is dissolved without alteration by strong bydr^hloric acid at ordinary temperatures, 
but completely decomposed when heated therewith. It unites with iodine dissolved in 
carbon sulphide, forming a dark-coloured, heavy uncrystallisablo oil. It is not altered 
by Fehling^s solution, even at the boiling heat, but when treated in alcoholic solution 
with zinc-dust and acetic acid, or zinc and hydrochloric acid, it is completely converted 
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into etiry 1-phenyl-hydrazine, OTP.NIl — NH.C*H\ This base distils without 
decomposition ; r^uecs Fohling’s solution at a gentle heat ; forms easily soluble 
salts ; and is reconverted by mercuric oxide into the azo-compound (W. Ehrhardt 
a. E. Fischer, Dfut, Chem, Ges. Ber, xi. 613). ^ 

# 

C. Hydrazines of the Fatty Serie«. 

% 

Ettayl-liydrazlne* C^U\NH.NH- (E. Fischer, Bcut. Chem, Ges. Ber. 
ix. 111). This compound is obtained from diethyl-nitrosocarbamide, 
(C'-H'‘)NH — CO— N(C“Il*)~NO (see OARitAMiDES, p. 390), by reducing that com- 
pound in alcoholic solution with zinc-dust and acetic acid to diethyl-IiydraJne- 
airbamide, (C“H.^)NU — CO — N(C-1[^) — NIl'^, and heating the latter with strong 
hydrochloric acid, whereby it is resolved into carbon dioxide, cthylamine, and ethyl- 
hydrazine : 

^ = (C*H‘)NH,NH*, 2nCl + OTP.NH*. HCl + COS 

The dikydrochloride of ethyl-hydra zim crystallises in needles which give off part 
of their hydrochloric acid when warmed, leaving a syrupy salt, probably the 
monohydrochloride, closely resembling that of diethyl- hydrazine. The free base 
volatilises without decomposition, dissolves cai^ly in water and in alcohol, smells 
strongly ammoiiiacal, and exhibits reactions exactly analogous to those of phenyl- 
hydrazine. 

The hyc?razinc8 of the fatty group contiining two alcohol-radicles are produced 
by reduction of the corresponding nitrostimines with zinc-dust and acetic acid (E. 
Fischer, Bcut, Chem. Ges. Jkr. viii. 1587 ; xi. 2206). 

XHettayl-hydrazlne, C'II*‘-N- = (CW’)’*N.NII-, is formed, together with 
ammonia and diethylamino, by reduction of dietliyl-iiiti*osaniine {2nd Stifpl, 861). 

(C*H‘‘)2N.NO + 2fP (C*H )^N.NH- + IPO 
and (C*H*‘)*N.NO + 3IP - (OTPy^NJI + NIP + H*0. 

The action begins at ordinary temperatures, and may easily bo regulated by gradual 
addition of the zinc and acetic acid ; towards the end however it must bo assisted by 
gently heating the liquid till the pungent odour of tho nitrosamiuo is no longer 
perceptible. The liquid is then filtered, supersaturated 'with potash, and distilled; 
tho distillate containing tho three bases is neutralised with hydrochloric acid and 
evaporated to a syrup, whereby tho ammonia is almost completely removed in the 
form of a crystalline mass of sal-ammoniac, easily separated from the deliquescent 
hydrochlorides of tho other two bases ; and the filtrate treated with solid potassium 
hydrate and calcined pesirlash yields a light nearly colourless oil consisting of diethyl- 
amino and dicthyl-hydraziiic. 

These two bases are separated by moans of ethyl iodide, with which tho hydrazine 
unites directly to form triethylazonium iodide, (C'^n*)'^N-IP.C*H*I, whilst tho 
diethylamine, if tho process is carefully conducted, is converted, first into triethyl- 
amino, and only at a later stage into tctrcthyl-ammoniiim iodide. Tho formal ion of 
this lust compound must however be prevented as far as possible, since its subsequent 
separation from tho tetrethybazonium compound docs not appear to be possible. 
The best way of proceeding is to treat 10 grams of tho mixed bases with the calculated 
quantity of ethyl iodide ; heat tho mixture gently in a reflux apparatus ; cool tho 
vessel externally as soon as tho liquid becomes strongly heated bj*tlic reaction ; and 
then add water. The undecomposod ethyl iodide thereby separabid is dissolved out 
by other ; tho remaining aqueous solution, after ntldition of potash is freed from 
volatile bases by distillation ; and on mixing tho residual liquid with strong potash- 
ley, tho triethylazonium iodide is prccipitiited as a colourless oil which ^oou 
solidifies, and may be purified by crystallisation from hot alcohol. 

This compound, Nil*, crystallises in slender white needles, easily 

soluble in water and in hot alcohol, nearly insoluble in concentrated alkalis, and forms 
a sparingly soluble double salt with platinic chloride, I3y silver oxide and water it 
is easily converted into tho corresponding liydr^ido, which is soluble in ■writer, has 
a strong alkaline reaction, and is decomposed by heat like the corresponding am- 
monium hydroxides, into water, ethylene, and diethyl-hydrazine: 

(CHI»)«N(01I).Nn* = H*0 -V C*H* + (C*IP)2N.NH*. 

To prepare diethyl-hydrazine in quantity by this process, the aqueous solution of tho 
hydroxide is distilled in an oil-bath, tho temperature being ultimately raised to 
140^-160°, whereby a distillate is obtained consisting of an aqueous solution of the 
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hydrazine, 'whicli is to be mixed with hydrochloric acid, concentrated, and decomposed 
with potash ; and the only base thereby separated repeatedly dried over solid potash 
and distilled. 

Diethyl-hydrazine is a colounoss mobile liquid having an ammoniacal odour, easily 
soluble in water, alcohol and ether, sparingly soluble in concentrated alkalis. Its 
boilin')' point appears to lie between 74° and 78® ; but this determination must not 
bo regarded as exa^t, since the base examined contained a small qinintity of triethyl- 
amine, resulting from the decomposition of tho tetrethyl-ammonium iodide forme(F 
as above mentioned, simultaneously with tho azonium compound. 

The salts formed by diethyl-hydrazine with mineral acids ai*o very soluble in water 
and in alcohol ; the hydrochloride deliquesces in moist air. Tho piemte is less soluble, 
andfcrystallises from a warm solution in slender yellow needles ; its aqueous solution 
decomposes at tho boiling heat, with evolution of nitrogen. • 

Oxidation. — Diethyl-hydrazine, like the aromatic hydrazines, is decomposed by 
Fehling’s solution, only with the aid of heat, being then resolved for the most part 
into diethylamine and nitrogen: 

2[(C5Hs)*N.NfP] + O = 2(C*IP)^NH + N* H"-0. 

By more energetic oxidising agents, on the other hand, mercuric oxide for example, 
it is converted into tetrethyl-tctrazone, (C“1D)‘N‘ — (C“H‘‘y‘'N — N“N — 
analogous in constitution to the compound C^H^.O — N~N — O.G-TP, which Zorn 
obtained by the action of cthyl-iodidj on nitrosyl-silver (see Nitkoso-cowpounds). 

To prepare tetrothyl-tetrazoiio, a*cold a(|ueou8 solution of diethyl-hydrazine (tho 
crude product answers best) is gradually mixed with yellow mercuric oxide, till the 
latter is no longer reduced. Tho liquid then becomes turbid from sepafatioti of an 
oil, which on agitation is for tho most part taki.-n up by the ixirous mass of mercury- 
compounds. The aqueous solution is liltered otF, and the residue repeatedly w’ashcd 
on the filter with small quantities of alcohol, whereby the tetrazono is dissolved, and 
separates again in the watery filtrate : it is then separated and dried over calcium 
chloride. , 

Tetrethyl-tetrazone Ihus purified fe an oily liquid having a faint yellow colour 
and peculiar alliaceous odour. It remains liquid at -17®, and is not volatile even in 
a vacuum. Heated to 13r)°-140® in a capillaiy tube, it decomposes slowly, with 
evolution of gas ; when a laiger quantity is quickly and strongly heated, it detonates 
slightly, and is resolved into nitrogen, diethylamine, and a pungent substance not 
yet examined. It has decided basic properties; being easily dissolved by dilute 
acids in the cold, and sepnrated therefrom }>y alkalis in its original state. Its 
j^tinockloride, 2(C®H*)*N '.PtCl®, separates from a moderately dilute alcoholic solution 
in long gold-yellow needles. It dissolves in cold water without alteration, but on 
boiling the solution, it is decomposed, giving off half its nitrogen as gas, and yielding 
at tho same time diethylamine and aldehyde. Tho same decomposition takes place 
when the tetrazono itself is heated with mineral acids, tho resulting solution con- 
taining diethylamine, together with variable quantities of aldehyde and a pungent 
substance not yet examined. The formation of diethylamine and nitrogen is repre- 
sented by the equation : 

(C*n*)^N« + II* = 2(C*IP)*NI1 + N*. 

Tetrethyl-tetrazone precipitates many of tho salts of tho heavy metals, and unites 
with mercuric chloride, forming a white, crystalline, slightly soluble mass having tho 
composition (C*n®)^NlHgCl*. It is ‘easily oxiHised by silver salts; on shaking np a 
cold emulsion of the, tetrazono with silver nitrate, an evolution of g;is takes place 
almost immediately, accompinicd by the formation of a silver speculum. Silver 
oxide attacks it only when aided by heat. With iodine it forms an explosive com- 
pound, which separates, bn agitating a solution of iodine in potassium iodide with 
small quantities of the base, as a dark-coloured oil which detonates even at a gentle 
heat. 

Action of Nitrous Add. — Diethyl-hydrazine is completely decomposed by nitrous 
acid at ordinary temperatures, tho product consisting for the most part of nitrogen 
monoxide and diethylamine, together with a small quantity of tetrethyl-tetrazone. 
The principal reaction is represented by tho equation : 

(C3»H‘)*N.NH* + NO^ = (C»H‘)*NH + N»0 + H*0. 

Bletbyl-oarbaslde, fC*fl*)*N.Nir.CC>.NH*, is formed by tho action of potas.sium 
cyanatc on tho neutral siilts of diethyl-hydrazine. It is easily soluble in water, but 
may be extracted by ether from a solution strongly supersaturated with potash, and 
crystallises in largo thin plates. With platinic chloride' it forms a double salt 
[(C*IP)*N*n.CO.NIl*]*PtCl®, which crystallises from alcohol in slender yellow needles. 
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Diethyl-carbazide is resolved by prolonged boiling with alkalis into carbon 
dioxide, ammonia, and tetrethyl-hydrazine. Nitrous acid converts it into an oily 
unstable nitroso-derivative. ^ 

Dimetbyl-liydrazlnei ^CII®)'N.NH*, formed by reducing dimcthyl-nirfo- 
samine with zinc-dust and acetic acid, is a light volatile liquid, having an amm^iacal 
odour, dissolving easily in water, alcohol, and ether, and reacting with Fehling’s 
solution in the same manner as the aromatic hydrazines, but les j readily ; it is also 
Unoro stable in presence of alkalis. Its haloid salts volatilise without decomposition. 
The hjfdrochlmide crystallises from alcohol and is very hygroscopic. Its plathio- 
chloride has the composition [(CIP)'-N — NII*.IICl]^PtCP (Fischer, Ber. ix. 111). 

BTDRAZOBfiirZEirB (BZCBZORO-). See Benzene-dekivatives (p. ?16). 

BTBBAZOBSBZSBB-SVZPBOBZC ACXB. See Sulfudnic Acids. 

BTBBAZOBEBZOIG ACZB. See Bexzoic Acid (Azoxy-) (p. 275). 

BTBBAZOZBBOEE. See Indole. 

BYBRAZOTOZVEBE. See Toluene. 

BYBRZOBIC ACZB. See Iodine. 

BYBROBEBZAMZBE, C^‘H'«N2=(0®H».CH)*N2 (iii. 183). Borodin {Bet. 
vi. 713) regards the transformation of this compound into the isomeric body, amarine, 
as analogous to the conversion of tertiary amine| into secondary and primary amines 
(2»rf 8upjd, 57). 

Lophine, (iii. 733) prepared by the dry distillation of hydrobenzamido, 

is very islowly attacked by alcoholic potash, with formation of ammonia and potassium 
benzoate. In presence of air, this act of decomposition is accompanied by an evolu- 
tion of light, which is clearly visible at + 10'’, and increases with the temperature 
until it attains its maximum intensity at 65'^. The luminosity ceases if the air is 
expelled from the vessel containing the lophine, either by boiling the solution, or by 
a current of hydrogen. A solujiion of lophine in glacial acetic acid ^oes not become 
luminous on oxidation with potassium permanganate. 

llydrobcnzarnide gives with alcoholic potash a feeldo evanescent light. Amarine 
similarly treated gives a slightly weaker light than lophine, forming at the same time 
ammonia and a crystalline base which melts at 204° (Radziszowski, Ber. x. 70). 

BYBROBEBZOSb, C ‘II»"(01 1 )*. See Dipuenylene Alcohols (p. 679). 

BYBROBZZiZRTJBZB. The substunco so named wdiich Maly obtained by 
reduction of tribromobilirulnn (p. 325), is regarded by Hoppo-Seyler as identical with 
the colouring matter produced by the action of reducing agents on hsematin (p. 921). 

BYBROBZBZVERBZB. Sec Bile-figments (p. 325). 

BYBROBROMOCVMBimACRYBZC ACZB, Soo Cinnamic 

Acid, 1Iomolo{;uks of (p. 502). 

BYBROCARBOXVS. A new and general method of producing hydrocarbons 
has been discovered by Friedol a. Kraft-s (Cb»e/>^. rend, Ixxxiv. 1392,1450; Ixxxv. 
74; J. pr. Chevi. [2], xvi. 233). It consists in treating organic chlorides (bromides 
or iodides) cither alone or mixed with hydrocarbons, with chloride of aluminium, 
zinc, or iron. When small quantities of anhydrous aluminium chloriilo are added 
to ami/l chloride, hydrochloric acid gas is rapidly evolved, together with hydrocarbons 
not al.)sorbod by bromine, and th(‘. liquid separates into two layers, one of which 
contains an extremely varied scries of hydrocarbons, ranging fnpm liiglily volatile 
bodies to products having a boiling point above that of mercury. The lower members 
belong to the paraffin series while the higher members are richer in carbon. 

When the aboA^e reaction is made to tiike place in pre sence of a hydrocarbon, the 
product is a combination of the radicle of the organic chloride Avith the hydrocarbon, 
less the hydrogen replaced. Thus, on mixing amyl chloride Avith a considerable 
excess of benzene, adding aluminium chloride by small quantities at a time, and 
submitting the products to fractional distillation, a liquid is obtained boiling at 
185°-190°, and having the composition and properties of amy 1-b enzen o, 

By using ethyl iodide instead of amyl chloride, cthyl-benzenois formed, together 
with many compounds of high boiling point. Similarly, by operating under suitable 
con<lition8 W'ith benzene and methyl chloride, toluonj^ and other higher deriva- 
tiA’os of benzene are obtained, viz. xyluno, mositylone, and duronc. Benzyl 
chloride and benzene yield diphenylmctliano; triphonylmothano is obtained 
from benzene and chloroform; totraphonylmotliano from benzene and carbon 
tetrachloride. Similar reactions, though less definite, are obtained with organic 
bromides and iodides; thus ethyl iodide and benzene yield ethyl-benzene. 
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Hydrocarhons obtained by the Action of Water and Acids oti the Carbides of Iron 
and Manganese . — Gloez (Compt. rend. Ixxyiii. 1566) has examined the hydrocarbons 
obtained by the action at a gontle heat of hydrochloric acid diluted with 2 vols. 
wilder on spiegeleisen containing \)'04 per cent, combined carbon, 0*06 MnO*, a small 
quantity of silicon, and traces of phosphorus and sulphur. The evolved gas was 
passed through two wash-bottles filled with water, then through an upright vessel 
containing lumps of pumice soaked in solution of cupric sulphate, and finally through 
a Woulfe’s bottle containing bromine under water. An oil then collected in the wash-# 
bottles, boiling between 118° and 124°, and having the composition of octylene 
The bromine-liquid yielded by distillation, no ethylene bromide, but a liquid having 
approximately the composition of propylene bromide, C®H®J3r*. The residue of the 
distillation heated with alcoholic potiish, yielded bromlieptyleno, C'll'^Br (b. p. 130°) 
and bromoctylene, C*H**13r (b. p. 150°). Soft pig iron did not yiel^ any oily hydro- 
carbon. 

Further experiments by Cloez (ibid. Ixxxvi. 1248) show that neither cold nor 
boiling water acts on spicgeleiscn, but that when superheated steam is passed over 
the alloy heated to dull redness, hydrogen, carbon dioxide and truces of marsh-gas are 
produced. 

By the action of dilute sulphuric acid on a ferromanganese containing iron 56-5 
per cent., manganese 38‘2 per cent., and combined carbon 5*0 per cent., large 
quantities of paraffins and olefines were evolved ; pure w’ator, however, acts only at 
temperatures above 300°. An alloy^ which gave by analysis, Mn 85*4, Fe 6*7, tSi 1’2, 
combined carbon 3*7, graphitic carlx)n 4*0, was readily attacked by water, yielding 
hydrogen, together with gaseous and liquid hydrocarbons. A similar .alloy, contain- 
ing 81*5 per cent, manganese, when acted on by water at 100°, yielded l^uiil"hydro- 
carbons and a gas which contained hydrogen mixed with olefines, the products being 
similar to those formed by the action of dilute acids on cast iron. 

From these experiments it follows that when warm water is decomposed by a 
carbide of manganese and iron, part of the hydrogen set free is evolved as sucli, 
while the remainder combines with the carbon to ^orm hydrocarbons, the metals 
being oxidised to monoxfdes. “ 

See also F. H. Williams (Bcr. vi. 83J). 

Hydrocarbons from Fatty Acids . — Hydrocarbons of the paraffin scries are obtained 
from the products of destructive distillation of the fatty .acids, by agitating the crude 
distillates with .strong sulphuric acid, treating the oil which rises to the surface with 
strong sulphuric acid, then drying and rectifying it. In this way, paraffins arc 
obtained containing from 5 to 1 1 atoms of carbon (Cahours a. Dcmar^ay, Compt. rend. 
Ixxx. 1568). 

Deoompofitlon of Hydrocarbons by Beat. Barbier has studied the 
action of heat on hydrocarbons by heating them to low redne.ss (not above 500°) in 
exhausted combustion-tubes protected by iron-plate. The decomposition thus effijcted 
he finds to bo more definite than that which takes place when the hydrocarbons are 
passed through red-hot tubes. Bibenzyl thus treated is completely resolved into 
stilbene and toluene : 2C'^H*^s=C'^H** + 2C^H*. Stilbene yields phenanthrene and 
totnene: 3C**H^* = 2C‘*H*® + 2C^H*. The decomposition of tolane is less definite, 
yielding a largo quantity of bulky charcoal, impreghated with a hydrocarbon which 
melts below 100° and smells strongly of diphenyl, together with a small quantity of 
benzene, ^id dUolylf (from bromotoluene and sodium), heated to 600° 

remains uiialtorcd for many hours, but is ultimately decomposed, with deposition of 
charcoal ; no anthr^ene or phenanthrene is produced. Liquid ditolyl (b. p. 280°-285°) 
heated to redness for five minutes is completely resolved into anthr<acene, toluene and 
hydrogen, 2C’^H'^»C'^H*® + 2C'H*; a small quantity of phenanthrene is produced at 
the same time, probably from an isomeric ditolyl. A mixture of ethylene and diphenyl- 
vapour passed through a red-hot porcelain tube yields, together with benzene, 
cinnamene and naphthalene, a mixture of phenanthrene and anthracene, in which the 
former predominates. The reaction therefore takes place partly according to the 
equation, = Bensrylrtoluene is resolved by heat into 

anthracene and toluene : 2C*®H** = C'^H'® + 2CT1* -r H*. A small quantity of phenan- 
threne appears also to bd'^foitlied. In products which Berthelot obtained in his 
investigation on the action of ethylefie and of cinnamene on benzene (Is^ Suppl. 261), 
Barbier has found both anthracene and phenanthrene. Phenylxylene heated to red- 
ness for three minutes yields anthracene, «ylene (convertible by chromic acid into - 
terephthalic acid) benzene and hydrogen : 

2C'^H'< =: C“H'® -h C*H'® + C«II« + m 
Liphenylmethane heated for five minutes yields antliracene, benzene, and a small 
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quantity of toluene, but no fluoreno : + 2C®H® + H®, and C'*H” + H* = 

C*II® + C’H*. A small quantity of phenanthreno appears also to be formed. VhemjU 
toluene (obtained by the action of sodium on a mixture of bromobenzone and liquid 
bromotoluene) yields when heated, benzene and toluehe, but no solid hydrocarbons.,,.. 

Action of Aqueous Vapour on Hydrocarbons at a Bed ||[eat. 

(Coquillion, CompU rend,, Ixxxvi. 1197-1200). Dry methane and othylen'o are 
Recomposed into carbon and hydrogen by passing over a red-hot spiral of palladium 
wire, twice the volume of the original gas being formed. In presence of moisture, 
the carbon of the hydrocarbon unites with the oxygen of tho aqueous vapour, forming 
carbon monoxide, and hydrogen is liberated; the gaseous products in this case 
occupy four t imos tho volume of the original gas, e.g, CH^ + 11*0 = CO + SII'-*. 

When a hydrocjirbon mixed with a limited supply of oxygon is passed over red- 
liot palladium, hydrogen, carbon monoxide and dioxide, and water are formed. Tho 
amount of carbon monoxide increases and the dioxide diminishes as the supply of 
oxygen is decreased. 

By increasing the quantity of hydrocarbon the reaction may bo made to take xdacc 
ill two stages — 

1. 2CH^ + 30'^ = C02 + CO + + SH^O. 

2. CJD + ll^O = CO + 3II*. 

These results explain tho action of aqueous vapour on hydrocarbons in the blast 
furnace. r 

Oxidation. When hydrocarbons mixed with air are passed over rod-hot platinum 
wire, they <^e oxidised to aldehydes and acids. A mixture of methane and air passed 
over a platinum spiral ignited by the voltaic current, yielded formic acid, but not 
formic aldehyde. Ethylene was oxidised to acetic acid ; toluene to bonzaldehyde. 
Palladium acts in this manner still more energetically than platinum, becoming 
wrinkled and brittle and diminisliing in weight (Coquillion, CompL rend. Ixxvii. 414). 

An a([ueoua solution of isopfiiitane (amyl hydride) containing 1 CiC. of tho hydro- 
carbon to 2 litres of water, mixed with lialf its volume of a chromic acid mixture 
composed of 500 pts. water, 5 pts. crystallised .chromic anhydride, and 1 pt. potassium 
dichromate, and left to itself for six weeks at a temperature of 16° to 20°, was found 
to be completely converted into valeric acid. Amylene^ on tho other hand, treated in 
like manner, yielded, in julditioii to carbon dioxide, a mixture of valeric, butyric, 
propionic, acetic and formic acids (Berthelot, Compt. rend, Ixxix. 1093). This result 
differs from those obtained by Chapman a. Thorp (Is^ Snppl. 1 18), wdio, by oxidising 
amylcno .at 8()°-90'’ with a mixture of 4-8 pts. pottissium dichromate, 100 pts. water, 
.and the requisite quantity of sulphuric acid, obtained only acetic and a small quantity 
of formic acid ; and by Triichot {loc, cit.) who obtained formic, acetic, propionic, .and 
probably also butyric, but no valeric .acid. Berthelot considers that tho results 
ol)tainod by thesf*. chemists are not to bo explained by the formation of valeric acid 
in tho first instance, and its subsequent oxidation to acids lower in the series, but 
rather on tho supposition that tho molecule of amylcno presents several points of 
attack to tho oxidising agent, so that sometimes a grc.ater and sometimes a smaller 
number of oxidation-products may bo formed simultaneously. 

Oxidation of the Haloid Derivatives of Olefines. — Dibrom ethylene is converted 
by agitation with dry oxygen into bromacetyl bromide : 

BrIICiziCHBr + 0 = ’CH^Br.COBr, 

tho reaction being attended with a rise of temperaturo from 1.5° t» 55"'. Tribrom- 
0 thy lone under tho same circumstances also unites witli 1 atom of oxygen, forming 
dibromacetyl bromide : 

Br'**C=CHBr + 0 « CHBr-.COBr 

(Deniole, Ber, xi. 316). 

Tho compound CH'^rrCTIBr, CCfcCCP and CBr*=CB^^ treated with free 
oxygen in presence of platinum black, are not oxidised .at all. Dichlor ethylene, 
C'‘'H*C1*, which Kegnault has shown to undergo polymerisation when exposed to the 
air(An». Chim, Phys, [2], Ixix. 167), is found to undergo a similar change, with 
evolution of acid vapours, when shaken up with Aee oxygen. 

The compound CHCl=iCHBr, which Muller obtained {LivUg's Annalen^ Snppl, 
iii. 287) by tho action of potassium cyanide on C'“H®ClBr*, solidifies easily, forming 
a polymeric modification. This compound, when shaken up with oxygen, yields a 
large quantity of a fuming liquid boiling at 128°-! 32°, and a small qiijiiitity of an 
oily liquid boiling at 140°, besides some unaltered CHCl==:CHBr. The liquid boiling 
at 128°-132° is a mixture of bromacetyl chloride and chloracetyl bromide, as shown 
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its boiling point, and by its yielding with water, brom- and chloracetic acids, and 
with alcohol, ethyl brom- and ohloracetates, together with hydrochloric and hydro- 
bromic acids. The oily liquid boiling at 140® is a polymeric modification of C-H^ClBr, 
w^ich solidifies on exposure t(f the air, and carbonises when heated above 100®. 
Bromamylene, which contains the group CIlBr, remains unaltered when treated 
with free oxygon. From these results the following conclusions may be drawn : 
1. If a bromo-, chloro-, or chlorobromo-derirativo of ethylene undergoes polymerisation 
on exposure to the* air, it is also capable of absorbing oxygen; and forming an acidp 
compound. 2. If polymerisation does not take place, oxidation cannot. 3. The 
final products, C*Cl^ and C-Br*, since they contain no hydrogen, can neither be 
oxidised, nor can they form polymorides. 4. The bromo-derivatives of hydrocarbons 
hon^logous with ethylene, do not appear to form polymorides, or to bo oxidised by 
free oxygen (Demole a. Diirr, 2 ?(t. xi. 1302); see also Demole 1307; Chm, 
8oc, J, xxxiv. 849). 

On the Itnperfect Combustion and the Infiammahility of Hydtocarhona^ see Cubmical 
Actiok (p. 43d). 

On the Analysis of Volatile Petroleum Hydrocarbons by Combustion in a stream of 
Oxygen^ see Gunsberg {Dingl. pol, J. cexxviii. 4d4 ; Chem. Soc. Jour, xxxiv. 916). 

Action of Xodine Trichloride. The fiction of this substance on hydrocarbons, 
whether of the fatty or of the aromatic group, results, for the most part, in a splitting 
up of the molecules, and the forma^on of chlorinated derivatives containing smaller 
numbers of carbon-atoms. 

Propane (or prop}d chloride, b. p. 46*5°) heated with iodine trichloride to 100®-200® 
in a sealed tube (which must bo frequently opened to allow the escape of*Hycir()chloric 
acid and then filled with chlorine-gas) is converted into perchlorethano, C‘-'Cl“, 
and perchloromcthane, CCP. Direct experiment showed that the formation of 
the two bodies is preceded by the formation of perchloropropano, which, under 
the action of chlorine, breaks up thus : 

• . C»C1« + C]3 ^ C®Cl* -i- CCD. 

Perchloropropano is also formed by heyiting trichlorhydrin to 200® with iodine tri- 
chloride, as long as hydrogen chloride continues to bo evolved. 

PerchloropropanCf heated per se to 300® in scaled tubes, is resolved into a mobile 
liquid which distils without residue between 75® and 122®, jind may bo sepa- 
rated by fractional distillation into nearly pure perch loromcthauo and perchlor- 
ethone; C®C1* = CCD -h C*CD. The latter when treated with iodine trichloride yields 
perchlorethano. 

Isobutane^ when heated to 210® with iodine trichloride in scaled lubes, is converted 
into an oily body, which is resolved by fractional distillation into perchloro- 
methane and perchloropropano, with a little perchlorethano. 

Cumenet treated with chlorine in presence of iodine, and afterwards heated to 200® 
with iodine trichloride in sealed tubes, is converted into perchloromethanc and 
perchlorobenzonc: 

C»H« -H 15CP = C«C1® -h 3CC1« + 12IIC1. 

CymenCt treated in the same manner as cumene, yields perchlorobcnzeno, per- 
chloromethane, and perchlorethano, tho last product and half of the second 
being evidently formed by tho breakiyg up of tbe propyl-group in cymono. 

Perchlorobcnzeno is not affected by prolonged heating to 300® with iodine tri- 
chloride; neither are diphenylethane, anthracene, and phenanthrene broken up by 
like treatment (Kraft a. Merz, Per. viii. 1045, 1296). 

Aromatic hydrocarbons and their derivatives, subjected to exhaustive chlorination 
with chlorine containing iodine, are for the most part converted into perchloro- 
benzone, C*Cl*, together with hydrochloric acid and various secondary products. 
G. Ruoff {Ber. 1048, 1483) subjects the compound, either in tho free state or in solution, 
to a stream of chlorine, at first ht the ordinary temperature, and with addition of a 
little i^ine, then to the temperature of an oil bath sometimes as high as 200°, and 
finally heats jt with excess of iodine trichloride in a scaled tube, the temperature 
being gradually raised from 100® to 360®, and the tube, after several hours’ heating, 
opened from time to time in order fb reconvert the liberaterl iodine into trichloride, 
and the heating then continued at 350®, till no more gas escapes on opening the tube. 
Tho final product is freed from iodine chloifde by treatment with soda-ley and careful 
washing, and then further purified.^ 

Diphenyl-methane thus treated is converted into perchlorobenzene and' perchloro- 
methane ; diphmyl-triehlorethane i nto perchlorobcnzeno ai^ perchlorethano. Anthracem 
and phenanthrene yield C^CD and pcrchloromcthano ; turpentine-oil dissolved in 6 vol. 
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chloroform yields C*C1", porchloromcthano, and perchloretliano. Diphenyl is converted 
into perchlorodiphenyl, C'^Cl'®, which undergoes no further alteration. Azohcnzencj 
aniline and diphenylamim yield C®C1®, probably with free nitrogen. Triphmylamine 
yields C*C1® and perclilorotriphenylamine, (C"C1*)*N,'' probably according to the cnivi- 
tions, (C®H“W+16C1* - (C«C1®)’N + 16HC1, and 2(C«C1»)®N + 3C12 = 6C«C1« + K=«. 
Phenolt cresmt thyiml^ and reswein yield C®Gi*, together with CO*, and respectively, 
GCT- and C*C1* ; CCl‘; COP and C-Gl®; CCl^ Anisefil yields G®C1", CO* and CC1‘; 
^hcnetml yields C®CI®, CO*, and 0*01®. Teirachlwoquinone (chioranil) yields CO*, 
OCl*, and C®C1®. Camphor is converted into COl*, C*C1*, Jind C®C1*, probably together 
with GO*. Pyrogallol, C®H®0®, is the only compound whicli, when subjected to ex- 
haustive chlorination, does not yield porchlorobenzenc, but only perchlorethane and a 
small quantity of percliloromothane. ^ 

As carriers of chlorine, antimony pentachloride and molybdenum pentachlorido 
are in many instances more etfectivo than iodine trichloride. Kespecting the latter, 
see Aronheim (Ber. viii. 1400). 

On the Action of Metallic Chlorides on Aromatic Hydrocarhons at high temperaturest 
see also Diphenyl (p. 658), Naphthalene and Toluene. 

Brominatlon. The bi’omination of aromatic hydrocarbons is effected by moans 
of bromine containing iodine, in a manner similar to that described by Ruojff for effect- 
ing the chlorination. Benzene thus 1 roated is converted into porbromobenzene ; tohiene 
into the same compound together u'ith porbromomethano ; naphthalene into C'®H*iJr® 
(E. Gessnor, Ber, ix. 1555). 

Converaion of the Hydrocarhons of the series C’'IT*’' Into the corre- 
spond^^ Alcohols. A general method of effecting this conversion by means of 
water or uiAite acids is given by Butlcrow {Jjiehig's Annalcn^ clxxx. 245). Hcpfylcnc 
from pcntamethylcthol (p. 1020), heated in a sealed tube with water, a small 
quantity of nitric acid, and ethyl alcohol, is reconverted into pentamcthylethol, 
Liquiil isohiiiylrnc, (CIl*)'*C- "CU* (p. 362), similarly treated, yields trimethyl carbinol. 
This last transformation may also bo effected by heating the isobutylene with water 
and a few drops of sulphuric acid to 100®. Hy proceeding in this 'Ivay, the greater 
part of the liyclrocarljon is converted into trimethyl carbinol, whereas isobutylene 
heated to 100® with a mixture of equal parts .of strong sulphuric acid and water is 
converted into ili- isobutylene. Pscndohutylene^ Cll'’.CHz=CH,CII*, reacts with 
sulphuric aci<l in the same manner as isobutylciio. 

Formation of Hydrocarbons of the Acetylene series from Aldehydes 
and Ketones, (r. Bruylaiits {Ber, viii. 406) describes a general method of obtain- 
ing the hydrwarbons homologous with acetylene from the corresponding aldehydes 
and ketones, by convi'tting these brnlios into chlorides (containing the groups ClfCl* 
and COl* respectively)— by tlio action of phosphonis pentachloride— and dechlorinating 
these chlorides by means of potassium hydroxide. The aldehydes may also be treated 
with PI3r*, and the products, Avliich contain the group Cllbr*, debrominatod with 
potash. 

Kthylacetylene, CTP.Cn*.C=CH, obtained by treating methyl-ethyl ketone 
with rCP and the product with alcoholic potash, is regarded by Bruylaiits as identical 
with crotonyleno (b. p. 20®-24°), although the brominated derivatives of the two 
exhibit different properties (compare 2nd Suppl, 401). Ethylacctyleiio dibroraide, 
C‘H®Br*, is liquid; the tetrabromide, C'H/Br^ is a solid crystalline body soluble in 
alcohol, et her, and carbon disuLphide, subliming without previous fusion at 105®, and 
volatilising with vapour of water. 

Orthopr opylacetylone, C1P.CIP.CIP.C~0H, from methylpi*opyl ketone, is n 
mobile, colourless, alliaceous liquid, boiling at 48®-49®. The silver*compomd, C’lPAg, 
is a W'hite, the copjter compound, CHI^Cu'.n*0, a yellow powder ; both decompose 
readily in contact wdtli the air. As intermediate products in the action of PCP on 
methyl-propyl kotono are obtained a pentylono chloride, CHI' "Cl* (b. p. 146®-147®), 
and a monochloropentylcno (b. p. 95®-97®) (see Pentylenks). 

Isopropyl acetylene, (OIP)*CII.C=CH, prepared in this manner from valer- 
aldehydo, is a very mobile liquid liaving an alliaceous CKlour, a sp. gr. = 0*652 at 11°, 
and boiling at 37'^. It forms a dibromidc boiling, with decomposition, at 176®, and a 
tetrabromide. On the intermediate products obtained in the preparation of this com- 
pound, see Pentylenks. 

Hop tine, CIP®.OIP.CH*.CIP.CIP.C=:Cn (so-called ernanthylidene, p, 1021), is 
obtained by the action of PCl*»or PBr* onxiianthaldohyds. 

HYOKOCAROTZH, G'®JI»"0. This substance, which ITusemann obtained, 
together with carotin, from the root of the carrot (iii. 190), exists also, according to 
Brimmer {N. Bep. Pharm, xxiv. 641) in angelica root, being identical with the so- 
called angelicin (i. 293). 
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BTDftOCA&POlb, A phenolic compound obtained, together 'with 

others, by the dry distillation of podocarpic acid (g.v.) or its calcium salt. 

BTBROCA8TORZTS. A now mineral, occurring aa a mealy deposit on kernels 
of ^'Castor, and exhibiting under the microscope the appearance of an aggregate of 
slender needles. Hardness = 2. Sp. gr. = 2* 16. Colour white. Doubly refractive 
in polarised light. Chemical composition : 

SiO» r A1>0“ CaO H»0 

69-69 21-35 4*38 14*66 = 99*98. 

It is undoubtedly a product of the decomposition of castor, and is found, in company 
with black and rod tourmaline, beryl, castor, and pollux, in veins of granite at San 
Piorp, Elbji (C. Grattarola, Jahrb.f. Min. 1877, 411). 

BTBROCBBTSAMMZDB, Ci«HXNIP)20«. See CunTSAaiyic acid (p. 462). 

BTRROCBBOROXYCZTRACOBZC ACZD, C*H^C10\ See Citbagomic 
ACID (OXY-) (p. 616). 

BTBROCZBCBOBZBSS. See Cincuona-pases (p. 480). 

BTBROCZBBAMZC ACZB, C"H*®02= C«H».CH= CIP.COOH. The benzylic 
ether of this acid, C"H®0-.CH“(C®H‘), is obtiiined by adding sodium (12 pts.) in thin 
slices to benzyl acetate (300 pts.), and heating the liquid till all the sodium has 
disappeared : 

2(CH».COO.CH2 C®H®) + Na = CHfjCOONa + H + C®H\CII=.CH2.COO(CIP.C®H®). 
At 120° the action is rapid and attended with evolution of hydrogen. When it is 
completed, the mass is to be thrown into water, wheroui)on the benzyl ia^^,tbp»r sepa- 
rates as a light oil, 'which may bo dissolved in other and purified by rectification. It 
boils without decomposition at a temperature above 300°, and yields hydrocinnamic 
acid by saponification (Conrad a. Hodgkinson, lier. x. 254). 

BTBROCZTRZC ACZB (so-called). See Citric acid (p. 509). 

BYBROCQiiRVZiZmOBZS, C'®il‘®0®. On the*substitutiou-derivatives of this 
compound, sec 29td Suppl. 377, and this Supplement, p. 549. 

BTBROCOTARBZZrzS. Sec Narcotine. 

BTBROCTABZC ACZB. See Cyanide of Hydrooen (p. CIO). 

On the estimation of Hydrogen Cyanide in pharmaceutical prussic acid by means 
of silver nitrate and ammonium thiocyanate, see Chern, ISoc. Jour, xxxiv. 749, 

BYBROCTABOROSOZiZC ACZB. See Kosanilink. 

BYBROBZAZOBZIBZOZG or BYBRAZZBBBZOZC ACZB, CHPN>0’2 = 
NH*.NH.C®H^CO‘*H. See Benzoic acids, Diazo- (p. 276). 

BYBROBZAZOPBBBYXiEBB, is a green base produced by the 

action of stannous chloride on hydro-azophonylene hydrochloride, C‘=JT"N-.nCl, or 
by that of hydrogen sulphide on azophenylono morcuronitrato, C‘2IPM-JIg(NO®)* 
(p. 139). Its hydrochloride crystallises in green laminae (Claus a. Ilcnsingor, Ber. 
nii. 600). 

BYBROBZBROM. and BYBROBZCBXiOR-ORYBBPZBBBB. See 

Lepidkne. 

BYBROBZMSTBYBCAPri^C ACZB, syn. with Methylfcrulic acid. See 
Vanillin-derivatives. 

BYBRO-BTBYB-CBBRZRBT, C»>H^®0®. Sec Pyroqallic Ethers. 

BYBROFBRUBZC ACZB, 

Qio^nQi =, C®.(CII«,CmCO*H).H.(OCH»).(OH).H.H, 

is formed by the action of reducing agents on fcrulic acid (p. 785). It crystallises 
from aqueous solution in microscopic plates, melts at 89°-90°, and dissolves very easily 
in alcohol, ether, and hot water. It forms acid salts in which only the hydrogen of 
the group CO*H is replaced by a metal, and basic salts in which the hydroxylic 
hydrogen is like'wise replaced. The hydroferulatos of the alkalis and alkaline earths 
are easily soluble in water. In i solution of hydroferulic acid neutralised with 
ammonia, silver nitrate produces a white precipitate which quickly blackens when 
heated ; lead acetate^ a whiio precipitJite ; 'topper sulphite throws down from very 
strong solutions a bluish-white Kilt which dissolves in excess of ammonia with blue 
colour. This last reaction distinguishes hydroferulic from ferulic acid, which gives 
with copper sulphate a dingy green precipitate, dissolving in ammonia with green 
colour (Tiemann a. Nngai, Ber. xi. 650). 
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BTBSOnraoWZO ACZBi See Furonic acid (p. 834). 

HTBROOBW. Formation^ Preparation, PuriJic<Uion,---^Q\m\ {Ber. vii. 80) 
observes that hydrogen is evolved during the growth of fungi, and that arsenic, 
antimony and sulphur may be thereby converted into their respective hydrogen- 
compounds ; he likewise attributes to this cause the formation of hydrogen arsenide 
from carpets, &c., containing arsenical dyes. The hydrogen thus evolved also 
converts potassium nitrate, first into nitrite, then into ammonia. Nitrogen in 
contact with fungi, decaying wood, &c., appears also to bo converted into ammonia. 

According to E. Schobig {J. pr. Chem. [2], xiv. 289) hydrogen may bo freed from 
its compounds with phosphorus, arsenic, and antimony by passing it through a saturated 
neutral or acid solution of permanganate ; hydrogen sulphide, on the other hand, is 
not oxidised by permanganate, and must therefore be removed by subsequ'Jhtly 
passing the gas through potash- or soda-ley. Pure hydrogen is also gradually 
but completely oxidised by permanganate, the neutral solution acting more readily 
than an acid or alkaline solution. 

For the preparation of hydrogen gas free from hydrogen sulphide by means of 
zinc and sulphuric acid, J. Lowe (Dingl. PoL J. ccxi. 193) recommends the addition 
of cupric sulphate to the dilute acid, whereby the sulphur is removed within the 
generating vessel, in the form of copper sulphide. A portion of the copper is at the 
same time precipitated by the zinc in the metallic state, and partly redissolves, 
colouring the liquid blue. The addition of cupric sulphate likewise accelerates the 
evolution of the gas [by forming a copper-zinc cCuple]. 

According to Violette {Compt. rend. Ixxvii. 940) hydrogen gas prepared with zinc 
and dii“:,y> jsulphuric acid, is not contaminated with hydrocarbons. 

A. E. Leeds (Amer. Chemist, vii. 183, 186) observes that pure hydrogen burns 
with a scarcely visible bluish flame ; but that hydrogen evolved by means of zinc 
and potash-solution, or dilute sulphuric acid,, burns with a blue flame, due probably 
to the presence of zinc hydride, which is removcfl by washing the gas with water or 
dilute acids. 

H. Giffard Sdent. [3], iii. 166) prepares hydrogen on the large scale by 

first reducing iron from its ores by ignition in a stream of carbon oxide, and then 
replacing the latter by a current of aqueous vapour. The evolution of hydrogen is 
accompanied by reproduction of iron oxide, which may again be reduced and used as 
before for the generation of liydrogon. 

On the prevention of Explosions in Hydrogen-generators, see Explosion (p, 768). 

Physical Properties. — The absolute weight of an atom of hydrogen has been 
calculated by J. Annaheim {Bar. ix. 1151) from considerations founded on the limit 
of visibility of certain colouring matters in dilute solutions. If ()-0007 grm. of 
fuchsino (C‘”®ll”’N*HCl) bo dissolved in alcohol and the solution diluted to 1 litre, 
each cubic centimeter of the liquid will contain 0*0000007 gram of colouring matter. 
Now one drop =^^c.c. of such a solution placed on a white surface exhibits a dis- 
tinct rod coloration, whence it follows that 0*00000002 gram of fuchsine is still 
recognisable by the naked eye. Assuming now that such a drop must contain at 
least one molecule of the colouring matter, it follows that the atomic' weight of an 
atom of hydrogen must bo estimated at the extremely small magnitude of 
0*000000000069 gram, namely 0M0000002-r337*6 (the molecular weight of fuchsine). 
Nearly the same result is obtained by experiments with cyanine (C-^H’^N-I = 626). 
When 1 milligram of this substance ivS dissolved in a litre of liquid, each drop still 
visibly coloured contains 0*0000000285 gram; wdicnco the absolute weight of the 
hydrogen-atom is found to bo 0*000000000064 gram. Hence it follows that the 
absolute weight of an atom of hydrogen cannot be greater than 0*00000000005 gram. 

On ike Molecular Belations and Diffusion of Hydrogen ; also its Friction-coefficient, 
Compressibility, and Deviations from the Boyle-Mariotte Law; and its Liquefaction 
and Solidification, see Gases (pp. 847-857). 

On the Relation between the two Specific Heats of Hydrogen, see Heat (p. 933). — 
On its Heat of Combustion (pp. 952, 962). 

On the Befrojction and Dispersion of Light by Hydrogen, and on its Spectrum, see 
Light. 

On Electric Polarisation by Hydrogen, see Electricity (p. 713). 

On Electrolysis, with evolution of Hydrogen at both Poles (p. 711). 

Combinationh of Hydrogen with Chlqjrine. Wlicn hydrogen (dried by PO*) is 
passed over porous charcoal saturated with chlorine, a considerable quantity of hydro- 
chloric acid is formed, even in the dark. When 50 grams of charcoal were used in 
the experiment, the temperature fell to -20°. Water poured upon charcoal saturated 
with chlorine, is decomposed, with formation of hydrochloric acid and carbon dioxide 
(Melscus, Compt, rend, Ixxvi. 92). 
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Reduction of Silver Nitrate hy Hydrogen, — Russell found that perfectly pure 
hydrogen reduces silver from the nitrate, most readily in concentrated solutions, and 
that if the solution he left for S 9 me time in contact with an atmosphere of hydrogen, 
ci}^tals of silver nitrite are also formed Suppl. 660). According to Pellet, on 
the" other hand {Compt, rend, Ixxviii. 1132), a neutral solution of silver nitrate is 
not reduced by pure hydrogen. A solution of fused silver nitrate, however, which 
is somewhat alkaline from the presence of free silver oxide, is attacked at ordinary^ 
temper/itures by pure hydrogen, which reduces the free silver oxide, but on acidulating 
the solution with nitric acid, no precipitation takes place either at ordinary or at higher 
temperatures. On tlie other liand KussoU’s results have boon confirmed by Roketoff 
(Compt, rend, Ixxix. 1413), who finds that the quantity of silver precipitated by 
hytA'ogen from a neutral solution of the nitrate is exactly proportional to that of the 
hydrogen absorbed ; also by A. R. Leeds {Ber. ix. 1456), according to whoso observa- 
tions the quantity of silver thrown down is nearly proportional to the time of action. 

Absorption of Hydrogen by Metals. 1. Ry Palladium. To demonstrate 
the absorption of hydrogen by palLadium, J. L. Smith {Amcr. Chemist, v. 213) 
introduces a very thin strip of palladium foil, 1 -5 cm. broad and 8 c.m. long into 
different parts of a hydrogen flame. In the upper part, where the combustion is 
complete, the foil retains its form unaltered; but on bringing it into the middle, 
where the unburnt hydrogen impinges upon its lower surface, the foil absorbs 
hydrogen on that surface only, and therefore curls itself up considerably. When 
again placed in the upper part of thd^flame, it resumes its original form. 

Some of the physical constants of hydrogen absorbed by palladium have been 
determined by J. Dewar (JV. Arch, ph, nat. 1. 207). The specific gr-^i.vtisy was 
found, from the mean of eight determinations, to be 0*020. The specific heat was 
greater when the metal was lightly charged with hydrogen than when it was strongly 
charged : with palladium foil it varied between 3*93 and 5*88 ; with palladium in 
bars, between 3*79 and 6*05. The expansion-coefficient of palladium charged 
to the maximum with hydrogen — for which Dewar gives the formula Pd*H‘- — was, 
about 0*000058 between 0° and 60^^, and 0*000066 between O'* and 80°. 

Developmeyit of Heat in the Absorption of Hydrogen by IHatimm and Pidladium . — 
The mode of condensation of hydrogen by platinum black differs from the mode of 
condensation by palladium. When the gas is brought in contact with platinum 
black in successive portions till complete saturation is attaiiied, the quantity of 
heat evolved for equal weights of the absorbed gas is not constant, as is the case 
with palladium. The absorption by palladium of 1 gram of active hydrogen obtained 
by electrolysis of dilute sulphuric acid gave : 

in the first experiment 8938 gram-dogrcos. 

„ seventeenth experiment . . . . 9167 n 

The condensation of 1 gram of ordinary gaseous hydrogen by platinum gave 

in the first experiment 23075 gram-degrees. 

„ fourth „ 13528 „ 

In the latter case, then, the development of heat becomes gradually smaller (Favre, 
Compt. rend. Ixxvii. 649). From further experiments (ibid. Ixxviii. 1257-1265), 
Favre concludes that the absorption of hydrogen by platinum is attended with the 
development of 2000 heat-units for^l gram of hydrogen, and takes place without 
chemical alteration, but that palladium in absorbing hydrogen undergoes an allotropic 
modification and foyns an explosive compound. 

J. Mouticr [Compt. rend. Ixxix. 1242) has calculated t he (piantity of heat (referred 
to 1 kg. hydrogen) developed in the combination of hydrogen with metals, by means of 
the thermodynamical formula : 

L = 0-99432 ^ . % 
p rfT 

in which p is the dissociation-tension of the compound at the absolute temperature T, 
based upon the values of the dissociation-tensions determined by Troost a. Haute- 
fouillo [Compt. rend. Ixxviii. 968 ; Ann. Chim. Phys. [5], ii. 273). The heat of com- 
bination of hydrogen with palladiunf increases with the temperature between 20° and 
170° ; for 20°, the calculated value of L is 4147 ; Favre’s measurements gave 4164. 
The calculated value of the Seat of combination of hydrogen with potassium at 330° 
is 9300, and that of sodium 13000 gram-degrees. 

From measurements of the tension of the hydrogen evolved at higli temperatures 
from palladium-hydrogen, Troost a. Hautefcuille conclude that Pd*!! is a definite 
chemical compound, but that any additional quantity of hydrogen is taken up by 
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simplo absorption. The temperature most favourable to the formation of the com- 
pound Pd®II 3S 100° ; above 130” it is no longer produced. 

On the Absorption of Hydrogen by /row, see luoy in this volume ; on its Absorp- 
tion by Potassium and Sodium^ see 27ui StipyL 669. 

Hydrogen, occluded by motiils and by charcoal, exerts a reducing and hydrqgcnis- 
ing action, similar to that which it exhibits in the so-called nascent state. Nascent 
hydrogen, in tact, is hydrogen sot free in contact with, or in very ^lose proximity to a 
metal, which very probably condenses or occludes a portion of the gas, and it may 
therefore bo supposed that the activity of the hydrogen under these circumstances is 
but the consequence of its intimate association with the metal, that is to say, of its 
being in the occluded condition. The great reducing and hydrogonising power of the 
coppcr-zinc couple doubtless depends also on tho absorption of hydrogen by the faiely 
divided metal. 

The following table exhibits the resemblances and differences of the action of 
liydrogcn occluded by palladium, platinum, copper, and wood-charcoal, and by tho 
copper-zinc couple. 



Substances produced by : 

Substances employed 

Copper-zinc 

couple 

Pnlladium- 

hydre^en 

Platinum- 

hydrogen 

Copper- 

hydrogen 

Carbon- 

hydrogen 

Potassium Chlorate, 
KClO^' aq. solution 

Chloride 

Chloride 

Chloride 

Chloride 

Chloride 

Potassium Nitrate, 
KNO®, aq. solution 

Nitrite and 
Ammonia 

Nitrite and 
Ammonia 

Nitrite and 
Ammonia 

Nitrite and 
Ammonia 

Nil 

Potassium Porri- 

cyanidc, K’FoCy", 
aq. solution 

F erro- 
cyanido 

Ferro- 

cyanido 

Ferro- 

cyanido 


Forro- 

cyauide 

Nitrobenzene, 

aqueous 

alcoholic solution 

Aniline 

Anilinu 

Azobonzeno 

— 


Indigo, with weak 
solution of potash 

White 

Indigo 

White 

Indigo 

— 


— 

.Sulphurous acid, 

il-SO*, aq. solution 

Sulphur 

H^S 

Sulphur 

(probably) 

— 

— 

Arsonious Oxide, 

As'O*, nq. solution 

AsIP 

Metallic 

Arsenic 

Metallic 

Arsenic 

— 

— 


Tho increased energy of the hydrogen in these combinations may be attributed : 

(1) . To its association with a more negative clement : this explanation will apply to 
tho carbon-combination as well ah the others, since charcoal conducts electricity freely. 

(2) . To a peculiar atomic aggregation of the hydrogen, the variations shown in the 
experiments being, perhaps, attributable to diiferont states of atomic aggregation, 

(3) . To tho condensed condition of tho hydrogen, tho observed differences between the 
actions of tho different combinations being attributable to variations in this respect, 
nr to the more or less firm liold which tho metal lias upon the gas*(Ghidstono a. Tribe, 
Chem. Soo. Jour, xxxiii. 306-313). 

Occluded hydrogen also resembles nascent hydrogen (evolved by electrolysis) in 
its action on nitric and sulphuric acids (Gladstone a. Tribe, Chem. Soc, Jour. xxxv. 
172-179). 

KYDAOGSXr DZOZZDS, K^O^. On tho occurrence of this compound in the 
air, see Atmosphmhm (p. 133). J. Clermont (Compt. rend. Ixxx. 1691) has detected it 
in tho juices of several plants — tobacco, vine, and various species of lettuce. 

On tho formation of Hydrogen Dioxide, together with Nitrate and Nitrite of 
Ammonia, by oxidation of ammonia, see Nitbogkn oxidks. 

According to IT. Struve (IViefi. Akad. Ber. [2 Abth.]^ Ixviii. 432), when a shallow 
basin containing a dilute solution of pyl^ogallol is placed in another shallow basin, 
and covered over with a bell-jar, and the whole is exposed to sunshine or difiused day- 
light, hydrogen dioxide and ammonium nitrite are formed, and may be detected in 
tho condensed water which runs down the side of the boll-jar. If potash be added to 
the liquid, no hydrogen dioxide is formed, but only ammonium nitrite. 
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Freparation.~~-'Fox preparing hydrogen dioxide in considerable quantity, the follow- 
ing method is given by J. Thomsen {Ber. vii. 73). Finely divided barium peroxide, 
or the commercial (so-called) hydrate, is dissolved nearly to neutralisation in dilute 
hjblrochloric acid, and to tlio filtered and cooled solution, baryta-water is added in 
quantity sufficient to throw down the foreign oxides and silica present, and to produce 
a sli^t precipitate of hydrated barium peroxide. The solution is then filtered and 
mixed with concentrated baryta-water, whereby crystalline hydrated barium peroxide 
is thrown down, which, in the moist state, may bo kept for a long time in closed 
vessels without decomposing. To prepare hydrogen dioxide, this moist hydrate is 
added with stirring to dilute sulphuric acid (not stronger than 1 pt. by weight of 
SO^H- to 5 pts. of water), till the acid is very nearly saturated ; the precipibite is 
their left to settle, the liquid filtered, and the remainder of the acid removed by 
cautious addition of dilute baryta-water. The moist peroxide of barium is very easily 
decomposed by sulphuric acid, but the action of the acid on the dried peroxide, or 
even on the effloresced hydrate, is very slow and imperfect. 

According to Kingzott {Chem. Jour. [2], xiii. 210) the compound 
formed by oxidation of turpentine oil, splits up, in contact with water, into hydrogen 
dioxide and camphoric acid : + 2H’0 = H-0- + 

Reactions . — Ammonia is readily oxidised by hydrogen dioxide, yielding nitrous 
acid (Weith a. Weber, Her. vii. 1745). Hydrogen dioxide in dilute aqueous solution 
converts drying oils into non-drying oils, without itself undergoing any alteration 
(Cohne, Chem. News, xxxiii. 133). « 

Detection . — ^A solution of titanic acid in sulphuric acid is a very delicate test 
for hydrogen dioxide, liquids containing the latter being coloured orange t^ju^it^low by 
the reagent, according to the quantity present (Schdnn, Dingl. pol. J. ccx. 317). 
Argentammonium nitrate, provided it is destitute of every trace of free ammonia, is 
also a delicate test for hydrogen dioxide (Bdttger, loc. cit.) 

BTDROXSOPTltOMXSXiZiZTZC ACID. See Mellitic Acid {2nd Suppl. 
633). 

BYDROMfiTBAVTBRBirSQVZirOXn:. See Mbthanthuene. 

BYBBOMBTBTB-PABAOBltPBSBTXiikCBTZiZC iiCZB (p. 505). 

BTBBOMVCOBZC ACZD, See Mxicic Acid {2nd Suppl 827). 

BTBBOBAPBTBOQUZBOBB. See Naphthols. 

BYBBO-OXTBZSBZOZC ACZB, C^K®0®. This acid, isomeric W'ith uvic 
atid, is obtained by oxidation of oxyuvitic acid, With chromic acid the 

yield is small; with permanganate it is somewhat larger (10 per cent, of the acid 
used). The oxyuvitic acid dissolved in sodium carbonate is added to a slight excess 
of the permanganate dissolved in 40 to 60 pts. water, and the resulting hydro- 
oxybenzoic Jicid is purifio<l by recrystallisation from water. It forms thin colourless 
needles melting at 274-5'^ (corr.) and decomposing for the most part at a higher 
temperature. Its solution gives a yellow precipitate with ferric chloride. The 
calcium salt, (C^IFO®)"Ca + 2H*(), crystiillises in small slightly coloured needles, which 
give off their water at 160°. The silver salt, C^H^O*Ag, is obtained by precipitation 
from the calcium salt, but is not quite insoluble in water. Hydro-oxybenzoic acid 
fused with potash is converted into benzoic acid : + IHO. Oxyuvitic 

acid is also converted into hydro-oxybenzoic acid by oxidation with weak nitric aciil ; 
but stronger nitric acid converts it into trinitrocresol (Emmerling a. Opponheim, Her, 
ix. 326 and 1094). 

BYBBO-OBYCAMPHOBOZrzc ACZB, This acid is formed, 

together with camphoric acid, and camphoronic acid, (pp. 375, 

376), by oxidising camphor with nitric acid, aiul is found, together with camphoronic 
acid, in the mother-liquors from which the camphoric acid has crystallised out. For 
the method of separating it from camphoronic acid, sec p. 376. It is very soluble in 
hot, less soluble in cold water, and separates from the hot solution on cooling in 
beautiful triclinic crystals molting at 164-5°. Its aqueous solutions have a strongly 
acid reaction, and give no precipitate with ammonia and barium chloride, a character 
by which it is distinguished from camphoric acid. 

Three of the hydrogen-atoms in hydro-oxycaraphoric acid can be replaced by 
metals, and it also forms jnono- and dimetallic salts. The acid ammonium salt, 
C®1I‘®(NH‘‘)0®, crystallises in colourless nobles, forming globular aggregations, and 
melts at 178°, solidifying after some time to a porcelain-like mass. The neutnil 
ammonium and potassium salts crystallise well, and deliquesce on exposure to the 
air. 

The monoccdoio salt, C®H'*CaO®+ 2H*0, is easily soluble in water, and crystallises 
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in silky needles concentrically grouped. The corresponding barium salt has been 
obtained only as a gummy mans. 

The tricalcUi salt^ (0’*ir*0®)2Q-i3^ j^gg obtained as a colourless gummy mass. 
The corresponding barium salt, (C®II”0*)^a*, separates in crystalline scales, easily 
soluble in water. ^ 

2'he tricupric salt, (C*’n"0«)'''Cu®, is obtained as a bluish-green precipitate by 
boiling the aqueous solution of the acid with copper acetate. When dried it forms a 
fliuish-green powder insoluble in water. 

The triarqentic salt, C"lI"Ag*0®, is a white precipitate almost insoluble in cold, 
but soluble in hot water. 

Ilydro-oxycamphoronic acid heated with bromine in sealed tubes at 120°-12f'’, 
gives hydrobroniic acid and aii acid melting at 226°, having tlio composition C®1I'®0®, 
and tlierefore isoPi;>ric with oxycamphoronic acid. 

BTBROPAXlAOXYBE»rZOX»r, See OxYiiENZALDSUTDii. 

BYBROPBABE. See Silica. 

BYBROPBTBAX.XBE. See Phthaltde. 

BYBROPXPERXC ACXB, See Piperic Acid. 

BYBROPZ.ATXBXC CBEORXBE, CPPL(CPn)2. Sco Platinum. 

BYBROPYROCXBCBOBXC ACXB, C*®I1^«0’. Sco Cinciioninh (p. 485). 

BYBROPYROMEX.X.XTXC ACXB. See Mellitic Acid. 

BYiptO^^VXBOBE. See Quinol. 

BYBROSABTOBXC ACXB and BYBROSABTOBXB. See Santonic 
Acid and Santonin. 

BYBROSORBXC ACXB. See Soriuc Acid. 

BYBROSVEPBOBROIMKOBEBZAEBEBYBE, Cni3Br(S03E)(C0H). See 
Sulphohromodenzoic Acid. " 

BYBROTXTABXTE. This name is given by G. Konig {Jahrh. /. Min, 1876, 
774) to a soft greyish mass, formed by the transformation of the perowskite of 
Magnet Cove, Arkansas. It contains : 

TiO* Fe’O'’ MffO CaO ll»0 Sp. gr. 

8282 7*76 2-72 0§0 6’50 = 99*60 3*681. 

BYBROTOEVQUXRrOBB. Sec Toluquinol. 

BYBROVABTXZiEOXir. Sec Vanilloin. 

BYBROVXBXC ACXB. See Pyiiotartahic and UviTic Acids. 

BYBROXABXXC ETBERS. See Hydroxylamine (p. 1079). 

BYBRORYCAPRYZiXC ACXB, C’‘H*«0» = C"II».CHO]f.COOH (Erlcnmeyer 
a. Sigel, Her. vii. 097, 1108; Liebigs Annalcn, clxxvii. 102). An acid of this com- 
position, analogous to the amidocaprylic acid already described (p. 379), is obtained 
as a bye-product in the preparation of the latter from cenanthol-ammonia, hydrocyanic 
acid, and hydrocliloric aciil, and in larger quantity by the use of oenaiithol itself 
instead of the ammonia-compound. The best mode of proceeding is to mix in a well- 
cooled vessel equal volumes of cenantliol and .absolute hydrocyanic acid (the aqueous 
acid, may also 1)0 used, but tlio mixture must then bo left to itself for some time 
at 30°). The product, which should form ,a clear solution with fuming hydrochloric 
acid, is boiled with hydrochloric acid in a reflux apparatus (for J-hour if 1*5 pts. of 
hydrochloric acid of sp. gr. 1*19 bo uskI), then mixed with water. The oily layer 
which floats on the solution of sal-ammoniac is then dissolved in ether, and on 
evaporating the ether, the hydroxycaprylie acid is obtained in largo plati'S of undo- 
torminato form, unctuous to the touch and soft enough to bo cut with a knife. It 
has a sour taste, cooling at first, afterwards sharp and somewhat burning. It melts 
at 69*5°. Heated to 120° in a scaled tube with hydrochloric acid, it is easily resolved 
into cBiianthol and formic acid. 

Ethyl Hydroxycaprylaie, C"II'*(C®H')0*, prepared by saturating the alcoholic 
solution of the acid with gaseous hydrogen chloride, is a liquid boiling at 229°-230® 
(bar. 716 mm.) 

Hydroxycaprylonitril, C"H'*NO or C"IT’*.CHOH.CN, remains, though not 
quite pure, when the product obtained by hecating cenauthol with hydrocyanic acid is 
evaporated on the water-bath. It is a clear colourless oil of sp. gr. 0*9048 at 17°, 
remains liquid at -16 ’ and cannot bo distilled either alone or with vapour of water, 

'6rd fiup, ^ 4 A 
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beginning to split np, eren at 116°, into prussic acid and oenanthol. It dissolves 
easily in alcohol and ether, sparingly in water. The aqueous solution gives no pre- 
dnitate with silver nitrate at* ordinary temperatures, but a precipitate of silver 
c^nide on boiling. It is decomposed by potash-solution with separation of hydro- 
cyadiedsid. 

C*'H”NO*=C®H**.OHOH.CONH^ is slowly formed 
from the nitril by solution of sodium carbonate or by cold hydrochloric acid of sp 
gr. I'l, immodiatcly by fuming hydrochloric acid (sp. gr. 1*19), tBe temperature in 
the latter case not being allowed to rise above 40°. The clear mixture soon solidifies 
to a pulp of crystals, which increase on addition of water, and may be washed with 
Walter and purified by recrystallisation from hot water. The amide thus prepared 
forms white laminm having a satiny lustre, melting at 160°, rather sparingly soluble 
in cold, somewhat more easily in hot water. It also dissolves in alcohol and in ether ; 
and is precipitated from the alcoholic solution by water in the crystalline state. 

BYDROaLTliAMZXri!, NH*0. Formation . — This compound, originally ob- 
tained by the reducing action of tin and hydrochloric acid on nitrous acid and ethyl 
nitrite (Is? Suj^pl. 722), is likewise produced by means of the same reagent from the 
nitro-parafbns and nitrolic acids. 

1. Dimtropropane is resolved thereby into hydroxylamine and acetone : 

(N02)^C(CH>)* + 4H’‘=: CmCO.CHs + 2NIPO + ffO. 

Dilute hydrochloric acid is added to the pulverised nitro-compound in a vessel fitted 
with a reversed condenser, and metallic tin is added, the vessel being cool and 
the mass continually shaken. On evaporating the product, hydroxylamine hydro- 
chloride crystallises out (V. Moyer a. Lochor, Ber. viii. 216). 

2. Limtrobutanet similarly treated, yields hydroxylamine, and a ketonic body, 
probably methyl-ethyl ketone (Meyer, ibid. ix. 701). 

3. Ethyl-^iirolic acid (2«^? Suppl. 894), treated with tin and hydrochloric acid, is 
resolved into hydroxylamine and acetic acid : 

CH».C<^q? + H« + ffO = CH’.COOH + 2Nff>0. 

When othyl-nitrolic acid is suddenly brought in contact with tin and strong hydro- 
chloric acid, a violent reaction ensues, and the greater part of the nitrolic acid is de- 
composed, with evolution of red nitrous vapours ; but by proceeding as follows, the 
reaction may be made to go on regularly and without violence. The solution of tho 
nitrolic acid in the smallest possible quantity of lukewarm water is quickly cooled, 
and to the fine crystalline pulp thus obtained, finely granulated tin is added, and then 
dilute hydrochloric acid, by drops and with constant stirring, till further addition no 
longer produces rise of temperature, and a sample of the liquid treated with other 
no longer gives up ethyl-nitrolic acid. Tho acetic acid produced by the reaction is 
easily separated by diluting the pro<luct with water and distilling, and tho hydroxyl- 
amine may be obtained from the residue (Meyer a. Locher, loc. oil.) 

4. Nitroform (as ammonia-salt), treated in l>ke manner, yielded hydroxylamine 

hydrochloride, hydrocyanic acid, sal-ammoniac, a small quantity of nitrogen monoxide, 
and a volatile substance — probably formic acid — which reduced silver-solution (Meyer 
a. Locher). • 

5. Nitroimthaney heated with sulphuric acid, is resolved into hydroxylamine and 
carbon monoxide : 

2CH»(N02) + S02(0H)* = 2CO + (NH»0)*SH*0^ 

Equal volumes of nitromethane and fuming sulphuric acid are heated together on the 
sand-bath in a retort with reversed condenser till a brisk evolution of gas sets in, 
after which the reaction goes on spontaneously to the end, with considerable rise of 
temperature, so that it is^ necessary to mix only small quantities of the materials 
together at a time. The viscid products of the reaction are then heated on the water- 
bath till the pungent odour of sulphuric acid is no longer perceptible, then gradually 
added, with brisk stirring, to a mixture of alcohol and other ; and the crystalline mass 
which settles down is washed on a filter with the same mixture and dried under the 
exsiccator. If not yet qfuite white, it i^ust be dissolved in water, and the solution 
filtered, concentrated, and mixed with alcohol, whereupon it yields snow-white shining 
crystals of hydroxylamine sulphate. This salt melts at 140° and the ciystals, 
according to measurements by Dathe, are not monoclinic as formerly stated (Is? 
Suppl. 723), but triclinic, exhibiting the forms oo'P, oofoo, 'P, 2'P3, too, Poo 
(Preibisch, J. pr, Chem, [2], viii. 316). It unites with aluminic, chromic, and ferrio 
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BulphateB to form the following double salts, which correspond exactly in composition 
and crystalline form with the alums 

(NH*OH)*H*SO* . Al^SO*)® . *24aq. ; / 

(NIPOH)*lPSO«.Cr‘‘^SO^)».24aq.; ^ ^ 

(NH-'OH)^H2SO< . hVCSOO® • 24aq. 

A double sulphate of bydroxylamine and magnesium has also been obtained, 
cfystallising in long needles having the composition MgSO\NII*OII)WSO^ Caq 
(Meyeringh, Bcr. x. 1946). 

Beactions . — Hydroxylamine reilucos many metallic salts in neutral or alkaline 
solution, with formation of nitrogen monoxide or free nitrogen (l5< Sv/ppl. 723). x»y 
Fehliru/s solutim. in excess, it is completely oxidised to nitrogen monoxide and water: 
2NI1*0 + = N=0 + 311-0 (J. Donath, Ber, x. 766). According to Lessen 

lihid, viii. 357) it sometimes acts in the same manner also in acid solutions; platinic 
chloride^ for example, is redneed wlien heated for some time with hydroxylamine 
hydrochloride. In some cases, on tln', otlier hand, it appears to act as an oxidising 
agent ; thus aldehyde in contact wii Ji hydroxylamine is converted into acetic acid ; 
and thiocarbanilide gently heated with it is decomposed, with precipitation of the 
whole of the sulphur an<l formation of a compound which crystallises in needles 
(R. SchifF, Gazs, chim, Hal. vi. 241). 

With dihmnanitrocthane, hydroxylamine forms ^thyl-nitrolic acid: 

Cn».CBr-(NO’) + NH»0 = 2IJBr + CH’.C^^O? 

(Moyer aV 'iOciior, Z?cr. vii. 1614). See Nitrolic Acids. 


Constitution and Derivatives of Hydroxylamine. 

This compound is usually ref^resonted by tl j formula NR^.OH, or as ammonia 
having one of its liydrogcn-atoms replaced by hydroxyl. This view is supported by 
the formation of hydroxylamine by reduction of nitric acid NOlOH, which is precisely 
analogous to that of org?iiiic nitro-compounds to amines ; also by the behaviour of the 
compound to acids, which oxactly resembles that of ammonia, the nitrogen, which is 
trivalent in the base, becoming quinquivalent in the salts ; thus 

IIV Tr 

n^N.OH and HCl form 

no/ 

If hydroxylamine w-ore represented by the formula Il*N:i:i:0, in which the nitrogen 
already possesses its highest combining capacity, further combination could scarcely 
take place. 

Additional proof that hydroxylamine should be represented by a formula m which 
the function of at least one of the three hydrogen -atoms is different from that of the 
other two, is afforded by the fact, already noticed (2«t^ Svppl. 662), that benzanis- 
liydroxylamino formed by the action « f amyl chloride on benzhydroxamic acid, and 
anisbenzhydrox^damriie formed by the action of benzoyl chloride on anishydroxamic 
acid, are not identical but isomeric. Regarding hydroxylamine as IINH.OH, the 
reactions just mentioned may be represented by tht following equations : 

C^H'O.NK.OII + C«ir02Cl - HCl + C^H^^O.NH.OC-H^O^. 

Benzhydroxamic Anlsyl Bcuzauishydroxylamino. 

acid. chloride. 

C“IPO*NH.OH + C^IPOCl = HCl + C^IPOs.NH.O.C’H^O. 

Anlahydroxamlc Benzoyl Anisbcnzhydroxylamine. 

acid. chloride. 

This view of the constitution of the hydroxamic acids is likewise supported by the 
following reactions : , . , j -j . * 

1. Benzanishydroxylamine is resolved by the action of barium hydroxide into 

benzhydroxamic and anisic acids : • 

C®0.NH.0C*H"0* + n*0 = CaPO.NH.OH ^ C*HW0H 

and anisbenzhydroxylamine in like manner into anishydroxamic and benzoic acids. 

2. Potassium-benzanishydroxylaraino is decompose by boiling water into diphenyl- 
carbamide, carbon dioxide, and potassium anisato: 

2(C’H»0.NK.0C"H’0'-) + H*0 « CONaPtC^H®)* + CO* + 2C"H^0*K. 
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Potassium-anisbenzhydroxylamine, in like miinner, yields potassium benzoate and 
dimethoxyl-phenylcapbamide : 

V(C“H'0^NK.0C’H»0) + H^O = CON^H^CC^H^OCH*)® + 00^ + 2C»H'»02K. 

V 

3. Benzanishydroxylamine is resolved by distillation into anisanilide 
NII(C®H*)(C®II^6^) and anisic acid ; anisbonzhydroxylamino yields the amide 
NH(C*H^0CH*)(C^H*0) isomeric with anisanilide, and benzoic acid (Losson, lAcHfis 
Annalen^ clxxv. 271). From further researches {Liebig's Annatcn^ clxxvi. 1-24), 
Lessen concludes that all the three atoms of hydrogen in hydroxylamine diifcr in 
function one from the other; inasmuch as there can exist three different tertiary 
derivatives, in which two of the hydrogen-atoms are replaced by benzoyl, and one by 
anisyl, and three others in which tw’o hydrogen-atoms are replaceci by anisyl, and one 
by benzoyl. Thus, distinguishing the three hydrogen-atoms by the figures 1, 2, 3, 
it is found tliat the three bodies, 

1 S 3 

Benzanisbenzhydroxylamine .... N(C’II*0)(C*H'0®)(C'H®0)0 

Dibenzanishydroxylamino .... N(C'II®0)(C'H*0)(C"H'02)0 

Anisdibenzhydroxylamine .... N(C®IP0*)(C^H*0)(C’H®0)0 
are all different, as are also the three, 

v 1 2 

Anisbonzanishydroxylamine .... N(C"H^0-)(C’1P0)(C®H’0*)0 

12 3 

Bianisbenzbydroxylamine .... N(C"H'02)(C"ir0*^([l'ir'*0)0 

12 3 

Bonzdianishydroxylamine .... N(C’H*0)(C®1I'02)(C"II^0'*)0. 

lyroreover, each of these isomerides is capable of crystallising in different forms 
differing in aj^oaranco and melting point (though not in chemical reactions), so that 
more than one physical modification 9 f each isomcride exists ; these modifications are 
distinguished as a, jS, y hcnzamshcmhydroxylaminc., &c. 

To prepare these bodies, benzoy'L or anisyl chloride is made to react on tho 
calculated quantity of tho diy silver salt of the appropriate dihydroxamic acid, tho 
materials being dissolved or susp^'nded in benzene, and allowed to remain in contact 
at the ordinary temperatures until the decomposition of the silver salt is complete. 
Tho insoluble mass thus left consists of the required tri-derivative (practically in- 
soluble in benzene) mixed with silver chloride and more or less of the dihydroxamic 
acid, according to tho greater or lessor purity of tho organic chloride used. On boil- 
ing with alcohol and cooling the filter^ solution, the tri-derivative separates as an 
oily or semi-solid mass, soon becoming crystalline, and only sparingly soluble in cold 
alcohol. 

1 2 3 

(1). Benzantsbenzliydrozylaiiilne, N(C’IP0)(C*H^0*)(C’II^0)0*, is obtained 
by the action of benzoyl chloride on the silver salt of benzanishydroxamic acid, in 
three modifications, the reaction taking place according to the equation : 

N(C'H50)(C»H'02)Ag0 + C’H^O.Cl « AgC. + N(OTI»0)(C*M'02)(C’H*0)0. 

Tho a’modificatwn crystallises in the tricUnic pystem, and melts at 113®-114®; 
this is the modification formed in largest quantity: the Variety crystallises in 
rhombic forms, melting at 121^-125°, and is chiefly found in the alcoholic mother- 
liquors of the first crystallisation of the crude product of the reaction. Tho y-modifi- 
cation ciy’stallises in the monoclinic system, together with tho a-crystals, and is 
sepanible only by hand-picking : it appeared to melt at 110'’; but after fusion and 
solidification (which required a week) it melted at 120°, indicating that by fusion it 
had become converted into tho /S-modification. In one preparation, out of 46 grams 
of the three modifications jointly, 35 of the o, about 6 of tho /3, and about 6 of the y 
variety were obtained. 

When either of these modifications is heated with dilute hydrochloric acid, de- 
composition is brought about in accordance with the following reaction, benziinis- 
hydroxamic acid being formed— > 

(1). N(Cai*0)(0«H’0«)(C»H*0)0 + .H*0 = C»H«0* + N(CW0)(C'»H'02)H0. 

If, however, the acid be too strong or the action be too prolonged, more or le.ss of the 

* The names of tcrti.ary df-rivativeR, and the numbers placed over their formnlro, arc intondefl 
to indicate notijingmore than the order in which the several radicles are introduced Into tho hydroxyl- 
amine molccnle. 
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proiitet becomes split up, in accoidance with the following equation, into benzoic acid, 
anisic acid, and hydroxylamine : 

(2). N(0®0)(C»H^0*)(C^H»0)0 + 3H*0 = 20W0* + C*H»0® + NH»0. 

The o-modification is partially split up, and chiefly in accordance with equat^ 
(1), by heating to 100® for half an hour with 8-10 parts of hydrochloric acid ol sp. 
gr. 1'05; the /3-modification suffers no change under these circi^mstances ; nor is 
iA)re than a small ^quantity decomposed if the acid have a sp. gr. of ri4; by using 
fuming acid, however, it is decomposed, mostly in accordance with equation (2) ; 
benzliydroxaraic acid, formed in accordance with equation (1) was however separated 
from the products of the reaction. Modification-7 behaves as though it wore a mix- 
ture of a and /3, although its crystalline form negatives the supposition that such 
its character ; when heated with acid of sp. gr. r05 to 100®, it formed benzoic and 
benzhydroxamic acids, like the o-modification, whilst a considerable residue remained 
unaltered, which on examination was found to be identical with the ^-variety. Nearly 
40 per cent, of the jS-variety was thus obtained from the 7 (selected well-defined crystals 
being used), far too large a quantity to be due to accidental admixture from imperfect 
separation of the two kinds of crystals. 

Similarly, alcoholic potash decomposes each of the modifications a and /3 in accord- 
ance with the reaction — 

13 3 13 

N(CaPO)(C«H^O0(CUl»O)O + KOC^H* « + N(C'H»0)(C»H^O*)KO, 

forming ethyl benzoate and potassium henzanishydroxamate. When aqueous caustic 
potash the o-modilication is decomposed to a considerable extent in a similar 

way, forming potassium benzoate and henzanishydroxamate ; but a different reaction 
also takes place to a small extent, forming potassium anisate and dibenzhydroxamate ; 
whilst a small quantity of substance becomes yet further decomposed, forming a 
mono-hydroxamic acid. 

On heating the a-modification, it decomposes, with slight carbonisatmn, in accord- 
ance with the reaction — ‘ 

123 

N(C'H»0)(C«H^0‘^)(C»H*0)O = N.CO.C»H» + C'H*O.O.C»H^O*, 

producing phenyl isocyanate and benzanisic anhydride, just as tribenzhydroxylamine 
forms phenyl isocyanate and benzoic anhydride ; a small portion also decomposes in 
accordance with the reaction — 

12 3 

N(C^H’0)(C»1I^0=)(C»II'0)0 - N.CO.C»H«.O.CH» + C^H»O.O.C^H®0, 

forming the isocyanate of oxymethyl-phenyl, and benzoic anhydride. Quantitative 
estimations of tho amount of benzoic acid finally produced by first heating a 
weighed quantity of a-benzariisbonzhydroxylamine in a scaled tube, and then heating 
the products of the decomposition with strong hydrochloric acid, yielded 3;V6 per 
rent., the first equation requiring 32*5, and the second twice as much : whence tho 
second reaction occurs only to a very small extent. 

12 3 

(2). Blbenzanlsbydroxylamlney N(C'H*0)(C’1P0)(C®H'0‘)0, is known in 
two modifications only, which are obtained in the manner above described by the 
action of anisyl chloride on sitver dibeiizhydroramate. Modification a melts at 
110-110 *)° ; crystals monoclinic ; with hydrochloric acid of sp. gr. I'O.') it easily splits 
up, forming anisic and dibeiizhj’droxamic acids. Modification /3 melts at 109°-1 10° ; 
crystallises in rosettes, occurring with the last crops of crystals of a : crystalline 
system not determined; not. attacked appreciably by hydrochloric acid of sp. gr. 1’05, 
but split up on prolonged heating with acid of sp. gr. 1*14, dibcnzhydroxamic acid 
being the only dihydroxainic acid produced ; most of tho substance, however, was 
wholly split up, forming benzoic and anisic acids and hydroxylamine. 

The action of potassium hydroxide on those two modifications is different from 
what might be expected, as, instead of the last anisyl-group being eliminated, the 
products formed in each instance are the potassium salts of benzoic and boiizanis- 
hydroxamic acids, thus : ^ 

N(C^H®0)(C»H»0)(C"n"02)0 + 2KHO = N(C^H'‘0)(C«H’02)K + C’H^KO* + 

The silver salt of the benzanishydroxamic acid thus produced is converted by benzoyl 
chloride into benzanisbenzhydroxylamine. 

a-Dibeuzanisbenzhydroxylamine is decomposed by heat exactly in the same manner 
as tho corresponding modification of benzanisbenzhydroxylamine, the chief products 
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being phenyl isocyanate and benzanisic anhydride, whilst small quantities of phenyl- 
methenyl isocyanate and benzoic anhydride are likewise produced. 

(3) . Anlsdlbenzbydrox^lamlne. N(G^Q'O'0(O^H^O)(C^H^Op, is formed by 
tV action of benzoyl chloride on silver anisbenzhydioxamate. Tno a-modification 
foi^B monoclinic crystals melting at 137^-137*6°. It is slowly decomposed by hydro- 
chloric acid of sp. gr. 1*05, more readily by acid of sp. gr. 1*14, forming anisbenz- 
hydrozamic acid ; potash forms the same acid. When heated alone, it yields phenjdh 
methoxyl isocyanate and benzoic anhydride in considerable quantity, and only small 
quantities of phenyl isocyanate and benzanisic anhydride, behaving in this way just 
conversely to the two isomerides above described. 

The fi-4thodification melts at 109*5° -110*5°, and crystallises in small rosettes of 
undetermined system. It is not decomposed by hydrochloric acid pf sp. gr. 1*05, and 
only partially attacked by acid of sp. gr. 1*14. With potash it forms anisbenzhydrox- 
amic acid. 

By reactions exactly analogous to those above described, three metameric dianis- 
monobenzoyl-hydroxylamines are produced, two of which form a and jS modifications. 

(4) . AnlsbenzanisbydroxylamlnOf formed from anisyl chloride and silver 

anisbenzhydrozamate, melts at 152°-153°, and separates from ethereal solution in 
monoclinic crystals, with tabular development in the direction of the orthodiagonal. 
Axes, a : 5 ; c = 0*8662 : 1 : 0*3803 ; angle ac=75°*21*5'. Hydrochloric acid of sp. 
gr. 1*05 easily decomposes it, fotoiing anisic and auisbenzhydroxamic acids ; with 
potash it yields benzoic and dianishydroxamic acids. The jS-modification melts at 
148°-149°, and forms monoclinic crystals with tabular development to thb 

plane of symmetry. Axes, alb: 1*0016 .* 1 : 0*7887,* angle a c=89*61. This 
modification is formed in very small quantity only as compared with the ormodificar 
tion (1 : 34). 

(5) . Blanlsbenzbydroxylamiiie, from silver dianishydroxamato and benzoyl 
chloride, is Iftiown in one modification only. It forms monoclinic crystals melting 
at 147*5® ; is slowly attacked by hydrochloric acid of sp. gr. 1*05, more rapidly by 
stronger acid, forming benzoic acid f.nd dianishydroxamic acid, with no benzoylated 
hydroxamic acid of any kind. Caustic potash forms chiofiy benzoic and dianishydroz- 
amic acids, together with some anisic and anisbcnzhydroxamic acids. 

(6) . Benzdlanlsbjdroxylamlne is obtained in two modifications from silver 
benzanishydroxamate and anisyl chloride. The a-modification molts at 137°-138°, 
and crystallises in triclinic prisms with oblique end-fiices. Axos a l bl c^s 
0*8025 : 1 : 0*955 ; angl^e 5c-99® 45'; ac=115® 58'; a5 = 74° 43'. Observed 
forma: OP, ccF, oo'P, oo , Cleavage perfect parallel to ooF. The jB-modifi- 
cation melts at i37*5°-138®, and likewise forms tricliiiic crystals, differing however 
from the a-modificsition in the magnitudes of their angles. Axos a I b I c = 
0*4284 : 1 : 1*3997; angle 50=103° T] o(?=96*16; a 6 = 89*25. Observed forms 
OP, F, P^, 'P, ^P, oof QO , Cleavage perfect parallel to OP. Both modificjitions aro 
easily decomposed by hydrochloric acid of sp. gr. 1*05 into anisic and bonzanishydrox- 
amic acids ; the a-modification also by caustic potash. 

On comparing together the modes of decomposition of the above described tertiary 
hydroxylamines by hydrochloric acid, it is found that the radicle which is last 
introduced, and completes the formation of the tertiary hydroxy himine-dcrivative, is 
also the one first eliminated, the ofhor two remaining later. The same rule applies 
to the action of potash, in many cases but not in all, benzanisbcnzhydroxylamino and 
benzdianishydroxylamine forming partial exceptions, and dibenzanis- and anisbenz- 
anishydroxylamino total exceptions to the rule. On the other hand, it is found thiit 
the radicle which is first introduced and forms a primary hydroxylamino derivative 
remains last when the tertiary derivative formed from this primary derivative is 
decomposed by potash in such a manner as to eliminate two out of the three radicles. 

The optical examination of the crystals of tho tertiary hydroxylamines — all of 
which exhibit strong double refraction — shows tliat the metameric modifications have 
certain optical properties in common. In benzanisbeaz- and anisbenzanishydroxyl- 
amine, the pianos of the optic axes for all colours are perpendicular to the plane of 
symmetry; the second median lines coincide with the axis of symmetry, and horizontal 
dispersion takes place round the first median linos. In dibenzanis- and dianisbenz- 
hydrozylamine, the plants of the optic axes for all colours have the same positions, 
but the first median lines coincide with the axis of symmetry, and crossed dispersion 
takes place round this axis. There is therefore a certiiin conespondence between the 
optical and chemical characters of these bodies, indicating a connection between their 
physical structure and chemical properties. 
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TribeniOijdrozylaiiilne. i^(C’H^0)”0 (Lossen, IMUg^ Annalen, clxxv. 282, 
299 ; clxxxvi. 3, 34. 0. Lehmann, Zeitschr, /. KrystallografhUt i. 627. Klein a. 
Treohmann, Liehkfa Annal&ii^ clxxxvi. 76 ; Zeitachr. Kryst, i, 637). This compound is 
known in three modifications (o, /3, 7), which are formed simultaneously by the action 
of benzoyl chloride on the potassium or silver salt of dibenzhydroxamic acid. A^h 
the former the action takes place at the temperature of the water-bath, and is 5^1- 
pleted almost instantaneously. As however the potassium salt decomposes sponta- 

* eously at this temperature, it is better to use the dry silver salt ; 10 jwrts of this salt 
re drenched with 30 parts of dry benzene, and 4 pts. of benzoyl chloride diluted with 
8 pts. benzene are added. The mixture, which at first forms a stiff paste, gradually 
separates into a precipitate and a liquid which leaves a small residue on evaporation. 
The precipitate, consisting of silver chloride, o and i3 tribenzhydroxylamine, and 
dibenzhydroxamic acid, is washed with ether, which takes up chiefly the o-modificati jn, 
and then with boiling alcohol, which dissolves the jS- and 7-compounds and the rest 
of the dibenzhydroxamic acid. The alcoholic solution treated with solution of sodium 
eirbonate yields a precipitate consisting of the jS- and 7-modifications, which may be 
purified by recrystallisation from ether or alcohol, the 3-compound then separating in 
many-faced prisms or needles, the 7-compound (according to Steiner, Lichifjs Annalen^ 
clxxv. 240) in short thick crystals resembling rhombohedrons ; the two kinds of 
crystals may be separated by hand-picking. 

a Tribenzhydroxylamine molts at 100°, and is resolved by heating for an 
•hour with hydrochloric acid of sp. gr. 1-05 into dibenzhydroxamic and benzoic 
9cids. It is very soluble in benzene, and ci^stallises therefrom, also from oil 
[? petroleum], and from a state of fusion, without alteration. The crystals are mono- 
•Jlinic, exhibiting the forms OP, oopoo, +4roo, —Poo, +2Poo, ooP, ooP3. Cleavage 
very distinct parallel to ooPoo ; less distinct parallel to OP. Axes, a: b : c = 
1*866 : 1 : 1*1418. Anglo ac=81° 42'. Plane of the optic axes ooEoo. Double 
refraction strong. 

3 Tribenzhydroxylamine melts at 141°- 142°, and is less soluble in benzene than 
the preceding modification. It crystallises in the monoclinic system. Axes a : 6 : c — 
0*8970 : 1 : 0*3004. Angleac = S3° 21'. Observed forms: ooP, — P,Pco, ooPoo, ooiioo . 
Cleavage parallel to oopoo . Plano of optic axes oo^oo . Double refraction, positive, 
strong. This is the modification described in Sit 2 )pl. pp. 165, 166. 

7 Tribenzhydroxylamine melts at 112°, and forms short monoclinic prisms 
cop, OP, cleavable parallel to both faces. Axes, alb: c = 0*9257 III?. Anglo 
a 0 s 66° 54*5'. Plano of optic axes, oopoo , Double refraction strong. Dispersimi 
slight and inclined. This modification is resolved by alcoholic potash into the ethylic 
ethers of benzoic and dibenzhydroxamic acids. 

With regard to the constitution of these isomeric derivatives, it has already been 
observed that Lossen regards the differences between them as affording proof that 
the three combining capacities, orquantivalcncics, of a nitrogen-atom are each different 
one from the other. At the same time ho observes that the occurrence of three 
modifications of a, 3i 7 of a given tri-substitution derivative of hydroxylamiuo may 
be explained by difference of position of the substituted radicles ; thus, anisdibenz- 
hydroxylamino, which contains the group C*!!* twice and C^H’O once, might exhibit 
the throe following modifications ; 


N 




r— CO.OTP 

r 

fCO.C«H» 

CO.C«IP 

O.CO.C'H^O 

* N- 

i 

— C.C«H* 

V 

L — C.C’H’O 



-O.CO.C«IP 

A 

--Xc’H’O 


Moreover, polymerisation may be supposed to take place by the nitrogen becoming 
pentadic, so as to give rise to di-hydroxylamine, ; and in this, 

the replacement of two hydrogen-atoms by a radicle A, and of a third by another 
radicle B, may give rise to nine different modifications, according to the relative 
positions taken up by these radicles. 

Bjdroxamio Etbers (Lossen, Bcr. vi. 1392; vii. 841 ; Liebig's AmxaJmt 
clxxv. 284, 313. Pieschel, ibid. 305. Eiseler, 326. Eostoski, ibid, clxxviii. 
213. Waldstein, ibid, clxxxi. 384. Lossen a. Zaiini, ibid, clxxxii. 220). Lossen has 
shown that the di-derivatives of hydroxylamine containing two acid radicles, R, R' 
(which may be the same or different) may bo represented by the general formula 
R.NH.OB^ (p. 1076). These compounds are acids, in which the hydrogen-atom of the 
NH-group may be replaced by metals and alcohol-radicles, giving rise to normal suits 
and ethers. 
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Dlbenxliydrozamlc acid* G^H^O.NH.OC^H‘^), has been already described 
{2nd Suppl, pp. 154, 662). Its potassium salt is decomposed by water into carbon 
dioxide, potassium benzoate, and (not N*C*®H*®0 as formerly stated, but) symmetrical 
diphenyl-carbamide, or carbanilide, CO(NH.C*H*)*, identical with that which is ob- 
tained by the several reactions given in vol. i. p. 756, and by heating urea with aniline 
(Bao^’er, SuppL 398) : 


C«H».CO.NK.O.CO.C*H»l ^ _ O-mCO.OK) 

C«H».CO.NK.O.CO.C«H®J ^}H “ C-mCO.OKi 

Potassium Dibcuzbyclroxomate. Potassium Benzoate. Corbuiilide. 

(2 mol.) (2 mol.) 


+ CO*. ^ 


The proof that the diphenylcarbamide thus produced is really the symmetrical modi- 
^«^tion is afforded by the fact that when heated with strong hydrochloric acid to 180^’, 
it is resolved into CO* and aniline : 


CO<NH(S^H?) + “O = + 2NH»(C'H‘) 

(Lessen, Ber, "ni. 841). 

These results have been confrmed by Eotermund {Liebig's Annalen^ clxxv. 257), 
who also finds that the reaction is the same with hot and with cold water ; 1 mol. 
dibenzhydroxamic acid and 1 mol. NaHO form diphenylcarbamide ; with 2 mols. NaHO 
the products are benzoic and benzhydroxamic acids. 

Dibenzhydroxamic acid is resolved by distillation into carbon dioxide, phenyl 
isocyanate (and isocyanuratc), benzole acid, and bonzanilido (Pieschol) : 


2N(G’H50)*H0 = CO* + COrzN.C^H* + OTPO.OH + C‘H*O.NH.O"H». 

Ethyl Dihenzhydroxamate^ CUi^O.N(C*II*).OC^TPO (Eiselcr, — This 

ether is formed, together with other pi-oducts, by the action of ethyl iodide on an 
ethereal solution of potassium dibenzhydroxamato. It crystallises in prisms melting 
at 58®, dissolves easily in alcohol and ether, and decomposes with violence at high 
temperatures. Heated with strong hydrochloric acid it yields hydroxylamine hydro- 
chloride, benzoib acid, apd ethyl benzoate : t 

C'fl*0,N(C*H*),0C^H*0 + 2nOH** C'lPO.OH + C^H50.0C*H* -h NH*0. 
Hot potash-solution converts it into benzoate and ethylbenzhydroxamate of potassium : 


C’H»0.N(C*H»).0C’H*0 + 2KOH = C^H*O.OK + C’H‘'O.N(C*IP).OK + H*0 


Ethylhenzhydroxamic acidy C^Il*O.N(G*H'').OII, separated from the latter 
salt, is, according to Eiseler, an oily liquid. Lessen a. Zanni, however, by commencing 
the preparation with pure cthyldibenzhydroxamate, have obtained this acid in limpid 
shining tables or prisms melting at 53-5® to 54-5°. It dissolves in water, alcohol, and 
ether. The solution of its potassium salt forms precipitates with metallic salts. By 
heating w'ith hydrochloric acid it is resolved into ethyl benzoate and hydroxylamine 
hydrochloride (Eiseler). 

Its ethyliG ethcTy C’H’O.N(C*lI'‘),OC*II*, forme<l by the action of ethyl iodide on 
ethylbenzylhydroxamic acid dis.solvcd in alcoholic potash, is a yellowish, aromatic, 
highly refractive liquid, insoluble in water, easily soluble in alcohol and ether. Dis- 
solved in weak spirit and heated with a little hydrochloric acid, it is resolved into 
ethyl benzoate and ethyl-hydroxylamine : 

C’H»O.N(C*H®).OC*H* + HpH = C’'H»O.Oe*H» + NH(C*H»).OH. 

Methyl BihenzhydroxamatSy C^H*0.N(CIP).0C^H»0, formed like the ethyl- 
compound, is an oily liquid which solidifies at — 15°. Potash converts it into methyl- 
benzhydroxamic acid, C’H*O.N(Cn*).OH, which is resolved by hydrochloric acid into 
methyl benzoate and hydroxylamine ; 

C'H*O.N(CH*).OH + H*0 = C’lPO.OCH* + NH»0. 


Ethylene Bibenzhydroxamatey G*H<[N(C^H»0)(0C^H*0)]*, crystallises in 
prisms, melts at 148®, is sparingly soluble in cold ether and alcohol, and moderately 
stable towards potash (Eiseler). 

Ethyl BenzhydroxamatSy G^H*0,NH.0G*H*, metameric with ethylbenz- 
hydroxamic acid, is formed when benzhydroxamic acid (1 mol.) is loft in contact for 
twenty-four hours with a highly concentrated solution of potassium hydroxide (2 mol.) 
and ethyl iodide (1 mol.), tbe mixture being frequently agitated: 

G’H»O.NH.OH + 2KOH + C*IPI « G'JPO.NK.OC*H* + KI + 2H*0. 

The resulting solution is freed by filtration from potassium iodide, and carbon dioxide 
is passed through it for about an hour, whereupon the othylic bonzhydroxamate either 
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Beparates as an oil or remains dissolved, according to the degree of dilution of the 
liquid. In either case it is extracted by agitation with ether, and the ethereal solu- 
tion, after drying with potassium carbonate, is left to evaporate. The residual mixture 
of an oil and a crystalline mass is pressed, and the crystals are purified by repeated 
ciysfc'illisation from alcoliol. ^ 

The crystals thus obtained have a tabular habit, and appear to belong the 
rhombic system. They have a faint aromatic odour, molt at 64®-65°, dissolve easily 
lb ether and in alcohol, less easily in water. The largest crystals, which have the 
form of thick tablets, from predominance of the^inacoids, are obtained from the alcoholic 
solution; the ethereal solution yields by spontaneous evaporation flat needles or 
concentrically radiate crystalline masses. Benzene, added to the ethereal solution, 
throws down the ethylic benzhydroxamate in the form of an oil. ■’* 

This compound, like its isomeride, exhibits slightly acid properties. A molecule 
of it is dissolved by 1 mol. potassium hydroxide, and the resulting solution gives 
precipitates with silver, mercury, and lead salts. The sihcf salt, (C’H®0)NAg.OC^lI», 
is a white precipitate easily decomposed by heat (Waldstoin). 

This ether, heated in a sealed tube with excess of hydrochloric acid, is resolved 
into benzoic acid and the hydrochlpride of ethylhydroxylamine : 

CTPO.NH.OC^n® + IVO = C'H®O.OH + N(C2H®)JPO. 

The latter compound is produced in like manner, together with ethyl benzoate, from 
the ethylic ether of ethylbouzhydroxamic acid (p. 1080). 

Ethylhydroxylamine hydrochloride, N(C'‘*n®)H20,HCl, is a crystalline substance 
which deliquesces in the air and dissolves easily in absolute alcohol, it is precipitated 
from its alccholic solution, on addition of ether, in large pearly lamin®. When heated 
it molts and decomposes, evolving gas. Its solutions exliibit many of the reactions of 
hydroxylamine, reducing silver, mercury, and copper salts, and also chromic acid in 
alkaline solution. The platinochloride, 2[N(C‘H®)H‘-0,HCl].PtCl*, formed by mixing 
alcoholic solutions of the hydrochloride and platinum tetrachloride, is deposited as a 
yellow crystalline powder on adding ether to the solution. It dissolves easily in water 
and absolute alcohol, and crystallises therefrom in prisms on evaporation (Lossen a. 
Zanni. — Waldstein). 

M ethylic Ethylheri.shydroxamate,Q'^T1^0.l^{(yi^%00'n}, is prepared, like 
the corresponding ethylic ether, by the action of methyl iodide on ethylbenzhydroxamic 
acid dissolved in alcoholic potash (Lassen a. Zanni), or on the silver derivative of 
ethylic be nzhydroxamate (Waldstein). It closely resembles its ethylic analogue, and 
is re.solvcd by hydrochloric acid into ethyl benzoate and metliyl-hydroxylamino : 

C’H®O.N(C=H®).OCIP + H^O = C'H^O.OC^H® + N(CH»)n*0. 

Methylhydroxyhmine hydrochloride, N(CH®)II“O.IICl, formed in the reaction just 
mentioned, closely rosemblcs the ethyl-compound. It crystallises from a hot saturated 
solution ill alcohol in flat prism.M. The chloroplatinate, 2N(CH®)n"O.HCl.PtCl*, dis- 
solves very easily in water and alcohol. It is precipitated from its alcoholic solution 
by ether as a cryatiilliiio powder, and is deposited from its solutions on evaporation in 
largo flat orango-red prisms or tables. 

Ethylic trvcthylhmshydroxamate, C'H®0,N(CII*).OC-H*, prepared by the action of 
ethyl iodide on mcthylbenzliydroxamic acid dissolved in alcoholic potash, is a mobile 
liquid having an agreeable aromatic odour ; when decomposed by hydrochloric acid, it 
yields methyl benzoate and ethylhydroxylamine : 

C’H®O.N(Cll’).OC-H» + H-0 = C»n®O.OCH» + N(C'n®)n‘0. 

Ants- and Dlanlsbydroxamlc Acids (Losson, lAehig's Annc.lm, clxxv. 284). 
Those acids are produced by the action of anisyl chloride on an alkaline solution of 
hydroxylamine hydrochloride. From the crude product, water extracts anishydrox- 
amic and a small quantity of anisic acid, tho rest of the latter, together with the 
dianishydroxamic acid, remaining undissolvcd. The first two acids may be separated, 
either by conversion into barium salts (the anishydroxamate being insoluble in water) 
OP directly by means of ether, which dissolves the anisic acid with only a very small 
quantity of the anishydroxamic acid. 

Anishydroxamic acid crystallises from boiling water in colourless laminae, 
which easily acquire a reddish tint from the prosonso of slight impurities. Its normal 
melting point is 156°-167°» but it molts between 140° and 150° when kept for some 
hours at that temperature. It dissolves rea.Iily in alcohol, is nearly insoluble in ether, 
quite insoluble in benzene. Its solutions, oven when slightly acid, produce a deep violet 
colour with ferric chloride. Its aeid potassium salt, N(C*H’0*)HK0.N(C*H’0*)H'‘*0, 
is somewhat sparingly soluble and crystallises in flat needles (Lossen). When a 
solution of lead cucetate is gradually added to a solution of this acid potassium salt, a 



1082 


HYDEOXYL-URBA. 


precipitate is formed which at first redissolves, but afterwards becomes permanent. 
A solution filtered from the precipitate formed in the first instance, was once observed, 
when left at rest, to deposit colourless shining needles having the same composition as 

ti^dense white precipitate, namely N(C*‘H’0*)nO* crystfillised salt cannot 

bo recrystallised from w-ater ; when boiled with water it gives up a small quantity of 
lead and traces of *nishydroxamic acid. When heated, it suddenly decomposes, with 
formation of acetic acid, and perhaps of amidanisoil (N. Hodges, Liebig's Annaleitl 
clxxxii. 218). 

An (ueto-benshydromate ofUad^ having tlio composition, 

N(C»H*0)Ho|^^ • ^^[(C'H®0)H0]'-, 

is obtained when a concentrated solution of lead acetate (6 grams to 40 c.e. H*0) is 
mixed with a solution of 1 gram of potassium benzhydroxamato (Hodges). 

Dianishydroxamie acid, C"H’02.NH.0C"H'0^ crystallises in needles melting 
at 142®-143®, slightly soluble in ether, insoluble in benzene. By baryta- water in 
excess it is resolv^ into anisic and anishydroxamic acids (Lessen). 

Ethylic Benzanishydroxamate^ C'H*0.N(C"H^).0(C’*H’0-), is formed by the 
action of ethyl iodide on an ethereal solution of potassium benzanishydroxamate. 
It crystallises in rhombic tablets, ^elts at 69®, and is resolved by potash into ethyl- 
benzhydroxamic and anisic acids : 

C’H‘0.N(C2H*).0(C«H»02) + H^O - C7H*O.N.C*H».OH CsBt’O^.OJI; 
and by potash into benzoic acid, anisic acid, and ethylhydroxylamino : 
C’H»0.N((yH*).0(C*n^02) + 2WO = C’H^O.OH -P C«H’0*.0H + N(C=n*‘)H20. 

Ethylic Anishenzhydroxamate, (C®irO®)N(CW).OCWO, prepared in like 
manner, crystaiilises in prisms; melts at 79®; is decomposed by potash into othyl- 
anishydroxamic and benzoic acids, aild by hydrochloric acid into benzoic acid, anisic 
acid, and ethylhydroxylamino (Eisele]|j). 

Clnnamtaydroxamlo Aoldf C^H^O.NH.OH, is formed, together with dicinnam- 
hydroxamic and cinnamic acids, by the action of cinnamyl chloride on hydroxylamino 
in aqueous solution. It melts at 110®, dissolves slightly in cold, more freely in hot 
water, easily in alcohol and ether, but is insoluble in benzene. Its solution colours 
ferric chloride deep violet. The acid potassium salt, (C*H’0)NH0K.(C^H*0)NH01I, 
and the corresponding sodium salt^ form easily decomposible yellow crystals. The 
barium salt is a sparingly soluble yellow crystalline powder which, when heated, gives 
off carbon dioxide and ammonia, and yields traces of a basic compound. 

Dicinnamhydroxamic acid^ C®IUO.Nn.OC“H^O, is slightly soluble in ether, 
insoluble in water, and crystallises in prisms or laminm which melt at 152°, and are 
not dissolved by barytsi-water. Its salts, when once sr parated from aqueous solution, 
are no longer soluble in water. The potassium salt is decomposed by boiling with 
water, and converted for the most part into cinuamato. When the acid is heated to 
incipient carbonisation, a resin is formed, from wWch small quantities of a crystalline 
powder, N*C*'H**0*, melting at 290°, may bo extracted (Rostoski, Lveln^s A^nnalen, 
clxxviii. 213). 

BnROXTab-UREA, CH^N^O* = CON2H»(OH) (Is^ Suppl. 725). Potassium 
and sodium derivatives of this compound are obtained, thougli not pure, by mixing its 
alcoholic solution with a solution of potassium or sodium ethylate, whereupon colourless 
and often crystalline precipitates are formed, which rapidly attract moisture from the 
air. The potassium salt, dried in a stream of air, appeared to have the composition 
CH*KNW.CH*N*0*. A lead salt is obtained by adding lead acetate to an aqueous 
solution of the potassium salt till the precipitate redissolves ; tbrj solution then deposits 
small colourless crystals having the composition (C“H*0'*)''^Pb.(CnW0“)‘-*Pb.CH^N'‘*07. 
A cupric salt is obtained by adding cupric acetate to the aqueous potassium salt, as a 
gummy precipitate which dries up to a shining green mass, and has nearly the composi- 
tion 4CH'''CuN*0*.C*H^0* (N. Hodges, Liebig's Asmalcii, clxxxii. 314). 

BTDROXTMSTBOXTCZinrAMZC ACZB, 

(>»H»(OH)(OCH^.CH=CH.COOH. 

This is the constitution of feiulic acid, obtained from asafetida, and produced syn- 
thetically by digesting sodium-vanillin with excess of acetic anhydride and sodium 
acetate (p. 785). 
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BYDVRIUC ACZD, (Murdoch a. Doobner, j?cr. ix. 1102J. The 

ammonium salt of this acid is formed, together with oxalic acid, carbon dioxide, and 
carbon monoxide, by heating air-dried crystallised alloxantin for three or four hours 
to 170° in a sealed tube. On acidulating the crude "product with hydrochloric acid, 
and submitting it to fractional evaporation, hydurilic acid separates out first^ud 
afterwards oxalic acid. When alloxantin is heated to 170° in contact with tlie air, 
the oxalic acid produced is resolved into CO, CO**, and water, and the hydurilic acid 
tremains in the free state, especially if the heating bo prolonged. Alloxantin heated 
to 170° vith water does not yield hydurilic acid, inasmuch as the latter is decomposed 
by water at about the same temperature. 

Air-dried crystallised alloxan is decomposed at 170° in the same manner as 
alloxantin ; and experiment shows that it is not in the first instance resolved \ .0 
alloxantin, parabanic acid, and carbon dioxide, but that the decomposition takes place 
in the manner represented by the equation : 

eewN^'o* + lon-'O = c«h«n‘o« + + loco* + 4Co -h snh®. 

Alloxan, heated to 170° in contact with the air, does not yield hydurilic acid, since it 
gives up its water of crystallisation oven at this temperature, and anhydrous alloxan 
is not capable of yielding hydurilic acid. 

When hudrotjcn sulphide is passed for several hours through a boiling aqueous 
solution of alloxantin, hydurilic acid is found amongst the products of reduction. 

HTGROPHXZiZTE. A green mineral resembling lithomarge, occurring in shaly 
nodules in the siindstonos and siliceous conglomerates of Hallo on the Saal, and in 
tlitt coal-mine of Wettin. Hardness = 2. JSp. gr. = 2*670 at 18°. Two analyses, 
(1) made by dissolving the mineral in hydrochloric acid; (2) by decomposing it with 
sodium ciirbonate, gave the following results, leading to the formula 2 (RO.SiO'-*) -^■ 
3(Al‘W2Si0■')+5H*0; 

SiO“ (‘) A1»0» FeO CaO MgO K’O Na“0 K»0 

(1) . 48-784 31*920 3*145 1*065 1*718(2) 6 673 1*364 9*016 = 102*684 

(2) . 48 061 32 193 3*383 ‘ 1-241 1-71« 6*673(») l*364(»y 9*015 = 102-648 

(‘) With trace of TiO (*) Taken from No. 2. (*) Taken from No. 1. 

Hygrophilito is distinguished from the other minerals of the pinito group by its 
solubility in pofcish and in hydrochloric acid, its property of exfoliating in water, and 
its low specific gravity. The air-dried and pulverised mineral is capable of absorbing 
17 per cent, water. At 300'^ the air-dried substance gives off 4*6 per cent. H'-’O, and 
at a bright red heat the loss of weight amounts to 8-697 per cent., which, when account 
is taken of the simultaneous inercaso of weight due to the conversion of FoO into 
Fo"0“, is oquivaloiit to a loss of 9-037 per cent, water. Microscopical examination 
showed tho oxisteiico of uuinorous green pores, from which gas-bubbles escaped when 
tlio mineral fell to pieces in water (Laspeyres, J. pr, Chem, [2], vii. 287 ; Chem. Soc, 
Jour. 1873, 1207). 

HYOSCYAMUS. In the mother-liquors of henbane (//. niger), from which 
hyoscyamine has been separated, E. Buchheim has found an amorphous alkaloid whicli 
he designates as Sikeraniue. 

On the Detection and Estimativ^n of Hyoscyamine, see Plant-bases. 

HYPERSTHERS. Dos Cloizeaux {Jahrh,f. Min, 1874, 429) describes hyper- 
stheiie crystals from a trachytit conglomerate from the Capucin (Mont Dore), agreeing 
exactly with tho variety described by G. vom Ejith as amblystrgite {^Ind Suppl, 66), 
Tliey are accompanied by reddish needles of tridymito and zircon Hypersthene has 
also been found, together with augito and oligoclaso, in the lava of Santoriu (Fouqud, 
Compt, rend. Ixxxi. 220). 

BYPOCHZiOROUS ACZD. See Chlorine (p. 449). 

RYPOGAEZiZO ACZD. This name was given by Matthiessen a. Foster to a 
modification of dioxybenzoie acid, CHPO*, which, according to their experiments, was 
obtained by boiling hemipinic acid with hydriodic acid (iii. 239). According to 
Beckett a. Wright, however {Chem. Sog, Jour. 1876» i. 174), the product thus obtained 
is not a distinct acid, but a mixture of opianic and hemipinic acids, perhaps with 
addition of protocatechuic acid (see Naucotine). • 

BYPOirZTROUS ACZD. See Nitrogen, OxYaBN-ACiDS of. 

BYPOPHOSPBORZe and BYPOPBOSPBOROUS ACZDS. See Phos- 
phorus, Oxygen-acids of. 

BYPOBUEPBUROU8 ACZD. See Sulphur, Oxyobn-acids op. 
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BTFOXAlffTRnrB, C*II^N^O. Sardne.—ThiB substance is formed by the 
action qf pancreas ferment on blood-fibrin ; also, though in much smaller quantity, 
by the simple decay of blood-fibrin (Salomon, Ber. xi. 574). It is also produced, 
together with leucine, tyrosine, ‘xanthine, guanine, and carnino, in the decomposition 
of^e albuminous constituents of yeast (Schiitzenbei'ger, Bull, Soc, Chim. [2]. xxi. 
204 ^ 


I 


ZCACnr, C^®H”0. The crystalline resin of Conima or Incense-resin (p. 555). 

ZCS. Large masses of ice may bo gradually penetrated at ordinary temperatures, 
and with the exertion of only slight pressure, by the meshes of fine wiro-gjiuze. The 
ice thus penetrated has a structure similar to that of the wire-gauze, and incloses 
small air-bubbles disposed in columns. A block of ice fixed between two boards was 
in like manner traversed, without being permanently divided, by a loaded pendulous 
wdre, the plane traversed by the wire being merely marked by a turbidity arising from 
small bubbles of air (J. T. Bottomli^, Poggf, Ann. cxlviii. 492). 

From experiments on tho plasticity of ice, F. Pfaff {iljul. civ. 169) infers that the 
slightest pressure is sufficient to displace the particles of ice, if it acts continuously, 
and the temperature of the ice and of the surrounding medium is nciu'' the melting 
point. 

On the Optical Structure of Ice, see Bertin {Ann. Chim. Bhys. [5], xiii. 283 ; 
Chem. Soc. Jour, xxxiv. 632). 

ZBOCRASE. This mineral occurs between Drammen and Konerud in Norway, 
in a very decofuposed gedimentary rock, crystallised* and crystalline. The rock is 
penetrated by numerous hollow spaces formed by the weathering of corals, and the 
idocrase crystals line these hollows particularly those formed by cyathophyllii. 
These crystals are occasionally 1 cm. in height ; are alw'ays attached, and exhibit the 
combination oo P . P . qo P oo . 3P . 3P3 . P oo OP. Smaller hollows, such as thoso 
formed by halysites, are filled with crystalline granular olivine and grass-groen 
idocrase. Hyacinth-red garnets accompany the idocrase (Broggor, Jahh. f. Min. 
1876, 661). 

ZDRTXi. This name was applied by Bodeker to a mixture of hydrocarbons 
obtained by the dry distillation of an Idrian quicksilver ore (iii. 242). Goldschmicdt, 
who has lately examined this product, finds it to be a mixture of anthracene, phen- 
anthreno, pyrene, chrysene, and fluoranthene, for the last of which he retains the 
name ‘ idryl’ (see FLUonAXTHE>U5, p. 724). 

ZGASVRZC ACZB. {See 2nd Suppl. 665. 

ZBZiEZTE. An iron sulphate, occurring, together with other minerals, in tho 
graphite of Mugrau, Bohemia. It is amorphous, oc,curring either globular or reniforni, 
exhibiting in section a confused reticulated structure composed of fine lamollse ninl 
fibres, which, however, on microscopical examination, do not appear to bf‘ crystalline. 
Sp. gr. 1*812. It is soluble in cold water, but on warming it to •40'^, a basic ferric 
sulphate separates out. An analysis of samples of this mineral yielded tho following 
results, proving ths constancy of tho process of formation, viz. : — 

SO* FeO Ffc=0* APO’ CaO H“0 

, 

/38*2 2*1 24*5 — Ztyb = 100-3 

1875 . \ " r ' 

1 37-4 260 0*3 0*4 35*6 = 99*8 

1876 . 37*2 1*4 25*6 0 3 35*3 = 09*8 

Ihleite appears, therefore, to be a combination of ferrous and ferric sulphates, repre- 
sented by the formula FoSO*.9Fo®^0**+ 120JPO. Tho mineral which most nearly 
approaches it in composition is misy, which differs, however, from it in its lower 
pcrcontige of water and hjgher percentag;^. of sulphuric acid. Jhleito is of course 
a secondary product, formed by tho oxidation of iron pyrites, the largest and best 
specimons being always found in tho impure, hard, stony graphite (Schrauf, e/aM, 
/. Min. 1877, 262). 

ZEMEirzUM. See Niobium. 
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XMXDOCAPltirZiXC ACID. See Oafutlic acid (p. 381). 

XMXDOSUWHOXXC ACXB, NH^S^O® = NH(SO'^.OH)^ Berglmul {fier. ix. 
262), by acting on sulphuTic hydrochlorido, Cl.SO-^.OH, with ammonia, haa obtained 
a crystallised compound which he regards as the* triammonic salt of this acid, 
or M(NII;‘)(SO*.ONlI'‘)“, and as identical with crystallised ammo^m 
sulphamato, NH’^.SO'^.ONll* (v. 476; Rose’s Parasulphatammon ; Jacquclin’s siilph- 
amide, Jkrs. Jalircsh. xxiv. I'JC). His reasons for assigning to it the more complex 
formula above given are tliiit only two-thirds [? three-fourths] of the nitrogen is given 
off by boiling with caustic alkalis, the remainder only on ignition with soda-limo, — 
and that numerous derivatives of the compound in question may bo foimed containing 
2 at. S to 1 at. N. 

Imidosulphonic acid is, however, not bi- but tri-basic, the hydrogen-atom attached 
to the nili-ogoii b ;ing replaceable by metals, as W'ell as those which are present in the 
form of hydroxyl. The acid forms, therefore, two classes ot salts, viz. ‘neutral salts,’ 
NH(SO‘*.OR)* (better called dimetallic), and ‘ basic’ or irimctallic salts, NR(80^.0R)‘‘^. 
All these salts are distinguished by the peculiarly close attachment of the sulphur to 
the nitrogen, shown, in the case of the ammonium salt, by the fact that part of the 
nitrogen is givtui off* only on ignition with soda-lime, and in the case of the rest, that 
the sulphur is only partly removed by cliloride of barium, even after prolonged boiling. 

The di metallic imidosulphonatos are, for the most part, easily soluble, aud 
only the ammonium, potassium, and barium salts are crj'stallisable. The potaasium 
salty >iII(iSO‘*K)'‘', which is but sparingly solub^, is identical with Fr6my s sulph- 
ammonate (v. 482), and with the disulphammonateof Clans a. Koch (Is^ Swppl. 1047), 
to which, however, these chemists assign the formula NI1“8‘0®K‘-*, differing by 2 at. H 
from that ^ven by Bcrglund. The latter regards Claus’s formula as inconsistent 
with the formation of the ammonium salt from ammonia and sulphuric hydroxychlorido, 
and likow’iso with certain reactions of amidosulphonic acid. The alteration of the 
fcrmula according to Bcrgluud’s views would, how'ever, involve corresponding altera- 
tions in those of the other sulphammonic acids described by Claus a. Koch, a point- 
which cannot be decided withoijt further investigation. ? 

The trimetallic imidosulphonates ftae much less soluble than the dimetallic 
salts; they are for the most part crystalline, a^.d are converted into dimetallic salts by 
treatment with weak acids. The ammmium mlty (NIP)N(SO’‘*.0]SII‘y’, agrees in 
composition with Rose’s formula 255H“.80*. The potassium salty KN(S0’’K)^.H‘‘*0, 
forms bulky crystals, probably triclinic. The sodium salt, NaN(SO®Ka)’'+ 12H®0, 
Ibrms large, micaceous, very efflorescent plates. The barium salty BaN'‘'[(S0*)'"Ba]*.5lI*0, 
the strontium salt, SrN"[(S0^)'*Sr]-.6H"O, and the calcium salty CaN*[(S0*)‘Ca]*.6ir-’0, 
are obtainetl as slightly soluble precipitates which quickly change to masses of small 
iK.'cdlcs. The silver salt, AgN(SO^Ag)*, is a white, slightly soluble, crystalline precipi- 
tate. The lead salty PbN0JI(80=’Rb0il)-, is a white precipitate which soon bemmes 
crystalline. When decomposed by hydrogen sulphide, it yields imidosulphonic acid, 
which is veiy unstable. 

MercufimidosulphonatcSy HgK*(SO’R)* = (R0.S02)*N.IIg.N(S0‘.0R)®. — 
These salts, in which the mercury is very .strongly combined, may be regarded as sails 
of the acid ITgN'*(S0^1I)', ■which niaj bo obtained in the free state by decomposing 
the barium salt with an equivalent quantity of sulphuric acid.] IlgN-(SO’K)^ crystal- 
lises from hot -water in thin white very stal»le prisms; HgN‘(S0*Na)\5H‘0 is more 
soluble than the potassium salt. IIgN"(S0*K)%S0®Ag)“.3H"0 forms long unstable 
needles. IIgN'‘(80*)^Ba-.rjH-0 forms microscopic needles. HgNXSO’’)^Sr'‘.loH20 
resembles the barium salt, but is more soluble. HgN-(iS0’’)*Mg'.15n'‘0 solidifies 
from a syrupy solution in a radiate mass. HgN''^(80*)'Zn".lt>H*0 resembles the 
magnesium salt. HgN‘(80®)'Ni-.16lP0 forms omer.Mld-grcon bulky prisms. 
irgN*(80=*)-’Co-.16TI"0 is a red radio-crystalline mass. IIgX‘(8O“) ‘Mn*.10lI"O forms 
hard reddish un.stablo crusts. HgN’‘(S0*)‘Cd“.12H-0 forms hard, unstable, very 
soluble crusts. IIgN-(S0’)Cn®.15H’*0 forms rather unstable, very soluble, bluish, 
warty crystals. The basic mercury salt, lIgN"(S0")''(ng*0)", forms microscopic nearly 
soluble crystals. 

Amldosulphonio acid, NIP.SO^H. The dimetallic imidosulphonates are re- 
solved by boiling with water into acid sulphates and amidosnlphonates, the latter 
being also pjirtly converted into double ammoniuio sulphates : 

NIT(SO»R)2 + H=0 = Nn^SO^R -H 
NIPSO^R + IPO SOXNH*)R.* 

The amido- and imidosulphonic acids cannot be separated by simple crystallisation, 
but the separation is easily offeetod by precipitating the imido-acid with baryta-water, 
in the form of a basic salt. Barium amidosulphonate is accordingly easily prepared 
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by boiling tbe ammonium or barium salt of the imido-acid with water, till it exhibits 
a strong acid reaction ; then supersaturating with barium liydrato ; boiling the liquid 
continuously till all the ammonia is driven off ; filtering ; removing the excess of 
baryta by carbon dioxide ; and 'strongly concentrating the filtered solution, whereupon 
thkL barium amidosulphonate is deposited in long beautiful needles which have a silky 
lustre and are very stable (Berglund, Ber, 1876, 1896). 

ZlTDXAJr SHBAD. Sec Ltcopeudon. ^ 

ZXTDXCAXy On the Formation and Excretion of this substance in 

the animal organism, see NTcncki {Ber. vii. 1593 ; ix. 299; Soc. J. xxviii. 479); 

E. Saikowski (Ber. ix. 138; Cfiein. Soc, J. xxix, 960) ; Jaffo (Chem, Centr. 1877, 678# 
Soc. J. xxxiv. 442). 

XXrsxCATORS. On Indicators in Volumetric Analysis, see Analysis (p. 83). 

ZXTBXGO. Formation of Indigo-hlm in plants . — The formation of this substance, 
C*H*NO, from the juice of woad and other plants on exposure to the air, was formerly 
attributed to the oxidation of indigo-white, C'“H‘“N“0“, supposed to exist in the juice 
in a state of solution. Schunck, however, jointed out that tliis could not bo the case, 
as the sap of plants is always acid, and indigo-white dissolves only in alkaline liquids. 
He further showed (iii. 250) that woad (Isatis tinctoria) contains indican, C**H“*NO*', 
a glucoside which, when boiled with acids, splits up into indigo-blue and a saccharine 
substance called indiglucin: 

C“H>'NO'’ + 2k»0 = CHH^NO + SC'H’W 

Indican. IndiKo- liidiglncin. 

blue. • 


Recently (Manchester Memoirs^ [3], vi. 218 [1877]), Schunck has obtained indican 
from the leaves of Polygonum iinctoriumt a plant used by the Chinese for the extrac- 
tion of indigo, and from Blctia TankerviUia^ an orchidaceous plant, the mode of 
preparation being similar to that formerly applied in the case of woad-1 oaves ; and, 
lastly, indican ihas been detected by P. Mich6a in the juice of the indigo-plant 
(Indigofera tinctoria'). It may therefore be inferred that in all the plants known to 
yield indigo-blue, the formation of tjiis substance is due to the decomposition of 
iudican in the manner above mentioned. The colls of the fresh leaves of those plants 
do not contain any colouring matters except chlorophyll, and the conversion of 
indican into indigo-blue takes place only w'hen the vitality of the cells is destroyed 
by cold, by organic lesions, such as the bites of insects, or by the action of chemical 
reagents. When the cut end of a sprig of Polygonum (hwtorium was immersed in 
dilute hydrochloric^acid, and the sprig was left for several days exposed to the sun 
and air, the acid was gradually absorbed, and passed upwards till it reached tlie 
uppermost leaves, its course being marked by a change of colour in the leaves from 
fresh green to dirty yellow, and afterwards to dark blue. 

When an aqueous solution of indican is boiled or left to stand for some time, it 
undergoes a complete change, and if then decomposed by acids, yields, no longer 
indigo blue, but indigo-red and other products (comp. iii. 247). On one occasion an 
alcoholic extract of dried woad-leaves in which tlie indiciin had undergone partial 
decomposition by long stiinding, yielded, on evaporation, a quantity of a substance 
which exhibited all the properties of tyrosine. The formation of this body from 
indican may be represented by the equation : 


+ 4H20 « + 2C«H"»0® + 2C*H<0* + CO* 

Indican. Tyrosine. Indiglucin. 

Synthesis of indigo-hlue . — Considerable doubt appears to exist respecting 
the formation of this subsfcince from liquid nitro -acetophenone, as announced by 
Emmerling a. Engler(27ief Suppl. 666). Wichclhaus (Zfer. ix. HOG), following tlie 
directions given by these chemists, failed to obtain it. Emmerling a. Engler, on the 
other hand(i6id. 1422), maintain the correctness of their former statement, but add 
that, on repeating their experiments, they have not been able to reproduce the syrupy 
nitro-acotophenone from which the indigo-blue was obtained. 

The synthesis of indigo-blue from compounds of the coal-tar group may however 
be effected in a different way, viz., through the mc<lium of oxindide and isutiiu 
Phenyl-acetic acid, C®H*.CH*.COOH, added to fuming nitric acid warmed on a water- 

PH* POOH 

bath, is converted into ortjhonitrophenylacetic acid, which by 

reduction yields the corresponding amidophenylaeotic acid, the anhydride of which, 

yCmco 

I , in identical with oxindole. This last compound may be couTopted by 
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.CH(NO).CO 

the action of nitrous acid into nitrosoxindole, \;^jj I * reduction 

>Cn(NII*)CO 

yields amidoxindolo, j ; this, “when oxidised with ferric chlorAle, 

>CO.CO 

Sipric chloride, or nitrous acid is completely converted into isatin, j ; and 

isatin may be converted into indipfo-bliio by heating it with a mixture of phosphorus 
trichloride and pentachloridc,* whereupon hydrogen chloride is given of, and isJitic 
^O.CCl 

chloride, ^ , is formed, which, when reduced by heating it with phosphorus, 

or by treating its alcoholic solution with zinc-dust and acetic acid, yields indigo 
.CO.CH 

blue, ^ (A. Baeyor, Her, xi. 582, 1228, 1296). 


Beaction with SiilphHr-compnnitds. — E. Schaer (Ber, ix. 340) supposes that in the 
action of hyposulphurous acid, hydrogen sulphide, and hydrogen persulphide on indigo- 
blue, colourless molecular compounds arc formed from which the indigo is regenerated 
by all the reagents (sulphurous acid for example^ which destroy these sulphur-com- 
pounds. Indigo solution is decolorised by the compounds of hydrogen persulphide 
with strychnine (see Alkaloids, p. 56). 

Estimation. — A. Miiller (ylwicr. Chemist, v. 128) estimates indigo-blue by the 
decolorising action of liyposulphurous acid. The titration of the acid with cupric 
sulphate, and the performance of the estimation with complete exclusion of air, are 
effected in the manner already explained with reference to the estimation of oxygen 
in blood (27id Sapyl. 200). Muller finds that 1 mol. CuSO* rcquircs,^to decolorise it, 
exact ly the same quantity of hyposulphurous acid as 1 mol. of- pure indigo-blue. 

Oil the Compounds of Indigo-blue with Metallic Satts, see W, Skey {Chem. News, 
XXX. 33). 

Dyeing and Brinting with Indigo. — A new method of preparing an indigo-vat, 
founded on the rapid reduction of indigo-blue in alkaline solution to indigo-white by 
sodium hyposulphite, is described by Schiitzenberger a. Do Lalande {fiull. Soc. Chim. 
[2], XX. 7). Into a solution of acid sodium sulphite of 30°-35® Bm. contained in a 
closed vessel, are introduced rolled strips of zinc-foil, or granulated zinc, in quantity 
sufficient to till about a fourth part of the vessel, and yet to be distributed through 
the whole mass of liquid. After the action has gone on for about an hour, an excess 
of milk of lime is poured into the solution, w'hcrcby the dissolved zinc is precipitated. 
The filtered solution of sodium hyposulphite, Na-SO*, thus obtained is mixed with 
ground indigo, and a sufficient quantity of lime or soda to hold the resulting indigo- 
white in solution. 

The indigo-vat thus prepared is used cold for dyeing cotton, slightly warm for silk 
and W'ool. Eor printing, the above mentioned solution of indigo-white is thickened 
with gum and mixed with excess of sodium hyposulphite. With this colour, printing 
may bo performed in contact with the air with the ordinary machines, the oxidation 
of the indigo-whito being prt'^’cnted by the excess of hyposulphite present. The 
printed cloths are hung up in the air for tw^clvo to tw'enty-four hours, and when the 
colour has thereby been developed, they are finally washed with soap. This process, 
compared with the ordinary methods, is said to effect a saving of 56 to 60 per cent, 
of indigo. 


Zndlgo Extract. The so-called ‘ Acid Extract of Indigo ’ is prepared by dis- 
solving 5 pounds of Bengal indigo in 30 pounds of oil of vitriol, leaving the liquid 
at rest for five days, then adding 40 gallons of hot water, and filtering liot through 
felt. The resulting solution digested for six days with 40 pounds of common salt 
yields a precipitate which constitutes the acid extract. To obtain pure indigo-extract 
100 lbs. of tho acid extract are drenched wnth 12 gallons of water; the acid is im- 
mediately neutralised with soda ; and tho resultjng precipitate collected on a filter. 
Bradford ( Chern. News, xxxi. 29). 

To estimate tho value of such an cxti^act, P. Hubert (iWei. 162) dries it at 100® 


• Emmerling a. Engler obtained indigo-blue from isatin by beating the latter In a sealed tube 
with a mixture of phosphorus trichloride, acetyl chloride, and a little free phosphorus (2nd Svpph 
666) ; but, according to Baeyor, this method does not yield a satisfactory result, tho product conalstl&ff 
Chieilv of iTif1iGrn.T)iimiirin. 
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and incinerates it. According to Girardin, there are throe sorta of extract to he 
distinguished, single^ double ^ and triple. The moan composition of these is as follows : 


Simple Extract 



Wat(!r 

89-0 

Indigo 

4*96 

Balts 

6*7 

Double „ 

, , 


86-0 

10*20 

4*8 

Triple 

• 

• 

73-7 

12*40 

13*9 

Hubert examined *soveral 

such preparations made in 

Rheims, with \ 

the following' 

results : 

1 

2 

3 

.4 S 

6 

Water 

. 84-5 

89*7 

82*65 

91*15 88*6 

87*2 

^ Indigo 

. 10 6 

5-6 

9*55 

605 8*2 

8*4 

Salts . 

. 4-7 

4-7 

7*80 

2*85 5*2 

4*4 


A siiro criterion of tlio value can however be obtained only by tinctorial experi- 
ments. For this purpose wool is dyed with a solution of 1 gram of indigo- carmine 
in a litre, and then more or less decolorised by a solution of permanganate containing 
O o gram of that salt in the litre. 

Zndigo-red. According to observations by Nencki {Ber. vii. 1593), the urine of 
men and dogs, whose food was mixed with isatin, contained a colouring matter appa- 
rently identical with the indigo-red or urrhodin described by Heller. 

Zndlgosulplioiiic Acid, CHl’NO.SO*, or C"H*NO.SO®II. A peculiar modifica- 
tion of commercial indigosulphoni<!r acid (commonly called indigosulphuric acid) has 
been observed by S. Lupton {Chem. B'ews^xxx. 215). The acid had assumed a chrome- 
green colour, and had deposited a purple sediment which dissolved ii. water with 
blue colour, and was not altered by sulphurous acid. Tlic chrome-green solution, by 
which the violet end of the spectrum was considerably shortened, gave a dirty wiiito 
precipitate with barium ciiloride, and wsis decolorised by bromine-water, and by 
potiissium dichromate immediately, by dilute nitric acid only on boiling. Sulphurous 
acid instantly changed the colour of the solution to indigo-blue. The green liquid 
/eft, on evaporation, a green amorphot’s residue easily soluble in water and in alcohol 
(llerzelius’ ViridvisiUphuric acid?) A similar green coloration, accompanied by the 
separation of a purple precipitate, was observed on adding a few drops of a solution 
of potassium dichromate to a dilute solution of indigosulphonic acid mixed with 
hydrogen dioxide. 

ZlVBZirnz. This mineral has been found by J. A. Tanner (Cbcm. Ncw.% xxx. 
141) in mixtures of ore consisting mainly of caltimine mixed w’ith a considerable 
quantity of siliceous calamine (Kiesclzink). A specimen from Wythe County, Virginia 
show'ed a very faint indium line ; another from Lead vale, Tennessee, gave a distinct 
reaction. Calamine very rich in indium is found in the Onola mines in the Province 
of Bergamo (.4. and G. dc Negri, Gazz. chim. ital. viii. 120). 

Spectrum . — Claydon a. Heycock {Phil. Mag. [5], i. 176), by pas.sing the induction- 
spark between poles of indium, have obtained a spectrum of sixteen lines, including 
only the two more refrangible of the three known lines which are developed by the 
volatilisation of the chloride; the other fourteen lines correspond with longer dura- 
tions of vibration. 

Indium Platinochloride, In"Cl«.5PtCP -I- 3611*0, '’forms honey-yellow oblique four- 
sided prisms, with oblique end-faces. They quickly deliquesce on exposure to the air, 
and give off half their water at 100^. 

.Cli*.CH 

ZXrDOliB, C*H*N = ^ . Formatimi and Preparation. — 1. From 

Indigo. Englcr a. .Tanccko (Ber. ix. 1411) confirm the st'itomcnt of Baoycr 
{Lif'Mf/s AnnatcUt [1869], Suppl. vii. 56) that, in preparing indole from indigo, it is 
more advantageous to convert the indigo into isatin, dioxindole, and oxindole, and 
reduce the oxindole with zinc dust, than to treat the indigo with tin and hydrochloric 
acid, and subject the yellow pro<luct to the action of zinc dust (comp. 1;?^ Suppl. 733). 

2. From Aniline-derivatives. Indole is formed when ethyl-aniline, diethyl- 
aniline, mcthyl-ethyl-aniline, othyl-acctanilido, dimetliyl-o-toluidine, or diethyl-o- 
toluidine is passed through a red-hot tube; the first yielding only traces of indole ; 
the second, third, and fourth, rathef more ; the fifth, a moderately abundant product, 
and the last a considerable quantity. From the brown oily liquid which collects in 
the receiver, the indole ma/be separated by means of picric acid, with which it forms 
a cryibilline compound decoraposible^ by ammonia. Diethyl-o-toluidine thus treated 
yields from 3 to 5 per cent, of pure indole. Diethyl-jj-toluidine yields none (Baeyer 
a. Caro, Ber. x. 692, 1262). 



. INDOLE. 1089 

3. From Albumin. Commercial albumin ie mixed with water, and the finely 
divided pancreas of an ox (carefully freed from blood and fat) liaviug been added, 
the whole is kept at a temperature of 40° to 45° for sixty to seventy hours. The 
liquid is then left to cool, and strained through linen. It is next acidified with acetic 
acid and distilled on a sand-bath till only one quarter remains. The distillate is 
mixed with lime-water to alkaline reaction, and shaken up with an equal volume of 
^her. The clear ethereal solution leaves on distillation a reddish oil with the 
cnaractoristie smell of indole, 'fhis oil, when mixed with a little water, solidifies to 
a crystalline mass, which, on recrystallisation from pure water, yields pure indole melt- 
ing at 52° (Nencki, Ber. viii. 336). Kuhne (ibid. 206) likewise obtained indole by 
digesting albuminoids with pincreatic infusion ; by distillation of decompose’- 
pancreatic juice ; and by heating dry albumin to redness with eight times its weight 
of potassium hydroxide. According to Hnglcr a. Janecke (ibid. ix. 1411), blood- 
albumin and egg-albumin treated by this last method yield 0 25 per cent, casein, and 
gluten only 0*1 per cent. ; gelatin, and creatine only traces of indole. Hence it appears 
that the greater the proportion of loosely combined nitrogen in the proteid, the 
smaller is tht; quantity of indole prcKlucible from it; on the other hand it was found 
that the residues of blood-albumin, after treatment with baryU or hydrochloric acid, 
yieldeii scarcely any indole on distillation with potash. 

Propcrtic.'i and Reactions . — Indole (from indigo) boils with partial decomposition 
at 245°-246'^, but volatilises completely without decomposition at 218°. Its vapour- 
density (determined in naphtlialene-vapour, b. p. 218°) is 4 45, showing that the 
molecular formula is C’H’N (Nencki, Ber. viii. 1517). The indole obtained from 
other sources ‘has the same va]X)ur-density, the volumes occupied by equal weights 
being found by experiment to be, for indole from indigo (I), from blood-albumin 
(II and III), and from egg-albumin (IV), — the last three by fusion with potash — in 
the fullow'ing ratios : 

I n lit IV 

1 ; 0995 : 0*923 .* 0*908. 

Nevertheless, the product obtained from albumin by fusion with potasli is not 
identical, but isomeric, with tliat which is forme .1 by reduction of indigo, or by pan- 
creatic digestion of albumiiioid.s, .as it differs therefrom in melting point and in its 
behaviour witli oxidising agents ; for distinction therefore the pr«xiuct obtained by 
the action of melting potash on albumin is called pseudo-indole. The differences 
between the two modifications are .as follows : 

Indole melts at 52’; psiMido-indole at 85°-86° (Engler a. Janecke); 88°-89° 
(Kiilino ; prol)ably impure). Indole from indigo suspended in water and subjected 
to the acti<ai of a stream of ozonised oxygen, is converted into indigo-blue, t<igether 
with resinous products (.Ntmcki, Ber. viii. 1517). Indole is also oxidi.sed to indigo- 
blue in the animal organism, indigo-blue appearing in the urine after subcutaneous 
injection of indole (Nencki, iidd. vii. 1593). Pseudo-indole treated with ozonised 
oxygen as above is converted into a yellowish-brown substance having an odour 
different from that of indole, and not yielding any blue insoluble colounng matter 
when treated with other. Indole treated with chromic acid immediately yields a 
bulky violet-brown precipitate, which is insoluble in ether, chloroform, and benzene, 
dissolves sparingly and w’ith rod colour in alcohol and .aniline, easily and wdth violet 
colour in concentrated hytlrochloric acid. Pseudo- indole, treated with chromic .icid, 
gives, only in concentrated solution Jind after some time, a reddish-j'cllow preeipitate, 
which is nearly insoluble in ether, chlomform, and benzene, but dissolves with yellow 
colour in aniline and in hydrochloric acid. Pseudo-indole gives with nitrous acid a 
precipitate, which, when treated with alkalis, does not emit the odour of indole. 

Another isomerido of indole is formed, together with a non-azotisod body, by the 
action of ammonia on chlonacctyl-benzene, C*H*.CO.CH‘*Cl. When this compound is 
boiled with aqueous ammonia for about an hour, or heated with it to 140°-160° in a 
sealed tube, it is converted into a deep red liquid which solidifies on cooling, whilst 
tlio whole of the chlorine remains in the aqueous solution in the form of sal-ammoniac. 
From this red product, ether separates two compounds, one of w’hich remains undis- 
solved when the red substance is digested with other for a short time, while the other 
dissolves in the ether and separates slowly thorofroip. 

The former of these, which is formed in small quantity only (8 per cent, of the 
chlopacetyl-benzeno), is the i s o - i n d o I o. It is insoluble i n water, very slightly soluble 
at ordinary temperatures in alcohol, ether, benzene, carbon disulphide, and glacial 
acetic acid, and crystallises from the hot acetic acid solution, also from boiling alcohol, 
in serrated colourless lamin® having a silky lustre, and consisting of aggregates of 
broad pointed needles. It melts at 194°-196°, and .sublimes in nacreou-s laminae. It 
dissolves in strong hydrochloric acid, and separates therefrom in the crystalline state, 
VOL. VIII. ^ ^ 
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partially ou cooling, immediately on dilution (Staedel a. Riigheimer, Ber, ix. 563, 

1768 ). 

Nitroso^di-indole, C'®H'*(NO)N*. — This compound, eommoniy called nitrosth 
is not known in the free state, but its nitrate, C'®H'*(NO)N* NO>H, is obtained 
by 'adding to an aqueous solution of indole (prepared by pancreatic digestion of 
albumin) a few cubic centimeters of hydrochloric acid, and a largo quantity of nitric 
acid, freed by evaporation from too great an excess of nitrous acid, and distilling t^ 
mixture. This nitrate dissolves readily, and with dark colour, in alcohol, less easily 
in ether, and is nearly insoluble in water acidulated with nitric acid. It decomposes 
when dried in a vacuum, and detonates sharply when heated. Free nitroso-di-iiidole 
not been obtained. The hydrochloride forms red, amorphous, very unstable flocks 
(Nencki, Ber. viii. 1670). 

C«H«N— NH 

Hydraz(hdi-indole^ (C®lI”N)‘N‘*n=* =■- | , is readily formed by the 

C«H»N— NH 

action of reducing agents, e.g. alcoholic ammonium sulphide, on the nitroso-compound. 
It dissolves in alcohol and in ether, crystallises in shining yellow needles, and melts 
at 140® to a deep blue mass which, at a higher temperature, gives off ammonia and 
chars. Hydrazo-di-indole dissolves with yellow colour in strong sulphuric acid, the 
solution turning red when heated. Acids and alkalis convert it into a dark-brown 
colouring matter, regarded by Nencki as a zo indole. 

ZITDOXZlsrfi, C**H**N® (Schiitzonberger, Compt. rend. Ixxxv. 147). This poly- 
meride of indole is obtained bv heating indigo-blue with 2 pts. barium hydrate, 
H zinc-dust, and ] 0 water to 180®. On exhausting the product with alcohol and 
evaporating, a dark-coloured resinous substance remains, brittle at ordinary tempera- 
tures, but softening even below 100^ ; and on heating this resin with zinc-dust, iudoliiio 
sublimes in long p^ile yellow shining needles. It melts at about 246'^, is insoluble in 
water, but soluble in alcohol and ether, to which it imparts a bluish fluorescence. It 
i[X)ssesses basifl properties, and yields with acids crystullisablo salts mostly insoluble 
in water. 

The 0**H“N^C*H*(N0'^)*0, is slightly soluble in alcohol. Indolino dis- 

.solves iu hot hydrochloric acid, and the solution forms with platinic chloride a brown 
granulo-crystalline precipitate. The solution of indoline in strong suiphvrio add 
exhibits a blue fluorescence, and, on exposure to the air, deposits indoline .sulphate in 
brown cry.stals. Indoline is partly decomposed by sublimation, yielding erystuls, some 
of which resemble anthracene, while others are like anthraquinone. 

If the heating of indigo with baryta-.solution be interrupted before the reaction is 
complete, the solution will be found to contain, together with indoline, a substance 
which, on exposure to the air, is dopositeil in rod flocks having the composition 
This body dissolves in alcohol, and separates therefrom in red crystalline 
granules ; also in dilute hydrochloric acid, with red colour, and is precipitated by 
ammonia. 


nrX. According to R. Bottger {N, Jiep. Pharm. xxiii. 47), an excellent black 
ink is obtained by triturating 1 pt. pyrogallol, 3 pts. finely pouii'led gum-arabic, and 
3 pts. neutral ammonium vanadate, with a suiUiblc quantity of cold rain-water. 

Bottger {Dingl. pol. J. cclx. 176) describe.s an indelible ink prepared by triturating 
1 dram of aniline black with a mixture of 60 drops- of strong hydrochloric acid and 
^ oz. alcohol, and diluting the resulting deep blue .solution with a hot solution of 
1 J drams of gum-arabic in 3 ozs. of water. This ink does not attack stetd pens, and 
is not destroyed either by acids or by alkalis. If the solution of aniline black bo 
diluted with a solution of § oz. shellac in 3 ozs. spii-its of wine, an excellent varnish 
Is obtained for wood and metals. 

Coloured Inks . — A good red ink is said to be obtained by triturating carmine 
with water-glass solution, and adding sufficient of that solution to make the ink run 
well from the pen. The ink mast be protected from the air, best in a bottle closed 
with a cork soaked in oil. The writing dries very quirkly (JHngl. pol. J. ceix. 316). 

The following coloured inks are described by C. H. Viodt (ibid, ccxiv. 167). Red 
ink may bo prepared by dissolving 1 pt. anhydrous fuchsine in 150-160 pts. boiling 
water» and, if the ink runs too easily, adding a solution of 3 pts. gum-arabic in 6 pts. 
waten Blue ink is a solution of 1 pt. anhydrous aniline blue {bleu de nuit) in 200- 
260 pts. water. Violet‘ink is prepared by dissolving 1 pt. blue- violet aniline in 
about 300 pts. water. This ink is very sensitive towurds ordinary copying ink made 
from logw<Md extract ; if a pen which has been used for copying ink be dipped into 
the violet aniline ink just mentioned, the writing immediately becomes pule and 
grannlar. Gp e en i n k is prepared by dissolving 1 pt. iodine-green in 1 00-1 1 0 pts. water. 
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Yellow ink is best prepared by dissolving 1 pt. picric acid in 120-140 pts. water. 
As copying inks, these inks cannot be recommended. The characters made with them 
ore indeed soluble in water, and may therefore be transferred to damp paper ; but the 
writing is, for the most part, not strong enough to yield a legible copy. If the strok ;s 
are made very thick, they exhibit on drying the well-known metallic lustre of the 
aniline dyes. 

• UVOSXTfiv H. Vohl, by treating this substance with strong nitric 

acid (sp. gr. 1*62), obtained hexnitroinodie^ C®H*(NO'0®O® (iii. 276). Further experi- 
ments have shown that trinitroinosite is formed at the ssiino time. Finely pulverised 
anhydrous inosite is added, with continual stirring, either to well-cooled strong nitric 
acid, or to a cooled mixture of 1 mol. nitric and 2 mol. strong sulpliuric acid. In the 
latter case, the ino':ito is quickly converted into a Scindy crystalline mass ; in the 
former case, the same substance is precipitated on addition of sulphuric acid. IJy 
washing this product with water and dissolving it in boiling alcohol, a solution is 
obtained which, on cooling, deposits hoxnitro-inositc in tablets and prisms; and 
the mother-liquor yields by spontaneous evaporation, first white concentrically grouped 
needles of trinitroinosite, afterwards a gummy mass, from which 

inosite is reproduced by tho action of ammoniiun sulphide (^Derl. Ber. vii. 106). 

Fer^Jicntaium of Inosite, — According to ITilger {ind Suppl, 669), the lactic acid 
formed in tho fermentation of inosite is etliyleno-laetic (paralactic) acid ; Vohl, on 
tho other hand, finds that it is identical with ordinary lactic acid (/fer. ix. 984). 

XXrSECT-POWDER. K. Bother {Pharm. J. Trans, [3], vi. 781) finds, in the 
insect-powder oijtained from Pyrethrum cmtcasicimy roseum^ &e. (1) a resinous, 
greenish-yellow acid, which he calls Persicein ; (2) a light brown acid, Persiretin ; 
and (3), an easily soluble acid, Persiem, This last, which appears to be the active 
principle of the powder, is a glucoside, easily split up by boiling with dilute acids into 
persiretin and sugar. 

nrSOEZirXC ACXB. See T*<ntEPUTUAi:ic acid. « 

ZirVERTIir. Tho sugar-inverting constituent of yeast. See Ferments (p. 784). 

ZUrVEST-SITGAR. See Sugar. 

ZOBZIirE. Occurre7ice. -According to H. Zongor (Arch. Pharm. [3], vi. 137), 
iodine is found, together with bromine, in fresh- water plants. According to .4. Guyard 
(Bull. Bov, Chim. [2 |, xxii. GO), the iodine soinelimos present in saltpetre is in the form, 
not of potassium iodate, but of sodium iodate or iodide, sometimes of sodium 
periodate. 

According to Stanford (Dinyl, pol. J, ccxxvi, 85 ; Chern, e/owr. xxxiv. 169), 
kelp contains about 016 per cent, of iodine. Seaweeds possess tho power of taking 
the iodine from the sea- water, but in different degrees, as shown in tho following 
table ; they take up ton times more iodine than bromine. 100 parts of dried alga? 
contain : 



Sai’i)Uat 

Laminaria digitata . 

01 36 

„ sacchariua 

0-230 

Fucus serratuB .... 

0124 

„ nodosus .... 

— 

„ vesiculosus 

0-001 

Zostora marina .... 

0-0005 

lihodomela pinmistroides . 

— 

llydorix siliquosa 

— 

Hyman thalia lorea . 

— 

Chordaria fiagolliformis . 

— 

Chidophlura glomerata 

— 



According to Sonstadt, the iodine in sea-water is "in tlie form of calcium iodate, 
1 part of which is contained in 260,000 parts of tho liqmd^27id Suppl, 671) ; and 

since the equivalent weight of calcium iodate is ? “ 711, it follows that, 

1 pt. of iodine is contained in 250,000 x »= 336,610 parts of sea-water. 

127 

Preparation, — The manufacture of iodine (and bromine) from the mother-liquor of 

4 B 2 
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kelp, att now practised in Glasgow,^ is described by Mr. Stanford (U>c, eiL) as follows : 
The liquor, having a density of 85 to 95 Twaddle, is mixed with one-seventh of its 
weight of oil of vitriol (145 Tw.), and left for 24 hours, whereby the sulphur-compounds 
contiiined in it are decomposed, and sulphur is precipitated. The liquor is then dis- 
tilled with manganese dioxide in an iron still having a leaden cover and two arms 
connected with two series of stoneware cells, in which the iodine condenses in hard 
masses. After all the iodine has passed over, more manganese dioxide is added, ^he 
leaden arms are connected with another condensing apparatus, either of lead or 
earthenware, and the bromine is collected therein. 

Beaciiorts. — With Chlorine. (1. Sodini (^Gazz. chim, ital. 1876, 321), from 
-experiments on the manner in which the action of chlorine on iodine in presence of 
water is affected by the quantity of the latter, finds that, to ensure tlie complete con- 
version of the iodine into iodic acid, according to the equation, 

I- + 5CI- + m^O = 2I0»H + lOHCl, 

there must be at least 20 pts. of w'ater present to 1 pt. of iodine. With a smaller 
quantity of water, the quantity of iodic acid formed decreases, and a corresponding 
amount of iodine chloride is pro<luced ; and when only the theoretical quantity of 
water indicated by the preceding equation is employed, scarcely a trace of iodic acid 
is produced. 

With Ozone. According to J. Ogier (^Compt. rmd.luxxv. 957), this reaction 
yields, besides iodic acid, an interiaodiate prodnet having the composition 1*0* (p. 1095). 

AVith Palladium Chloride and Potassium Perrocyanide. When iodine 
in alcoholic solution or in fragments is added to an aqueous solution (>f*.potassium ferro- 
cyanide, it is not precipitated on addition of palladium chloride, but the yellow colour 
of the liquid changes to a green, w’hicli becomes particularly bright on heating, and is 
duo to the formation of palladium ferrocyanide. A solution of potassium forrocyaiiide 
likewise dissolves iodine, which then also is no longer precipitated by palladium 
chloride. In these solutions iodine cannot be detected by means of starch ; neitlier 
can it bo serrated /rom bromine and chlorine 1^ means of palladium chloride in 
presence of potassium ferrocyanide (S. Kern, 67/m. Nctva, xxxiii. 184). 

Alteration of Iodine tincture.— Th\B tincture (alcoholic solution), when kept for 
some time, is found to contain hydriodic acid, the quantity of which may be determined 
by diluting the tincture largely with water, so as to precipitate the greater part of the 
iodine, then treating the filtrate with barium carbonate, and estimating the dissolved 
barium icniido. A tincture ten years old was found to contain 1T2 per cent, hydriodic 
acid (P. Carles, Fharm. J. Trans. [3], vi. 88). 

Detection and Estimation — On the estimation of Iodine by means of soluble Thio- 
cyanates, .see Halogens, p. 923. On the estimation of Iodine in Organic Compounds, 
see p. 921 ; also Hrugclmaim (Zeitschr. anal. Chm. 1877, pp. 1-21 ; Chem Soc. Jour, 
xxxi. 739). 

For the estimation of iodine in cuprous iodide, Ulex (^Arch, Pharm. [3], v. 
524) expels the iodine by means of ferric chloride, and receives it in a solution ot 
potassium iodide, the operation being conducted in an apparatus which allows of the 
aspiration of a stream of air through the liquid during the ebullition, wherel)y the 
process is greatly accelerated. Or the cuprous iodide is decomposed with zinc-powder, 
and the solnblo zinc italido thereby produced is titrated by Mohr’s method with silver 
solution and neutral potassium chromate. 

For the exact estimation of irHline in urine, A. Ililger {Zeitschr. anal. Chem. 
1873,342; 1874, 476) acidulates 40 c. c. of the urine with hydrochloric acid, and 
determines the 'iodint; by means of a standard solution of palladium clilorido, 10 c.c. 
of which are equivalent to 0 001 19 iodine, the strength having been determined by 
means of potassium iodide. The titration is best performed by nif-asuring out 10- 20 c.c. 
of the palladium s^dution, heating it on the water-bath in a flask with ground stopper, 
and adding the urine-solution, previously brought to a determinate volume, till the 
whole of the palladium is precipitated, the completion of the process being ascertained 
by the testing of small filtered samples. The presence of phosphates and sulphates 
does not interfere with the determination. 

Iodides. 1. Hydrogen loditU or Hydriodic add.— On the Direct Formation and 
Dissociation of this compound, tiee Chemical Action (p. 428). On its Heat of For- 
mation, see pp. 952, 063. 

Preparation. — For tke preparation of gaseous hydrogen iodide, A. Bannow 
{Berl. Ber. vii. 1498) introduces red phosphorus into a tubulated retort, and adds to it, 
by means of a dropping funnel, a solution of 2 pts. iodine in 1 pt. hydriodic acid of 
sp. gr. 1*7. The evolution of gas begins without external heating, but after the whole 
♦ Tbp procpps fV-scriVx'rt in vol. ill. p. 200. nf* pmrtifwil in abandouedfor many year?, 
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of the liquid has been added, the action must be assisted by a gentle heat. The 
quantity of the solution must bo so regulated that the phosphorus and iodine may 
be present in the ratio of P- to If heat be applied too soon, a considerable subli- 
mation of phosphonium iodide will take place. 

KoP'e (»/. pr. Chem. [2], xv. 172) finds that the method of preparing aqueous 
hydriodic acid, recommended by Vigior and copied into many text-books, which con- 
sists in pouring 15 pts. of water on 1 pt. of amorphous phosphorus, adding 20 pts. of 
ioaine, and driving over the resulting h 3 'driodic acid by heating [the reaction be'ng 
represented by the equation P" + 5I* + 6H'*0==P‘'0*+ lOHI (1st Suppl. 738)], always 
yields a dilute and strongly iodised acid, and that a better product is obtained by the 
older method of first preparing phosphorus iodide with 1 pt. amorphous phosphorus 
and 10 pts. iodine, and decomposing this compound witli water. 

The following process is recommended by W. Stevenson (Chem. News, xxvi. 201) 
for preparing hydriodic acid, iodic acid, and the greater number of iodides and iodates. 
3 pts. iodine are dissolved in a solution of 2 pts. barium hydrate in 4 pts. boiling water, 
and the liquid, after it has become neutral and colourless, is filtered. The insoluble 
barium iodate thus obtiiined serves for the preparation of iodic acid and metallic 
iodates, and the soluble barium iodide for that of hydriodic acid and iodides. 

On the reaction of Hydriodic add with Ethers, see p. 741. 

Carbon Iodide or Tetriodometham, Cl' (see p. 404). 

On the Periodides and Sidphatoperiodides of the Cimhona-hases, see pp. 479, 486, 
489-491, and 493. • 

Iodine Bromide, BrI. This, according to Bornemann, is a crystalline body 
having the cofour of iodine; melting at 36® ; distilling with partial decomposition; 
subliming in fern-liko group.s of cry.stals; and dissolving in water with much less 
separation of iodine than that which takes place with iodine chloride. The hydrate, 
Brl.5ll*0, described by J^dwig (iii. 293) <loes not exi.st. 

Iodine Cblorlde (Bornemann, Liebig's Annalcn, elxxxix. 184). To prepare 
the monochloride, ICl, chlorine was passed over iodine contained m a retort, till 
crysUls of the trichloride made their appearance, and the red-browm liquiil was dis- 
tilled into glass tubes which were immediately 'fi.detl. The contents of those which 
contained small quantities of the trichloride solidified after a while, yielding very 
fine crystals of the mono- and tri-chloride, whereas those of the tubes in which there 
were no crystals of the trichloride did not solidify, even in a freezing mixture. W'hen, 
however, they were opened, their contents solidified after a while, with the exception 
of those which contained free ioiline as w’ell as ICl, a result w’hich agrees with an 
observation made by Breiiken (Ikrl, Ihr. viii. 489) that the cry.stallisation of ICl is 
facilitfitod by ICl*, but retarded by free iodine. lotline monocliloride is decomposed 
by water, as observed by Trapp and by Schiitzenberger (iii. 293) with formation of 
iodic and hydrochloric acids and separation of iodine. The quantity of chlorine 
required to dissolve iodine suspended in water increases with the proportion of w'ater 
present, and for the complete conversion of the iodine into iodic acid, at least 20 pt.^j. 
of water must be present to 1 pt. of iodine. In more concentrated solutions the 
passage of chlorine is attended with the separation of iodine trichloride us well as of 
iodic acid. 

Hydrogen-iodine Chloride, ICl.IICl, is a yellow, volatile compound, formed, accord- 
ing to Schiitzenberger (Cow/ji". rend, Ixxxiv. 389), together with iodic and hydrochloric 
acids, by the action of water on tlie chloride of iodine, and may be extracted from the 
aqueous solution by ether. The formation of this body is the cause of the stability 
of iodine monochloridc in water containing hydrochloric acid, observed by Gay-Lussac 
(iii. 293). 

Schiitzenberger has also examined the action of water on various systems of iodine 
chlorides comprised between the limits ICl* and 101. Each of these systems may be 
regarded as a mixture of the two components ICl* and ICl, the former of which is 
resolved by water into iodic and hydrochloric acids : ICl* + 3H*0 = IO*H + 5HC1. If 
now the quantity of hydrochloric acid thus formed is equal to or greater than that 
which is required to convert the ICl into the compound ICl.HCl, which is stable in 
water, the monochloride ICl will not be decomposed. In the contrary case, however, 
it will suffer decomposition just as if it were alone, that is to say, it will be resolved 
by the water into iodic acid, hydrochloric acid anil a corresponding quantity of free 
iodine, till the hydrochloric acid thereby produced is sufficient to convert the rest of 
the monochloridc into the stable compound ICIHCI : 

20IC1 + 6H*0 - PO* -t- lOHCl + lOlCl -I- 4P. 

Ic^ine trichloride may accordingly be regarded as .a compounil of ICl* and ICl, and 
will give up half its iodine in the form of iodic acid. The system, 4ICI* = ICl* + 3IC1, 
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will in like manner give up ono-foiu*th of its iodine as iodic acid. The syshm 
IC1*.5IC1 is the most highly iodised system that can be decomposed without separation 
of iodine. 

Trichloride, ICl*. — Christomanos {Berl. Her. x. 434) prepares this compound by 
thd action of chlorine on hydrogen 'iodide : 

HI + 2CP = HCl + ICl*. 

Pure hydrogen iodide, obtained by gradually adding iodine to a mixture of amdS*- 
phous phosphorus with a few drops of water gently heated in a retort, is passed 
through a calcium chloride drying-tube into a tall cylinder or flask filled with dry 
chlorine. At the first contact of the two gases, a dense white cloud of hydrogen 
*^hloride is formed, in which float innumerable golden-yellow spangles of iodine 
trichloride. When the hydrogen iodide is in excess, the fumes have a reddish-violet 
colour, and the spangles of trichloride then assume a still more brilliant appearance. 
Generally, if the two gases are tolerably pure, the hydrogen iodide takes fire in the 
chlorine. Violet fumes of iodine are then sot free, which immetlialely combine with 
chlorine to form brilliant golden-yellow crystals of trichloride, whilst the hydrogen 
burns witR bright red-fiame in the iodine vapour. The sides of the cylinder speedily 
become coverecl with yellow crystalline scales of the trichloride. If after this the 
current of hydrogen iodide bo continued, the crystals assume a darker colour, becoming 
orange and brown, and finally deliquc.scing, owing to tlio following reaction : — 

HI +ftICl* = HCr+ 2IC1. 

The process forms a very striking lecture experiment. 

Iodine trichloride is a lemon- to orange-yellow solid, very easily* decoinposible. 
It can be preserved only in an atmosplicrc of chlorine. In the air it volatilises 
perceptibly, oven at -12'’. It is less volatile in carbon dioxide, especially when 
coolcii to -12'’, but it still loses weight distincrtly, ami at the same time au odour of 
carbonyl chloride, COCl', is perceptible. When heated to 100’ in an open glass tube 
it is instantly decomposed into free chlorine and iodine monochlorido, which latter 
boils rapidly at that temperature. Ip an atmosphere of chlorine the trichloi’ido melts 
at 33°. It dissolves in water. I^trong sulphuric acid throws down from the con- 
centrated aqueous solution a yel low powder ; but the same acid dissolves the tri- 
chloride with yellow colour. The trichloride dissolves in potash, forming iodide, 
chloride, iodate, and clilorate. In an atmosphere containing ammrmia it emits dense 
white fumes. An excess of ammonia immediately converts it into nitrogen iodide, 
sal-ammoniac, and ammonium iodide. The trichloride cUssolves in lienzeno with chirk 
cherry-red colour. It is immediately decomposed by carbon bisulphide, sulphur 
chloride being formed. It fjxidises solutions of .sulphur dioxide and ferrous sulphate 
when boiled therewith. Potas.sium and pliosphorus take fire in contact with it. The 
trichloride volatilises in a curre-nt of hydrogen in the cold witliout acting upon it ; 
but on gentle heating, hydrogen chloride and liquid iodine monochloride arc formed. 

With regard to the molting point, Ijothar-Meycr [Jkr. x. G48) observcis that the 
fusion of ioclinc tricrhloride is merely a cionseqiience of its di.ssociaiion, which depends 
upon pressure, presence of chlorine, &c., so that the melting point 33° observed by 
Christomanos must have been determined by accidental conditions. The beginning 
of the decomposition m.'iy take place, according to circum.stances, at 25’ or above 80°. 

The specific gravity of iodine trichloride cannot be determined by any of the 
customary methods, on account of the facility with which this compound volatilises 
and decomposes; in fact it maiiita* ns a constant weight only at comparatively low 
temperatures in an atmosphere of chlorine or carbon dioxide. The following method 
of determining th® specific gravity, which may bo applicable also in the case of other 
easily decomposible bodies, is described by Christomanos (ficr/. Her. x. 782; Ckem. 
Soc. J. xxxii. 697). A thin-walled glass vessel furnished with two glass taps, and 
holding about a litre, is filled with chlorine and weighed, the chlorine then expelled 
by carbon dioxide, and the vessel again weighed. The iodine trichloride is next 
introduced into the vessel, chlorine passed through, and another weighing made. The 
resulting increase of weight is equal to the weight of the iodine trichloride less that 
of t he chlorine which it displaces. The chlorine is then displaced by carbon dioxide, 
and the vessel is again weighed, whereby the weight of the trichloride is obtained 
less that of an equal volume of carbon dioxide which it displaces; and as tho weights 
of the equal volumes of chlorine and carbon dioxide thus displaced stand to one 
another in a known proportion, tho weight of a volume of chlorine equal to that of 
the iodine trichloride, and tho weight of tho trichloride itsidf, can bo determined by 
calculation. Hence also the weight of the trichloride compared with that of au equal 
bulk of water, that is to .say, its specific gravity, can be found. The number found by 
Christomanos was 3T107 ; but as the experiment. s wore made with a very imperifec^ 
apparatus, this number is regarded as only approximate. 
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Ozldeft and Ozygren-aolds of Iodine. Iodine Trioxide or lodous 
OxidCf 1*0*, is formed, together with the pentoxido. which is the ultimate product, 
by the action of ozone on iodine. It is a light-yellow, extremely light powder, which 
deliquesces to a syrup in moist air, and is resolved, on addition of more water, into 
free iodine and iodic acid. Heated to 125®-130°, it decomposes violent ly, with evolu- 
tion of iodine and free oxygen, leaving a small white residue of iodic oxide, which is 
decomposed at a higher temperature into iodine and oxygen (J. Ogier, Compt. rend. 
l^xv. 957). 

Iodic acidy IO*H. Iteactionsf, Detection, and Estimation, — lodates in solution are 
reduced to iodides by the action of the copper-zinc couple (Thorpe, Chem. Soc. J. 
1873, 541). 

According to Jacquemin (Conqot. rend. Ixxvii. 211), small quantities of iodic acid 
or its salts may bo readily detected by means of pyrogallol, which instantly turns 
them brown and produces a precipitate of purpuro-gallin (Ut Suppl, 977). As pyro* 
gallol does not act in a similar manner on the acids of chlorine and bromine, or on 
nitric acid, this test may bo used for the detection of iodic acid in nitric acid, and of 
iodates in potassium iodide solution, urine, and other liquids. 

Action of Dhoi^phorm. — Sonstadt {Chem. News, xxviii. 288) t:mploys for the detec- 
tion of small quantities of iodates — in sea-water for example — carbon disulphide 
containing in solution a small quantity of phoiiphortis. An excess of phosphorus 
must be avoided, as it -would destroy the coloration by converting the reduced iodine 
into hydriodic acid. According to Come {J. Dharm, 1 4], xxii. 425), the separation of 
iodine from iodates in solution may also be efFectod by addition of a few' drops of 
water in -which phosphorus has been kept, the effect being due to the presence of 
phosphorous nreid in the liquid, inasmuch as it is not produced by a piece of clean 
phosphorus. Polacci, on the other hand chini. ital. 1873, 474) ascribes the 

reduction to the direct action of the phosphorus ; lie finds, moreover, that it is produced 
by amorphous phosphorus. If the liquid i.s alkaline, it must first be neutralised. 
Corno (*/. Vharm. Chim. [4], xxiv. 216), from further experiments maintains the 
correctness of his former view. 

Iodic and Periodic acid may be separated by the different behaviouv of their 
barium-salts to ammonium carbonate, the iodate being easily converted by digestion 
with ammonium carbonate, even at ordinary temperatures, into barium carbonate 
and* ammonium iodate, whereas the periodate -when similarly treated remains un- 
altered (Kammercr, Zeitschr. anal, Chem, 1873, 377). 

Constitution and Basicity of Periodic Acid, — Thomsen, from his experiments on 
the heat of noutrali.sation of periodic acid, inferred that, of the five hydrogen-atoms 
in tlie ordinarily assumed mob'culo of this acid, IPIO*, two only are normally basic ; 
in other words that the acid must be regarded as pontahydric (or pentatomic) ami 
bi basic (2//^/ 681). Tho same view is taken by Hasaro-w (/leW. Her. vi. 92), 
wlu) represents periodic acivl by the formula (HOy'IO, in which the iodine is septiva- 
lenl, tw’o of the five hydroxyl-groups being acid, the other three alcoholic. 

Sodium Periodate. — A crystalline porio^late of sodium is precipitated when an 
iodide or iodate is heated with a hypochlorite and excess of alkaline hydrate, in 
presence of sodium salts. As this precipitation takes place only -when sodium salts 
are present, it may be used as a test for sodium (T. Fairley, Rep. Br. Assoc. 1875, 
[2], 42). 

XOSOFORM, CHP. This compound is produced, together with acetic acid, by the 
action of iodine and ammonia on monobromacetonc (Sokolowsky, Berl. Ber. ix. 1687). 

To prepare iodoform, II. Rothor {Pharm. J. Trans. [3], iv. o93) heats 32 pts. 
iodine, 32 potassium carbonate, 16 alcohol of 95 per cent, and 80 water, till the 
mixture becomes colourless ; then decants tho clear liquid ; collects the sepamted 
crystals of iodoform ; and mixes tho filtered liquid w'ith 16 to 24 pts. hydrochloric 
acid and 2 to 3 pts. potassium dichromate. Tlic liquid is then neutralised with 
potassium carbonate, and 32 pts. more of that salt are added, together w’ith 6 pts. 
iodine and 16 alcohol. The reaction having been completed at tin* heat of the water- 
bath, tho product is treated as above, whereby a fresh quantity of iodoform is 
obtained. Tho object of the troatment with potassium chromate and hydrochloric 
acid is to set free the iodine prc.*!ent as potassium iodide by the action of tlie chloiino 
thereby evolved, and thus render it available for th« reaction. 

On the Crystalline Form of Iodoform, see Dogicl (A. Pdvrsb. Acad. Bull. xx. 337). 

mXDZUM. On alloys of Iridium ana Platinum, and on tlio Separation of these 
two Metals, see Pi-atinum. 

XRZS ROOTi The crystalline odoriferous principle obtained by distilling this 
root -with water has been exiuuintd by Fliickigor {Arch, Phar7n. [3], viii. 481), who 
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finds that it consists of crystals, of myristic acid saturated vith a fragrant oil. 
The myristic acid does not appear to bo present in the root in the free state, but to 
bo separated by the process of distillation from a compound existing tlieroin. 

XROXr. OccHTrvnce. — The metallic iron found by Nordenskibld near Disco Bay, 
in Greenland (2/tr2 Siippl. 796), and supposed to be of meteoric origin, has been 
examined by LSreenstrup, ulio infers, from its mode of occurrence and its structure, 
that it is of terrestrial origin, an opinion in which Kammelsberg concurs {Zeitsehr, 
geoL Ges, xxviii. 225; Jahrb. /. Mbi. 1877, 91 ; Chem, Soc. J. xxxii. 578). *' 

0n Meteoric Iron, see Metkouitks. 

On the occurrence of Iron ores in various countries, and the minerals accompjiny- 
ing them, see Jakresb,/. Cbem. 1875, 1266. 

Physical Properties. — On the influence of Heat, and of the passage of an 
Electric Current, on the Electric Conductivity of iron .ind stcoli; see Electricity 
(p. 718). On the Heat-conductivity of iron, see Heat (p. 1017). 

[njluc ice of Magaetisntim in the Molectifnr Structure of Iron. — Faraday showed 
that iron Ipses its magnetism at a high temperature, and recovers it at a certtiin point 
ns the temperature falls. W. F. Barret {Phil. Mag. [4], xlvii. 51) find.s tliat at this 
particular temperature an iron wire exporioneos an alteration of structure attended 
with sudden elongation, and a change of place of the metal in the lliermo-electric 
scale ; at the same time it emits a sound, and glows more brightly for a short time, 
just before its incaudescence ceases altogetht*r. The thermic and electric conducting 
powers of the wire ai'pcur to be altered at the same time. BaiTet also observes that 
a very hard and tough iron can be produced by the action of a strong electromagnet 
on the metal while in a state of fusion. ^ 

Occlusion of Gases by Iron. — Iron precipitated by the voltaic current from 
a solution of neutral ferrous cliloride an«l sal-ammoniac (shining brittle nodules which 
scratch glass) gives off hydrogen when immersed in water or other liquid. By 
exposure to the air it loses ordy a portion of the ahsorl>ed gas. In hot water the 
evolution of ^as from the iron is very rapid, and is sometimes attended with an 
audible sound. The oacluded gas is given off when 'the iron is heated in a vacuum. 
One vol, iron thus treated gave off 2.35'8 to 248 yoI. hydrogen. The iron, after it has 
been heated, take.s up no more hydrogen, even when it is employed as the negative 
electrode of a voltameter. The liydrogenised iron is very hard and possesses con- 
siderable coercitive power (Cailletet, Compt. rend. Ixxx. 319). 

According to 0. lleyiiolds {Institute Ixxiv. 270), iron bikes up hydrogen when 
acted upon by dilute sulphuric acid. Iron or steel thus treated becomes sliortencd 
and brittle, increuses in weight, and gives off hydrogen when immersed in Mater. 

On the Occlusion of Gases by Cast Iron and Steel, see Iron Metallurgy (p. 1112). 
Influence of various Sohitions on the Rusting of Iron. — A. Wagner has examined 
the action produced on strips of iron by water containing various salts, in presence 
of air free from carbon dioxide, and of air containing that gas, at various temperatures ; 
also in sealed tubes from which air M-as expelled. 

The experiments show that pure water in presence of air causes iron to rust; 
that if carbon dioxiilo is also present, the rusting is more rapid ; that the production 
of rust is materially increa^^ed by the chlorides of magnesium, ammonium, sodium, 
potassium, barium, and calcium, the first mentioaed being the most active in this 
respect ; that iron immersed in evaporated river- water rusts more slowly than iron 
in distilled water ; that the presence of oils or fats greatly diminishes the rapidity of 
rusting ; and that alkalis prevent the rusting entirely. Magnesium chloride solution in 
the absence ofaira^Iacked iron at a temperature of about 100° ; the chlorides of s(xlium, 
potassium, barium, and calcium wore without action under the same circumstances. 

Compounds of Iron, 

Alloys- An alloy of iron and Chromium containing 74 per cent. Cr, 26 per 
cent. Fe, and 1 per cent, foreign matter, has been obtained by reducing chrome-iron 
ore (from the Ural) with charcoal ^ it has a silvery fracture, and the hardness of 
diamonds. In some trials alloys capable of welding were formed ; they contained 
96*4 per cent, iron, 2*3 chromium, 1*3 lime and silica, and traces of carbon (S. Kern, 
Chem. News, xxii. 136, 266). 

An easily fusible alloy, which flUed the moulds well, was found to contain 79 per 
cent pig-iron, 19 6 tin, and, 1*6 lead (Kem, loo, cit.) 

On alloys of Iron and 'Manganfese, see*’ Iron Metallurgy (pp. 1108-1111). On 
alloys of Iron and Copper, see Copper (p. 666). 

Amalgamalion. — An amalgam of iron is easily ohbiined by bringing cleansed iron 
in contact with sodium- or ammonium-amalgam, and udion it has become covered with 



IRON, NiTK IDE— OXIDES. 109? 

a silvery coating, dipping it into acidulated water ; the sodium- or ammonium-amalgam 
is then docomposod, and the mercury penetrates tho Ivon. An iron plate is also quickly 
amalgamated when made to serve as the negative electrode of a battery with mercury 
and acidulated water. The best results are, how'ever, obtained by the use of zinc- 
amalgam. The mercury is covered with dilute julphuric or hydrochloric acid, and 
the iron is placed in the liquid, together with some pieces of zinc, whereupon it 
quickly becomes covered with mercury. The quantity of mercury thus precipitated 
dh the iron is very small ; nevertheless, it does not merely form a superficial deposit, 
hut penetrates deep into the iron, modifying its chemical and physical propetties. 
Amalgamated iron, like amalgamated zinc, is less easily attiicked by acids than the 
metal in its ordinary sUte. 

Cyanides. See pp. 611-616. 

Xfitridei Fe^N^. This compound has been found by Silvostri i^ogg. Am, clvii. 
165) in silvery-lustrous deposits on the lavas of l^ltna. It may be formed artificially 
by heating the lava first in a stream of hydrogen chloride, to dccomjiose it, and then 
in a stream of dry ammonia gas; also, though less easily, by the action of sal- 
ammoniac vapours on the ignited lava. On fusing it with sulphur, sulphide of iron 
is formed and nitrogen is evolved. 

Fremy (ComjA, rend. Hi. 321) assigns to the artificial compound the formula Fe*N* ; 
by Stiihlschmid {Pogg Ann. exxv. 321) it is regarded as Fo^N*,.and by Bogstadius 
(.A ;?r. Chem. Ixxxvi. 307) as Fe®N*. The natural product heated in-a stream of hydrogen 
yields metallic iron and ammonia, in quantities w<lich show that the composition of 
the nitride is 90*86 per cent, iron, and 9*14 nitrogen, agreeing with Fremy’s formula. 

Silvestri c*onsiders it very probable that this iron nitride, for which he proposes 
the name ‘ .siderazote,’ has played a very important part in volcanic processes, as it 
appears that the metallic-shining comp(.Mind is peculiar to blocks of lava posse.ssing 
sharp edges, found in the neighbourhood of craters, and in the middle of lava streams. 
Ii;iva may possess the property of absorbing nitrogen under certain conditions of 
temperature, and thus give rise to the formation of ammonium chloride, Vhich is 
found so largely as a product of uhe fumaroles in crevices and holes. I'he decomposi- 
tion of this ammonium chloride in presence of ferruginous lava may explain the 
presence of hydrogen amongst the products of volcanic action. 

Oxides. Ferric oxide prepared from the oxalate, when heated for half an hour 
to 350® in a current of hydrogen, furnishes tho magnetic oxide ; if it be heated for 
twenty minutes to 600^, ferrous oxide is produced in tho pyrophoric state Ferrous 
oxide thus prepared decomposes water, slowly at ordinary temperatures, more rapirlly 
at 100®. In contact with nitric acid, it exhibits vivid incandescence. With carbon 
dioxide at 500® it forms carbon monoxide and magnetic oxide of iron : 3FeO + CO“=: 
hVO‘ + (X), a reaction which explains why ferrous oxide cannot be obtained by lieat- 
ing ihe carbonate, unless the heat be very gentle. Pyrophoric ferrous oxide displaces 
a pjirt of tho ammonia in ammonium sulphate, forming ammonio-ferrous sulphate. 
(Ijirbon dioxiilo lias no effect on it at the ordinary temperatures, nor does exposure 
t.o a temperature of 450® in an atmosphere of nitrogen deprive it of its pyrophoric 
properties. 

If ferric oxide be reduced by hydrogen at 700°, non-pyrophoric metallic iron is 
produced. Carbon monoxide pr aluces the same effect as hydrogen, forming 
magnetic oxide at 350°, pyrophoric ferrous oxide at 500®, and metallic iron at 700® 
to 800®. 

Tho same results arc obtained when the reiiviotioiis arc effected at the .‘^ame tem- 
peraUiro, but for different lengths of time; thus, at 410°, ferrous oxide is obtained 
after six hours, and metallic iron after twelve hours’ reduction * at 350° magnetic 
oxide is obHiinod after one hour, ferrous oxide after ten hours, and metallic iron after 
thirty-six hours (H. Moisson, Compt, rend, Ixxiv. 1296). 

Ferric Oxide, FcW. — A. Frenzol {Jahrh. f. Min. 1874, 685) accidentally 
obtained small rhombohedrons of iron -glance, slightly magnetic and having a 
motiillic lustre, by igniting a precipitate of ferric hydrate. 

Ferric Oxide from Meteoric Iron. — Ignited ferric oxide prepared from meteoric 
iron is attracted by the magnet, whereas the oxide prepared from ordinary iron does 
not exhibit this p roper ty after ignition; when dried at 1 10° it is slightly attracted, 
but this property is feebler tlio higher tlie temperature at wliich the oxide has been 
dried. With the sosquioxide prepared from meteoric iron the case is exactly 'the 
reverse. The magnetic propert.ies of the oxide thus prepared are due to the presence 
of small quantities of nickel or cobalt-salts; and when these have been removed by 
four successive precipitations and redissolutions in sodium acetate, the ferric oxide 
exhibits all the properties of that which is ohtinneil from terrestrial sources. On the 
other hand by adding small quantities of cobjilt or nickel (or both) to a ferric salty 
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and precipitating with ammonia, an oxide is obtained having all the properties of that 
which is prepared from meteoric iron. It is possible that the presence of the nickel 
or cobalt may give, rise to the tbrmation of Fo*0*, or that, as snggeste<l by C. F. 
Chandler, the oxide of cobalt or nickel may unite with the ferric oxide to form the 
compounds, Fe*CoO* and Fe*NiO^, analogous to Fe*0^ (J. L. Smith, Amcr. Chemist^ 
V. 366). 

Reduction of Rerric Oxide hy Carhon. — J. Parry {Chem. News, xxvii. 313) found 
that when pure ferric oxide was heated in a vacuum with pure carbon, obtained Uy 
calcination of white sugar, no gas was evolved at 100'^, but that between the melting 
points of lead and copper 77 per cent, of the oxygon in the ferric oxide was removed 
in seventeen hours, slowly at the lower temperatures, with formation chiefly of carbon 
' dioxide, rapidly at the higher temperatures, the gas then evolved consisting chiefly of 
carbon monoxide. These facts scorn to show that solid carbon njay play some part 
in the chemistry of the blast-furnace. 

Reduction hy a mixture of Carhon Dioxide and Cyanogen. — This mixture at high 
temperatures exerts a strong reducing action, stronger? indcoil than that of a mixture 
of CO'* and CO. AVith 1 vol. CN and 6 vol. CO- at 685'’-710® F., the ferric oxide it* 
deprived of 79*9 per cent, of its oxj-gen, yielding 6G*3 per cent, metallic iron. If the 
proportion of CO® be increased to 16 vol., only 6*5 per cent, of metallic iron is obtained, 
and with 30 vol. CO®, the yield of iron is rctluced to 0 9 per cent. Part of the carbon 
formed unites with the reduced iron. 

Ferric Hydrate. Limoniki, Fe^H*0® or 2Fe®0’*.3lP0, occurs at Big Lick, 
Boanoke County, Virginia, in narrow* veins having the lustre and translucency of 
gdtbite. These veins, which traverse the ordinary compact limonite, are dark blood- 
red by transmitted, nearly l)lack by reflected light. Lustre between adamantine and 
waxy. Streak yellowish brown. Hardness somewhat above 5. Sp. gr. 3*76 at 15°. 

Compositim.— A. Direct result of analysis. B. After deduction of phosphoric 
acid and of 2*68 per cent. F«^'-’0® as FePO*, also of the water given off at 100°. 
C. A'alues calculated from the formula Fe^H**0" : 

' Mn“0» A1*0» I^O* SiO> H*0 

A (found) . . . 81*62 0 11 0*26 2*38 0*&1 14*96 » 99*73 

B(corr.). . . 86*61 — 14-39 « loo 

C(calc.) . . . 85*56 — — — — 14*44 - 100 

Of the 14*95 per cent. H-’O. 1*70 goes oif at 100°, 0’9;3 at 160°, 3*60 at 200°, 6*01 
at 250°, and 3*74 at a red heat (Alallet, Sill. Am. J. [3], ix. 460). 

Compound of Ferric Oxide with JAme, Kc®0*.CaO or (FeO-’)®Ca. — This body is 
formed when a mixture of 190 pts. iron and 06*6 lime is heated to whiteness for 
several hours in a platinum crucible standing in a muffle, and the mixture is left to 
cool slow’ly. It is thus obtained in crystals often an inch long, and having a strong 
metallic lu.'strc. Still larger crystals of the same compound are fjbtained by igniting 
1000 grains of hsematite w'ith 1000 grains of chalk. It is magnetic, has a sp. gr. of 
4*693, and yields a red-brown powder (J. Percy, Phil. Mag. [4], xlv. 456). 

Ferroso-ferric Oxide, Magnetic Oxide, Fe®0*. — A mixture of this oxide, 
with corundum, forming a thick bed at Sheep’s Hill near Cmger on the Hudson, i.s 
described by J. Kemball {Amer. Chan. iv. 321 ; Jahresh. f. Ckem. 1874, 1078). 
Being a very ba.sic and therefore very refractory fhineral and rich in ferric oxide, it is 
well adapted for the fettling of puddling furnaces, and as an oxidising material in the 
Bessemer convertfir. 

Ferroso-ferric Oxide from Aniline residues.— The residue left in the preparation of 
aniline by the action of ferrous acetate on nitrobenzene consists of magnetic iron oxide, 
Fc*0*, agreeing in composition with the native oxide from Cornwall and Dannemora, 
as shown by the following analysis : 

Fo*0* FeO Graphite SiO* P*0' S and Mii 

67*00 30*05 1*23 0*78 0*62 traces = 99*68 

(J. Spiller, Berl, Rer. vi. 1384). • 

Oxysalts of Iron. See the several acids. 

Phosphide. On triferrous phosphide, Fe®P*, produced by the action of phos- 
phine on a solution of a ferrous salt, see ^Lnd Suppl. 949. 

Sulphides. The Mo no sulphide, FeS, may be prepared by heating a. mixture 
of 2 pts. iron pyrites and,! pt. ir<in-filings to redness for half-an-hour in a hessian 
crucible (C. Mehu, Russ. Zeilschr. Pharm, 1876, 646). 

The Sesquisulphide or Ferric Sulphide is precipitated as a hydrate, 
2Fe®S*.3H®0, by the action of yellow ammonium sulphide on a solution of ferric 
chloride containing free chlorine or a .small quantity of sodium hypochlorite. As thus 
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obtained, it is a green flocculent in-ecipitate, becoming almost black after washing on 
the filter. On mixing it, after drying, with a white powder, sueh as elialk, the green 
colour is again distinctly seen. The sesqiiisulphidc is soluble in ammoniacal water, 
and is precipitat* d therefrom on dilution : it dissolves also in alcoholic ammonia, 
forming a perfectly clear, emerald-green solution which can bo filtered. In a mixture 
of ammonium sulphide and very dilute ammonium thiosulphate, it is hut slightly 
soluble. It dissolves in hydrochloric acid, with evolution of hydrogen sulphide and 
ftrmation of ferric chloride (Phipson, Ch/m. News, xxx. 139). 

Bisulphide, FcS*. Iron pyrites. — Ob.servations on the formation of pyrites in 
recent times have been made by i)aubr6e {Coynpt. rend. Ixxxi. 854 ; Chem. Soc. Jour. 
xxix. 633). lie points out that, frequent as the formation of iron sulphide may be. 4 
it is but rarely that the product is a true ]:yritos, that is to say, a crystalline, metal- 
lically lustrous siupliido, capiildc of resisting the action of acids. Amongst localities 
in which true pyrites has lieen furnicd in historic times, may bo especially mentioned 
the warm springs of IJonrbonno-les- Mains (Dcp. Ilaute Marne) and of Jlamman- 
Moskontin in the province of Constantine, Algeria. At the former locality, pyrites is 
found in small granules mixed with the sand near the source of the spring, and as a 
coating oil qiiartz-grain.s and n.-mains of flint implements, whereby its recent origin is 
sufficiently indicated, also in small cavities in the lime between the tiles of an old 
conduit, which likcwis(^ contains crystabs of ealc.spar. The reaction in this case appears 
to 1)0 similar to that observed by Kbelmen bctwecui ealcinm sulphate and ferric oxide, 
in presence of organic matter, whereby iron l)isui|.)liidc and calcium carbonate wen^ 
produced. Ihiul)ree also mentions the occurrence of pyrites in a fissure of a ship's 
limber which, Jjefore being used for building, had lain for some time in a basin receiv- 
ing the contents of two sewers, whereby reducing and sulphuretted compounds were 
probably introduced into the water. 

Detection and Sstimatlon of Iron, and Analysis of its Compounds. 

The smallest trace of iron in a nickel-salt maybe easily detected by mixing the 
slightly acidulated solution with potassium thiocyanate, and agitating ;vith ether. A 
rose tint in the etliercal layer indicates with certainty the prisence of iron (Bottger, 
N. Rep. Pharm. xxiv. 621). 

ICstimation of Ferric (Iride and Alumina in presence of Phosphoric Acid. — To the 
liquid containing jihosplioric acid, nhimiua, and oxide of iron, an excess of calcium 
chloride is addt'd, and then ammonia, which throws down tricalcic phosphate, alumina, 
and ferric oxide, 'fho precipitate is ignited, w*eiglicd, and dissolved in hydrochloric 
acid ; the phosphoric acid is determined by means of uranium in one portion of the 
solution, and the iron by stannous chloride iu another. Th<’; phosphoric acid is 
calculated into tricalcic phospbate, and the iron into Fe-O'band the difference betwem 
the united weights of these compounds and that of the original precipitate gives the 
aliimiiia. Jf sulphuric acid i.s present, it must be separated by baryta before the addition 
of ammonia. The presence of baryta in the filtrate docs not affect the results, proviiied 
.sufficient calcium chloride is added to precipitate all the phosphoric acid, a8P*U*(CaO)* 
(H. Pellet., Bnll. Soc. Chini. [2], xxvii. 106). 

Volumetr ic Estimation. 1, With Sodium Thiosulphate {in. — To render 

this method cx.act, it is desirable that the iron .solution should be as nearly neutral as 
possible, since an excess of acid would decompose the thiosulphate. J. M. Crafts 
(Bull. Soc. Chhn. | 2|, xx. 50) employs for the titration ; (1). A ^^jj-normal solution of 
thiosulphate prepared by dissolving 12*4 grams of the air dried salt in a litre of water. 
2. A jij-normal solution of ferric chloride, which serves for the ex.ict titration of the 
thiosulphate solution, and is best prepared by dissolving the required quantity of iron 
containing a known amount of carbon in hydrochloric acid, with adilition of a little 
nitric acid, and evaporating down till a drop taken out just dissolves in water without 
turbidity. 

For the estimation of iron in ores, the pulverisoil ore is digested with strong 
hydrochloric acid, with addition of a little nitric acid, to convert the whole into ferric 
salt, and the solution is freed Irom exce.ss of acid by neutralisation with sodium 
carbonate, or better cautious evciporation. It. is advisable to use 1*4 grm. of the 
ore and dilute the solution to half a litre. The number of c.c. of thiosulphate solution 
required for the decomposition of 100 c.c. of the iron solution, will then give the per- 
centage of metallic iron in tlio ore. The first tift.’atioii serves for the approximate 
estimation of the quantity of thiosulphate required; in the subsequent operations, 
id.'out 20 per cent, more of the thiosulpha^fe is taken, and'tho excess determined by 
back-titraiion in the usual w'ay with iodine and .starch. The operation is somewhat 
impeded by tlio presence of considerable quantities of sulphates, phosphates, and in 
general of any acids which readily form precipitates with the iron. The presence of 
atmospheric oxygon in the water used does not create any difficulty. 
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2 . With Permanganate.-- VATTit\\ (Chem. Soc. Jour. xxvi. 27) recommends that 
the estimation of iron by permanganate be performed by candle or gas light, so that 
the disturbing influence caused by the yellow colour of the resulting ferric salt on the 
exact recognition of the end of the operation may as far as possilde be eliminated. 
A solution of 3 pts. ferric chloride in 400 pts. of water is colourless by candle-light, 
but the slightest trace of permanganate added to it produces a perceptible coloration. 
For the titration of the permanganate solution, Parnell recommends arscnious acid^ ^ 
it can easily be obtained quite pure, and the inconvenience arising from the slowness 
of the action towards the end of the oxidation, and from the brown coloration of the 
liquid resulting from the formation of manganic oxide, may bo obviated by addition 
of a slight excess of a standard solution of a ferrous salt, the excess of ferrous oxide 
in which can be very exactly determined by back-titriition with permanganate sedution. 

A simple method of estimating iron in ores, without the use of weights, is described 
by W. N. Hartley {Chem. Soc. Jour, xxviii. 410). A suitable quantity of the ore is 
counterpoised by pure iron wire ; the ore and wire are dissolved in separate quantities 
of acid ; the two solutionn are made up to equal volumes ; and of the total volume 
of each is taken for the analysis, whereby the error in weighing is reduced to i. The 
two ferric solutions are then reduced by gmnulatcd zinc, and titrated with perman- 
ganate. If then m and n denote the quantities of permanganate solution used for the 
solution of the ore and of the wire respectively, the percentage a of iron in the ore is 
given by the equation : 

x = — . 100. 

n 

3. With Potassium Bichromate. — The titration of ferrous salts wiLh a standard 
solution of potassium dichromate is regarded by Riley {Chem. Soc. Jour, xxxii. 2o) as 
the best of all methods for the volumetric estimation of iron. W. T^. Howie {Pharm. 
J. Trans. [3], vi. 480) points out that it is apt to give too high a result, if sugar i.s 
present, and the titration is performed in a hydrochloric acitl solution. In such cases, 
as in the analysis of Ferrum carhonicum .^accharaium, he n'commcnds that the iron 
salt be dissolved, not ifi hydrochloric, but in phosphoric acid, since, in presence of this 
acid, the dichromate is not reduced by sugar. 

4. With Stannous Chloride. — To the method of estimating iron by means of 
standard solutions of stannous chloride, recommended by Fresenius and others (iii. 
386), two objeciions have been raised, viz. : First, that the solution of stannous 
chloride rnpidly decomposes, and has constantly to be rts-standardist d ; secondly, that 
the results are not constant, the same weight of ore requiring varying amounts of 
standard solution. The first objection is met by keeping the standard solution in a 
bottle to which the air can have access only through a wash-bottle of potassium pyro- 
gallate. When the solution is kept in this manner, the variation in four weeks is under 
O’l p.c. The second objection is unt« nable, since, when the solutif)n is strongly acid 
and hot, the limits of error can be confined to 0 05 p.c. The extreme sharpne.‘<s, and 
above all the rapidity of the operation, render it very advantageous, especially in mining 
practice (Uclsmann, Zeitschr. anal, Chem. xvi. 60). See also Stock a. Jack {Chem. 

XXX. 221 ; xxxi. 63) ; Esilmann {jJnd. 221); C. W. Hinmaii {Sill. Am. J. [3], xiv. 
478 ; Chem. Soc, Jour, xxxiv. 608), 

Garnelley {Chem. News, xxx. 257) estimates iron in well-water colorimetrically by 
adding to a measured volume of the water, after oxidation of the iron by permanganate 
solution and sulphuric acid, a know’n quantity of solution of potassium ferrocyanide, 
and comparing the tint of the re.suiting blue liquid with that of another, prepared 
by adding a titrated iron solution to the same quantity of potassium ferrocyanide dis- 
solved in a correspondingly large volume of distilled water. 

S^ration of Iron from Uranium. According to K. Burcker (*/. Pharm. Chim. 
[4], xxvii. 347), the method of separating these metals based on the precipitation of 
the iron with ammonium carbonate (v. 944) is not very exact, as, after a short time, 
the double carbonate of uranium pd ammonium is likewise deposited, and is very 
difficult to remove from the precipitate. Better results are obtained by the following 
method given in Rose’s Traite d' Analyse Quantitative. The solution of ferric and 
uranic salt is precipitated by ammonia ; the precipibito, after ignition and weighing, 
is heated in a current of hydrogen, and the reduced iron is dissolved out by dilute hydro- 
chloric acid, brought to the state of ferric salt by nitric acid, and precipitated by ammonia. 

On the separation of Iron from Uranium and Chromium^ see p. 458. 
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Analysis of Cast Iron and Steel, 

An elaborate memoir on the estimation of the several constituents of iron and 
steel has been published by M. Boussingault {Ann. Chim. Phys. [5], v. 148). 1. To 
estimate the carbon, the finely-pulverised metal is triturated with 16 to 20 times its 
weight of mercuric chloride, and the insoluble mixture of caibon and mercurous 
chloride which remains after boiling the whole with hydrochloric acid, then washing 
and drying, is placed in a platinum boat, and heated to dull redness in a stream of 
hydrogen in order to drive off the mercurous chloride. The residue of carbon-com- 
pounds and graphite remaining in the boat is then weighed and heated, first over a 
lamp to burn away the carbon-compounds, afterwards in a stream of oxygen to burn 
the graphite. Tjie accuracy of the determination may be increased by receiving the 
carbon dioxide produced by the combustion in a weighed absorption apparatus, as in 
organic analysis. This method, besides showing the form in which the carbon is 
present in the iron, has the further advantage of rendering visible extremely small 
quantities of carton, oven a small fraction of a milligram being easily recognised on 
the bottom of the platinum boat. The accuracy of the result is not impaired by the 
presence of nickel, copper, or chromium, since these metiils, like the iron, are con- 
verted into chlorides, and pass into solution. The presence of tungsten, however, 
creates a difficulty, as this metal remains behind together with the carbon and the 
mo’curous chloride, and is converted into oxide (hiring the combustion of the carbon, 
thereby compensating wholly or partially the loss of weight, hloreover the tungstic 
acid fornied^at a red heat may burn a portion of the graphite to carbon dioxide. 
Hence, when the proportion of tungsten is considerable, it is best to estimate the 
carbon by direct combustion and weighing of the carbon dioxide. 

Silicon. —Ti) obtain an exact estimation of this element, especially when its amount 
is very small, the analysis must bo made in the dry way, inasmuch as liquid reagents 
almost always contain traces of silicon, which may also bo imparted from the glass or 
porcelain vessels in the pi'ocess; If, on the other hand, the ..comminuted iron bo first 
oxidised on the platinum boat in a muffio furnace, and then ignited in a stream of dry 
hydrogen chloride, pure silica will ho left in tlu boat. 

Phosphorus is estimated by dissolving the iron in nitric acid, evaporating, and 
calcining the residue, fusing the resulting oxide with sodium carbonate, boiling the 
melt with water, acidulating with nitric acid, and precipitating with an ammonio- 
ceric salt. The precipitate of cerium phosphate is then decomposed by oxalic acid, 
and the phosphoric acid in the filtrate is determined as ammonium -magnesium 
phosphate. The phosphoric acid may also be precipitated from the nitric acid 
solution by ammonium molybdate. 

Sulphur is determined by passing the gas evolved on treating the iron with dilute 
sulphuric acid into a solution of silver nitrate, whereby the whole of the sulphur is 
precipitated as silver sulphide. 

Manganese. — For the estimation of this metal, Boussingault finds that the iron 
(as ferric salt) may bo completely precipitated by sodium acetate. When the quantity 
of manganese is very small, the nitric acid solution may also be treated with lead 
dioxide, and the resulting red .solution titrated back with mercurous nitrate, the 
strength of which has been doterniinod by means of an iron solution containing a 
known amount of manganc.se. ' 

The precipitation of manganese as peroxide by the electric current is not to be 
recommended, on account of the time which it takes, and the various disturbing in- 
fluence's which affect the result. 

For the estimation of the iron itself, Boussingault gives the preference to the 
method with permanganate ; and for the detection of copper he recommends the 
known process founded on the sepanition of copper and iron by ammonia, and 
the extremely delicate reaction with ferrocyanide. 

On the analysis of Carburetted Iron see also C. H. Picsso {Chem, News, xxix, 
57 and 110; Chem. Soc. J. xxvii. 711) ; A. H. Allen, Chem. News. xxix. 91 and 120); 
H. Uelsmann, Dinglpol. J. eexx. 534 ; Jahresb.f. Chem, 1876, 999). 

The following methods relate to the determination of special constituents : 

J. Parry (Amer. Chemist ^ iv, 257) estimates tifio carbon in pig iron by dissolving 
the metal in solution of cupric sulphate, burning tho^ dried residue of copper and 
carbon with cupric oxide, and instead of 'absorbing the carbon dioxide in a potash 
apparatus, passing it, by means of a 8prengel pump, into a graduated cylinder, and 
measuring it, with the necessary correction.'^ for pressure, temperature, and moisture. 

Uelsmann {Vingl. Pol. J. eexx. 534), after dissolving the iron in a solution of 
cupric chloride, oxidises the carbon with chromic acid, as recommended by Ullgren 
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(Lie^i^i Aniialen, cxxiv. 69), in an apparatus connected with a cooled receiver, the 
operation being assisted by heat, and the evolved carbon dioxide absorbed by soda- 
lime. 

For the estimation of carbon in spiegeleisen, Riley (CAem. Soc, J. xxxii. 1) dis- 
solves the metiil in cupric chloride, and, after complete solution of the iron and of the 
precipitated copper, collects the carbon, &c., on an asbestos filter, and burns the 
carbon with cupricf oxide in a current of oxygen. For high percentages of carboii 
Riley considers that colorimetric determinations are not satisfactory. 

For the estimation of phosphorus, Uelsmaim {Dlngl, ;pol.J. ccxviii. 492) regards 
the method of precipitation with molybdic acid as the only one capable of affording 
,exact results in the analysis of pig iron, steel, &c. The best way of proceeding, as 
proposed by Eggertz («7. pr. Chem. Ixxix. 496), is to weigh tlio preeijntato directly, as 
when dried at 110°-1 20 ’ it always contains the samo quantity of phosphorus (l-(j:i 
per cent.), provided the process be carried out under uniform conditions. It is es- 
pecially important that no acid, except nitric acid, be present, and that the precipitate 
bo quickly formed. 

Koschelt {Chem. Centr. 1877i 487) prepares a molybdic solution by dissolving 
1 part of pure molybdic acid together with 1 part of caustic potash in 6 parts of water ; 
adding, after cooling, a solution of ^ part of tiirtaric acid in 2 parts of water, followed 
by addition of 7 J parts of nitric acid ; heating the whole to boiling ; and filtering while 
hot. About 1 gram of the iron is dissolved in the smallest possible quantity of nitric 
acid (the solution should not racasuVo more than 60 c.c.), and tlie filtered liquid is 
allowed to flow into about 3U c.c. of the molybdic solution placed in a basin on the 
waier-bath. After complete precipitation, the whole is warmed for a shtrt time; and 
the precipitate is collected on a weighed filter, washed with dilute nitric acid (2 : 3) and 
alcohol, dried at 120^-130^, and weighed: it contains 173 per cent, of phosphorus. 
Cairns {ibid.) precipitates the ferric phosphate with ammonia, redissolves, precipitates 
with ammonium molybdate, redissolves, reprecipitiites, again dissolves, and finally 
precipitates with magnesia mixture. 

A spectroscopic method of estimating phosphorus iu iron and steel is given by .1. 
Alleyno (Institute 1875, 263), depending on the fact that when an electric spark is 
made to pass between iron electrodes, the presimce of phosphorus may bo recognised 
by certain characteri.stic lines, which disappear completely when th(; atmospheric air 
surrounding the electrodes is replaced by an atmosphere of hydrogen, and rojippear 
when oxygen is again admitted into the tube, the quantity of oxygen required to 
reproduce them being inversely proportional to the amount of phosphorus in the 
iron. 

Sulphur may ho estimated by dissolving the iron in dihite sulphuric acid, and 
passing the gas, which contains hydrogen sulphide if sulphur is pre.sent, into an 
alkaline solution of load oxide, whereby the sulphur i.s precipitated as lead sulphide, 
which may tlien be oxidised to sulphate. The operation should be conducted in an 
atmosphere of hydrogen, since, if air is passed for a long time through the alkaline 
lead solution, the precipitated lead sulphide becomes oxivlisod and dissolves in the 
alkaline liquid (Fresenius, Zdtschr. anal, Chem. 1874, 39). J. Moffat Johnson (ibid.) 
uses, instead of the allciline lead solution, a solution of bromine in Ijydrochloric. aeid, 
whereby the hydrogen sulpliide is immediately conv,|*rted into sulphuric acid. Th. M. 
Drown (Amer. Chemist, iv. 423) effects the oxidation of the hydrogen sulphide by 
passing it through at least three bottles containing solution of potassium perman- 
ganate (1 : 200). . 

Aluminium and Chromium, For the determination of these metals the 
following method is "given by A. Blair (5/^/. Am. J. [3], xiii. 421). Five grams of 
iron or steel borings are placed in a half-litre flask with 20 c.c. of hydrochloric acid 
diluted with three or four times its volume of water, and the flask is closed with a 
valved stopper. If necessary, heat is ai)plicd, and when the iron is dissolved, the 
valved stopper is replaced by a solid one, and the flask cooled. The flask is then 
about three-fourths filled with water and a slight excess of barium carbonate (fri*o 
from sulphate) added gradually. The flask should be thoroughly shaken several 
times, loosening the stopper occasionally to allow the carbonic acid to escape, and left 
over-night. The liquid is then quickly filtered, and the precipitate washed with cold 
water and diasolved in hydrochloric, ficid ; the solution diluted ; the sesquioxidcs of 
iron and chromium precipitated with ammonia ; and the (jxcess of ammonia expelled 
by boiling. The precipitate, is washed, dried, and fused with 3 grams of sodium 
carbonate and 0*5 gram of nitre, the heat being continued till all the nitre is decom- 
posed ; the fused mass is dissolved in water ; and the solution filtered from the ferric 
oxide, is evaporated with hydrochloric acid and alcoliol. The chromic oxide which 
remains is then dissolved in hydrochloric acid, the solution filtered from silica, and 
the chromium precipitated in the usual way. 
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For the determination of aluminium in stool, the first part of the process is the 
same as for chromium, as far as the washing of the precipitate obtained with barium 
carbonate, which in this case is dissolved in hydrochloric acid and the barium precipi- 
tated with sulphuric acid ; the barium sulphate is thon removed and the excess of acid ex- 
pelled by evaporation. The ferric oxide, alumina, and chromic oxide, are separated by 
ammonia, ammonium sulphide, and citric acid. The chromium (if any) is converted 
%ito alkaline chromate by fusion with sodium carbonate and nitre ; the mass is dis- 
solved in water; and, without filtering, potassium chlorate and hydrochloric acid are 
added, and the solution is ovaporat*d to dryness in the water-bath, keeping the 
chlorate in excess. The residue is redissolved in water ; a slight excess of ammonium 
carbonate is added ; the solution boiled till all smell of this salt is removed, then - 
filtered, and mixed with excess of hydrochloric acid ; and when the greater part of 
the chlorate is decomposed, a little alcohol is to bo added and the chromium precipi- 
tated as before. The alumina obtained by precipitation with ammonium carbonate is 
apt to be contaminated by silica and lime (from the citric acid), from which it can 
be separated by dissolving in hydrochloric acid, evaporating to remove silica, redis- 
solving in hydrochloric acid, and precipitating with ammonium carbonate, care being 
taken to remove all excess of carbonate by boiling. 

Manganese. S. Peters {Chem. News. xxisWx. 3o) estimates manganese in iron 
and steel by a colorimetric method. 0*1 gram of the metal is dissolved at boiling heat 
in 3 to 4 c.c. of nitric acid (sp. gr. 1-2) ; lead ilioxide (0’2-0‘3 gram) is then added, 
the liquid is boiled for two or three minutes and mtered ; the liltrato is poured into a 
burette and diluted to 50 (JO c.c. ; and the tint of this liquid is compared with 
that of a solurtoii of permanganate (tontaiiiing 0 0 1 gram mangaiiebo in a cubit; centi- 
inotor. If the two have the same depth of colour, the necessary data for calculation 
are obtained. 

For the estimation of menganese in spiegeleiscn and ferromanganese^ the two 
following methods are given by E. Riley Soc. J. xxxii. 1-12). 

1. Direct Method. — About a gram of finely cj'jmminuted spiege:ois'.jn is dissolved 
in nitric acid (sp. gr. 1*2), and small quantities Of potassium chlorate and hydrochloric 
acid are added to decompose the carbon-compoundrs produced by the reaction. The 
solution diluted to about a litre and neutralised with sodium or ammonium carbonate 
is thon heated M’ith sodium or ammonium acetate (preferably with the ammonium 
salt), the resulting basic ferric acetate is left to settle; the solution is filtered; 
the precipitate redissolvcd in hydrochloric acid; and the process repeated in order 
to ensure a complete separation of the iron and manganese. The united filtrates are 
evaporated to half a litre, and mixed after cooling with 2 to 4 c.c. of bromine and 
agitated; excess of ammonia is added; the liquid gently heated for about an Iiour, 
then boiled for five minutes ; the precipitate is left to settle ; the liquid is filtered ; 
and the filtrate is ovaporated and tested for inaiiganeso. Lastly the precipitate is 
dried and heated to redness for half an hour in a muffle or over a Hunsen burner, 
and finally over a gas blowpipe. It then consists of manganoso-mangaHic oxide, Mn*0\ 

Indirect Method. — About a gram of finely crushed spiegeleiscn is dissolved in 
hydrochloric, or better in dilute sulphuric acid ; the liquid i.s diluted with recently 
boiled distilled water ; and the iron^ is estimated volumetrically with bichromate or 
permanganate ; to the amount thins obtaimd 5 per cent, is added for carbon and 
impurities; and the difference is regarded as manganese. The result thus 
obtained is generally too low by 0 6 to 0*8 per . cent., the error arising from the 
formation -- during the dissolution of the iron — of oily hydrocarbons and soluble 
organic matter, which act more or less on the oxidising solution, thus rendering the 
amount of iron too high, and consequently that of manganese too low. The 
method however is for the most part sufficiently accurate for technical purposes, and 
it has the great advantage of being very expeditious, an hour being sufficient for its 
completion, whereas tho direct method takes five or six hours. The indirect method 
may however be rendered much more exact, though at some sacrifice of time, by 
dissolving the spiegeleiscn in nitric acid, evaporating to dryness, and heating the 
residue to destroy tho carbon-compounds. The oxides of iron and manganese are 
then to be dissolved in hydrochloric acid, and the solution largely dilute*! with water, 
reduced with sodium sulphite, and titrated as before. The results of the indirect 
method, thus modified, agree very nearly with those* of tlie direct method. 

W. Galbraith {Chem. News, zxxiv. 47) dissolves 1 grap of spicgeleisen in nitric 
acid in a small round-bottomed flask, evapornt-es to dryness, and heats the residue for 
ten minutes at a cherry-red ht*at. A weighed quantity of ferrous or ammonio-ferrons 
sulphate is added, after cooling, together witli a little dilute hydrochloric acid ; the 
liquid is heated, with agitation ; and when the whole is dissolved, the- quantity of nn- 
oxidised iron is determined by titr;itif>n with potassium dichromate. From this the 
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amount of manganese present may be calculated. Riley is of opinion that this 
method does not yield exact results. 

Estimaiion of Manganese in Manganiferous Iron Ores. — Those ores sometimes 
contain small quantities of baryta, zinc oxide, potosh, soda, aud silica. 1 gram of 
the ore, dried at 100°, is dissolv d in hydrochloric acid, the .silica separated by filtra- 
tion, and the greater part of the free acid evaporated off. The solution is diluted 
to I litre, left at rest for four hours, and treated wit*» a few drops of sulphuric aciu 
to precipitate the baryta ; then diluted to 1 litre, mixed with ammonium acetate, 
neutralised with ammonia, heated to the boiling point, left to clarify, and filtered ; 
and the precipitate, reilissolved in hydrochloric acid, is again precipitated by ammonia 
“^after addition of ammonium acetate. The basic ferric acetate thus precipitated is left 
to settle, collected on a filter, aud washed three or four time.s with boiling water con- 
taining a few drops of ammonium acetate. Tjastly. the filtrate is evaporated to half 
a litre, mixed when cold with 2 to 4 c.c. bromine, and otherwise treated as above 
described for the analysis of spiogeleisen. The ignited manganoso-manganic oxide 
must be tested for barium, zinc, calcium, &:c. Chlorine may bo used instemi of 
bromine for the oxidation of the manganese, but there is no advantjige in this altera- 
tion of the mode of proceeding (Riley, Chnn. Sfx\ J. xxxii. 12). 

The following process for the analysis of manganiferous iron ores is given by A. 
Fimaro {^Ga^s. ckhn. ital. vii. 286). 2 or 3 grams of the finely powdered mineral are 

dissolved in hydrochloric acid, and the solution evapovatetl to dryness after adding 
a drop or two of nitric acid to peroxidize the iron ; the residue is heated with a 
small quantity of hydrochloric acid, diluted, and filtered fi*om the separated silica, 
which is ignited and weighed; the solution containing the iron and? manganese is 
exactly neutralised with ammonia, and precipitated with a slightly acid solution of 
ammonium benzoate or succinate ; and the precipitate, which contains the iron and 
alumina, is collected, washed fir.st with water, then with dilute ammonia, and finally 
dried, ignited, and weighed. The iron and alumina in this precipitate may then be 
separate and determined in the u.sual manner. The manganese is precipitsited as 
sulphide by sulphide oV ammonium, ,nd determined as manganoso-manganic oxide 
in the usual way. If the mineral contains copper or ziiic, these must bo removed by 
passing sulphuretted hydrogen through an acetic solution, prtndously to the precipita- 
tion of the iron. The magnesia and lime are determined in the filtrate from the 
manganese sulphide. This process is said to bo especially valuable when the man- 
ganese is not in very minute quantity, and preferable to the separation by means of — 

I. Ammonia and ammonium chloride. 2. Jlarium or calcium carbonate. 3. Sodium 
acetate and chlorine or bromine, or hypochlorite. 4. Lead oxide. 5. Conversion 
into sulphates. 

On the separation of Iron and Manganese by means of Sodium Acetate, see also 
Stockmann {Zeitsekr. anal. Ckem. xvi. 1 72) and Kramer {ibid. 334) ; also Chain. Soc, 

J. xxxii. 805. 

Classen {BM. Ber. x. 1316) separates iron from manganese, cobalt, nickel, and 
zinc, by treating the concentrated solution of the metals with a solution of 'potassium 
oxalate (1 ! 6), and excos.s of .strong acetic acid, whereby the oxalates of manganese, 
nickel, cobalt, and zinc are precipitated, Ic^iving the iron in .solution. The filtrate 
(with the washings) is concentrated on the water-i>Ath, and rfmdcred alkaline l)y sodium 
carbonate ; the precipitate which forms is dissolved in concentrated oxalic acid ; 
the solution precipitated with acetic acid as before ; end the precipitate first obUiined 
is washed with concentrated acetic acid, or a mixture of equal parts of acetic acid, 
alcohol, and water^ It may still retain a trace of iron, which may be separated by a 
repetition of the process. 

nOXr MBTAUVaGT. 1. Cast or Plgr Iron. 1. Chemistry of the 
Blast Furnace.— Temperature of the Blmt. — H. Valerius {BuU. Acad. Roy. Bdgique, 
[2], xxxix. No. 4, April 1875) has calculated the temperature to which the blast must 
bo raised in order to obtain* the greatest heat in the furnace. By former experi- 
ments he had found that carbon burning in the open air produces a temperature of 
1678®, half of it burning to dioxide, the other half to monoxide. Carbon monoxide 
in burning produces a temperature of 2231° C. In both cases it is assumed that the 
quantity of air supplied is such that its oxygen just suffices for complete combustion. 
When, however, carbon monoxide* burns under this condition, only | of it is burnt 
to CO*, the other | remaining unaltered. Tho burning of CO in the air cannot raise 
the temperature higher than 2231®, as at higher temperatures cooling takes place in 
consequence of the di.ssociation of CO*. From these considerations, it is ea.sy to 
calculate to what height the temperature of the blast must be raised, in order to 
obtain this maximum of temperature. Suppose that 1 kilogram of pure carbon is to 
be burnt; this will require 12 kilograms of air of the temperature x. Since now the 
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specific heat of air = 0*2375, the quantity of heat required to bo added to the air, 
which is to be used for the combustion, will be 12 . 0*2375 . x heat-units. Now the 
products of combustion, consist of 1*83 CO*, 1*166 CO, 6*99 N and 3 air ; and as the 
specific heats of the first three are respectively 0*2169, 0-245 and 0*244, the rise of 
temperature produced in the air will be expressed by the fraction : 

12. 0*2375. ar _ 2-85 . ar 

« 1*85 . 0*2169 + 1*166 . 0*245 + 6*99 . 0*244 + 3 . 0*2375 3*12 ' 

CO» 00 N Air 

This temperature of the air is added to the temperature of combustion of the carbon 
in the air, so that the sum represents the maximum temperature, viz. : 

1678 + = 2231°; 

3*12 

whence it follows that x = 605°. In practice this amount is not sufficient, since the 
fuel burnt is not pure carbon ; and hence it is that good results have been obtained 
by heating the air even to 800°. By the use of air at 600°, there is a saving of 
about f of the carbon that would be required if cold air were used. 

Use of L\q7iite m the Blast furnace, — Experiments on iron smelting with a mixture 
of coke and lignite are described by v. Frey (Dingl. pol. J. ccxvii. 71). It was found 
that 33 per cent, of the coke might bo replaced by crude lignite (a poor variety from 
Lieschau) without any deterioration in the quality flf the dark brown Bessemer iron 
produced in the furnace, and with a considerable saving of expense for fuel. The 
following table shows the composition of the iron made with coke alone, and with the 
mixture of coke and lignite : 


Pig-iron 

from Buieltod with ; 

Fe 

Combined 

Carbon 

Graphite 

Si 

Mn 

S 

P 

Cu 

( 6fi-6 p. c. Filnfkirchen Coke ) 
Prevail ] 33-3 „ Liewshau Lignite }- 
1 37 „ Lime, White Ores ) 

38-251 

0-460 

3-860 

2-23' 

6-098 

0*U82 

0-012 

0-016 

Prevail Coke 

90-790 

0-430 

2*776 

2-7C5 

3-020 

0*118 

0-042 

0-060 

/ 25 p. c. Ostran Coke \ 

J 25 1 * FUnfkirchon Coke* [ 

^‘‘’*"125 „ Hard Charcoal f 

l25 „ Crude Lignite / 

- 

- 

- 

up to 
3-020 

1*820 

to 

3*060 

0*010 

to 

0*030 

trace 



The construction and working of a lignite blast furnace at Friodrichshiitte in 
Bohemia are described by A. Kerpely (Dingl. pol. J, ccxiz. 322 ,* Jahresb. f, Chem. 
1876, 1060). 

Use of Quick Lime in the Blastfurnace . — ^The introduction of quick lime into the 
furnace in place of the raw limestone generally used might be expected to eifect a 
considerable saving of fuel, seeing that a large quantity of heat is expended in ex- 
pelling the carbon dioxide from the raw limestone, and further that a certain quantity 
is absorbed during the reduction of this carbon dioxide to monoxide. The actual 
saving effected is, however, less than that which is indicated by theory. Experiments 
have indeed shown that the use of burtit lime in the smaller blast furnaces is attended 
with a somewhat greater production, a better quality of iron, and also at times with 
a trifling saving of fuel, but in the-larger and newer furnaces this is not the case. The 
reduction by carbon monoxide of many easily reducible ores begins at 200°, and the 
products of this reduction are carbon dioxide, iron, and a certain quantity of carbon. 
Carbon dioxide also, at a certnin temperature, is reduced by carbon to monoxide. At 
410° the carbon dioxide begins to rcoxidiso the iron reduced at the lower tempera- 
ture, and this oxidation increases with the rise in temperature, so that at a bright 
red heat a mixture of carbon dioxide and monoxide in equal volumes will extract 
from sesquioxide gf iron only one-third of its oxygen, whilst metallic iron at the same 
temperature will take up from such a mixture two-thirds of tlie oxygen which it 
would contain as sesquioxide. By the use of burnt lime the heat in tlie furnaco is 
certainly increased, and the presence of this heat is made known by a rise in the 
temperature of the escaping gases. This increase in temperature, however, induces 
a greater formation of CO in proportion to CO*, perha'ps through the oxidising power 
of the latter being increased, and, therefore, more carbon monoxide being necessary 
for the reduction, or perhaps through the cai^n dioxide boftig more easily reduced 
by the carbon. Whichever may be the true explanation, the result remains the same, 
viz., an absorption of heat, which means a waste of fuel, so that the gain on the one 
hand is neutr^isod by a loss on the other. (1. L. Bell, Engineering ^ Sept. 1875, p. 203 ; 
pol. J. ccxviii. 260.) 

3fd Bap, 


40 
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Iron 

177*11 

177*11 

131*60 

45*51 

45*51 

1 1 s 

1 

c 

13*40 

1*02 

2 1 
rH 

14*42 

14*42 

1 1 1, 

I 

S 

14*74 

92*48 

en 

04 

o • 

107*22 

107*22 

34*26 

Alumina ! Potash 

i 

« ? 1 1 1 

O CO ' ' ' 

00 

CO 1 

CO ‘ 

00 00 

CO M 

M GO 

1 1 f 

27-46 

1*36 

28*82 

28-82 

28-82 

9-28 

1 

10*18 

108-23 

rH 

03 (N 
«> 04 W 

O 

112*41 

112-41 

36*24 

I 

f 

i 

0*70 

1658*27 

1658*97 

1658*97 

o d 

00 40 1 

40 40 ‘ 

CO 

1 

X 

O 

65-01 

75-89 

54-99 

316-24 

1222 

*o o 

cp Cl 

CO 

Cl . 

»o + 

‘C 

‘P 1 

« 1 

»0 CO 

‘O 40 

ir^ 1 

04 Cl ' 

»o 

a 

c* 

Co 

1 

>* 

21*67 

0*26 

1*52 

23-46 

23*46 

23*46 

1*22 

Carbon 

292*42 

19*89 

312*31 

5-60 

o ' 

CO 

O 

^ o 
to « 1 

O .-4 1 

CO 

Coal .... 390 parts. 

Iron ore . . . 420 „ 

Limestone flux , , 170 „ 

Air . . « . . 1374*51 „ 

Moisture . . . 13*75 „ 

Total raw material .... 

Deducting iron . . 140 „ 

Deducting slag • . 312*94 „ 

Gases .... 1916*69 „ 

Percentage composition of the gases 

Percentage composition of the slags . 
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On Beisei^s proposed method of using gaseous fuel and mineral fuel from the 
more recent formations, in blast furnaces, see Bingl, pot* J, ccxviii. 176 ; Jahresb, f, 
Chem. 1875, 1023. 

Gases and Slags. — W, Kent {Engineering and Mining Jmtmal, April 1875, p. 228 ; 
JHngl, pol, J. ccxviii. 332) has escalated the composition of the gases and slags from 
blast furnaces, basing his calculation on the obvious principle that n^hatever is intro- 
diftod into the furnace must leave it in some form or other, either as gas, or as crude 
iron, or as slags. The table on p. 1100 shows the result of the calculation for the 
Alfreton blast furnace, from data furnished by Dr. Percy. 

Formation of Chlorine-compounds in Blast-furnaces. — In several German iron 
works, viz. the Concordia works at IBenndorff, the Sophia works at Wetzlar, and the 
Maiu-Weser works at Dollar, much damage has been done to the furnaces by the 
formation of chlorine-compounds. At the Concordia works it was noticed that the 
iron plates of the furnace wore destroyed, and that the pumice placed in compartments 
in the throat of the furnace to absorb the gases, had assumed a yellowish-brown colour 
from the formation of ferric chloride, and partly caked together. Fused salts, chiefly 
potassium chloride, likewise exuded through the walls of the furnace. Similar obser- 
vations ware also made at other works. Now chlorides do not occur in iron ore or in 
limestone, and they are not likoly to be derived from the building material of the 
furnace. The source of them must therefore be looked for in the coke with which 
the furnaces wore fed ; and in fact the liquid obtained by lixiviating an average 
sample of 35 kilos, of this coke gave by analysis : 


/13*64 grms. NaCl 

a 

*1209 per cent, on the coke. 

1*38 

t> 

KOI 

a 

•0038 

If 

ff ff 

*72 

If 

MgO.SO* 

K 

•0020 

If 

ff ff 

9*76 

fi 

KO,SO» 

s 

•0271 

If 

f> II 

3*92 

II 

KS 

ca 

•0108 

If 

ff If 

9*58 

•» 

CaS 

tSi 

*0266 

If 

f» »* 


68'90 grms. salts == *1912 per cent, on the coke. 

Consequently a furnace consuming daily about 50 tons of coke would at the same 
time receive 60*47 kg. NaCl and 1*91 kg. KCI, which together would be capable of 
yielding 38*73 kg. HCl, so that the decomposition of only a small proportion of these 
chlorides would be sufficient to account for the damage done to the furnaces. 

The analysis above quoted agreesmoderatoly well with those of many lime-springs, 
the only difference being that the former exhibits a larger proportion of sulphates. 
Now such waters are known to exist in the Westphalian coal-districts, and their use 
for quenching the coke would account for the presence of chlorides therein ; and, in 
fact, since the use of these waters at the Concordia works has been discontinued, the 
destructive action above described has no longer been noticed (Chr. Meineko, Bingl. 
pol. J. ccxvii. 217). 

Analysis of White Fumes from a Blastfurnace near Longwy. — ^The ores used in 
this furnace are ferruginous oolite, with a matrix of clay-slate. They are reduced 
with coke, and with a blast heated to 500^-600°, in order to obtain black or grey pig- 
iron, like that from Scotch furnaces. Owing to the high temperature of the blast, a 
dense white smoke is evolved which incrusts the walls of the work. Tho portion of 
this crust which is soluble in wat?er consists largely of potassium sulphate, but no 
sulphide ; but the insoluble! part evolves sulphuretted hydrogen on treatment with an 
acid. On analysis, tho deposit was found to have the following compesition : 

Portion soluble in Water. 

K-CO* KCI Soluble SIO* 

3*90 1*52 0*12 = 43*36 

Insoluble portion. 

A1«0* FeO MnO MgO S 

9*62 4*00 0*16 0*36 not det. = 53*00 

Hygrometric Water = 3*20 

* 99-66 


The following is the percentage compositio:'. of the insoluble portion (exclusive of 
sulphur) compared with that of the slag : 


SiO“ 

Insoluble. 43*3 

CaO 

30*0 

A1"0* 

18*1 

FeO MnO 
7*6 0*3 

MgO 

0*7 

K*0 

s 

H»SO* 

— « 100 

Slag. 33*0 

43*7 

14-6 

3*6 

1*9 

17 

0-7 

0*2 =s 99*4 


4 c 2 


K*SO* 

37*82 


SiO* 

22*98 


GaO 

15*88 
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As the slag is more basic than the insoluble portion of the fume, it would appear 
that the latter is mixed with free silica; and on examination, it was found to contain 
fibrous silica, probably evolved as silicon sulphide, which, on exposure to moist air, 
was converted into fibrous silica. The potassium sulphate was probably due to the 
oxidation of volatilised potassium sulphide (L. Grunor, Compt, rend. Ixxxii. 559). 

Limit of the ' Carhuration of /row.— M. Boussingault (Compt rend. Ixxx. 850) 
infers, from experiments made by himself and by others, that the highest amoftit 
of carbon that iron can take up is 4*1 per cent., answering to the formula Fe*0. This 
compound may exist in the fused state, but undergoes dissociation, partly at least, on 
cooling, as shown by the appearance of graphite in the mass, so that the solidified 
iron may be regarded as a mixture of Fe^C with free iron and free carbon. The 
transformation of grey into white cast-iron appears to be due simply to the manner of 
cooling the metal, rapid cooling producing the white, and slow cooling the grey variety. 

2. Silicon in Piff-iron. — The form in which silicon exists in pig-iron has been 
investigated by E. H. Morton {Chem. News, xxix. 107). When the iron is dissolved 
in a dilute acid, the silicon remains in the form of silica ; and the same result is obtained 
on heating Bessemer pig with fuming sulphuric acid or with iodine in sealed tubes, 
the air of which has been previously displaced by hydrogen or carbon dioxide, the 
formation of silica being attended, in the one c;isc, with the formation of sulphur 
dioxide, in the other, when iodine is used, with deoxidation of carbon dioxide. The 
residue obtained on treating pig^ron with fuming sulphuric acid consisted of crys- 
tallised and amorphous silica, but did not contain a trace of free silicon ; neither was 
any silicon found in the residue left when the pig was dissolved in l^ydrofluoric acid. 
From these results Morton infers that the silicon in pig-iron is chemically combined, 
not merely mechanically mixed. When siliceous iron is decomposed by acids or by 
iodine, the silicon appears to bo oxidised at the moment of liberation ; free silicon is 
not affected by these oxidising agents. When pig-iron containing silicon is heated in 
a stream of hydrogen, the silicon is volatilised ; and by subsequently passing the gas 
into dilute potash-solution, acidukting this liqfuid, evaporating to dryness, and 
estimating the silica in the usual way, it was found that a pig-iron containing 4*612 
per cent, silicon yielded to hydrogen 0 344 per cent., while a second specimen contain- 
ing 4*704 per cent. Si yielded to hydrogen 0 494 per cent. Free silicon does not 
unite with hydrogen, so that in this case also it appears that a compound of iron and 
silicon is decomposed by the hydrogen. 

Investigations on iron rich in silicon have been made by Troost a. Hautcfouille 
(i4ww. Min. 1874, iv. 1). Iron of this description is employed in the Bessemer pro- 
cess, not only because it determines a higher temperature in the converter, but because 
the refining of it is not attended with so great a loss by sparkling as is the case in 
the refining of ordinary pig-iron. The emission of sparks is occasioned chiefly by the 
escape of gases contained in the pig-iron, but silicooiis iron is very poor in gases, and 
when refined in a current of air, presents an appearance similar to that of lead in 
cupollation. 

Fig-iron, heated in an apparatus made of refractory silicates, always yields carboo 
monoxide, and at the same time takes up silicon ; this shows that iron carbide has 
the power of decomposing silicates and separating the silicon from them : 


A pig-iron originally containing . . • . * 

contained, after 48 hours heating in a porcelain crucible 
f> ^ 24 „ „ gaize 

Globules of metal which penetrated into the gaize contained 

A cast-steel originally containing 

contained, after 24 hours heating in a hessian crucible . 
If If 11 If gaize ,, • 


61 

C 


0*21 

5*32 per cent. 

0*87 

5*20 

ff 

1*07 

3*20 

ff 

3*40 

— 

If 

010 

1*54 

fi 

026 

0*24 

If 

0*80 

0*70 

ff 


These results show that, to fuse iron without introducing silicon into it, the fusion 
must be effected in vessels of linle or magnesia. On the other hand, iron rich in silicon 
gives up a certain portion of that element when heated in a lime crucible. 

In the blast-furnace the absorption of silicon takes place only after the combination 
of the iron with the carbon ; that is to say, it begins in the boshes of the furnace, and 
is completed in the hearth. "It is especially from the silicates of the alkali-metals 
that iron takes up the largest quantity pf silicon. By fusing together crude potash, 
charcoal, iron filings, and silica, a regulus was obtained containing 15*16 per cent, 
silicon and 2 94 per cent, carbon. 

3. Manganiferous Cast iron. The varieties of these alloj^, containing not 
more than about 26 per cent, manganese, are known as Spiegeleisen ; those with 
higher proportions of manganese are named Ferromanganese. The following 
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tables (p. 1110) contain analyses of spiegeleisen. Table I. by E. Riley Soc. 

Jour, zzxii 7). — Table II. analyses of Carniola spiegeleisen by the Oarniola Company 
at Laibach, to which are appended determinations of the carbon by Riley. 

According to Riley’s analysis in Table L, the percentage of carbon increases on the 
whole with that of the manganese. The analyses by the Carniola Company show 
rather the contrary result ; but Riley’s analyses of the same spiegeleisens likewise 
sh^ an increase of carbon on the whole from about 16 to 50 per cent, manganese, 
th^gh there is a decrease in the carbon between the samples containing 35 and 40 
per cent, manganese. In the ferromanganese containing 73 per cent. Mn, the per- 
centage of carbon is higher than in any of the spiegeleisens. (For methods of analysis, 
seepp. 1103, 1104). 

Spiegeleisen is largely produced in Germany, Russia, and Sweden, and the ores 
from which it is obt-ined are of very different and peculiar characters. In Germany 
it is produced solely from spathic iron ores containing manganese ; in Russia from 
manganese oxides containing iron ; and in Sweden by fluxing a mixture of knebelite 
und manganiferous garnet (combired silicates of iron and manganese). An important 
point with reference to these ores is that, if the iron and manganese oxides are not 
in actual combination as carbonates or silicates, they are in a state of very intimate 
mixture : for whenever pure manganese ores are added to the blast furnace mixture, 
with the view of obtaining spiegeleisen rich in manganese, the result is always a 
failure, only a small fraction of the added manganese combining with the iron, while 
the greater portion is carried off in the slag. T% produce pig-iron rich in man- 
giinese, the manganese must therefore be added to the mixture in the form of a 
compound containing iron ; the reduction process is thereby facilitated, since a 
mixture of the oxides of manganese and iron is more eiisily reduced to the metallic 
state, and is thus enabled to unite with the iron of the charge. With manganese 
alone there is a great tendency for this metal to pass into the slag as a silicate, 
from which it cannot bo profitably recovered. To prevent this, the heat should 
be as groat as possible, and the reducing power of the furnace almost complete. 
The oxides of manganese are much less easily reduced, and require more* time and a 
much higher temperature than those of iron. In" the production of spiegeleisen, the 
following points should he especially observed: — , 

1. The manganese ore used should contain a large proportion of iron, in order to 
secure the easy reduction of a large portion of manganese. 

2. The furnace charge should be basic,' i.e.t an excess of limestone, or, better, of 
burnt lime, should be used. 

3. The draught of the furnace should bo much slower than in the ordinary process, 
in order to give more time for the reduction of the manganese. 

4. The furnace temperature should bo as high as possible, the air employed as hot 
as possible ; and as coke bears a stronger pressure of air and develops a greater heat, 
it is preferred to wood charcoal in this process. 

At Filipstad, in Sweden, spiegeleisen has been made by using native- oxides of 
manganese, especially Hausmannite, which contains 72 per cent, manganese. The 
iron produced contained only 4 per cent, manganese, the excess of the metal passing 
away in the slag. 

The ores employed in Germany for the manufacture of spiegeleisen are found in 
veins of the Devonian formation, on the east bank of the Rhine. They are spathic 
ironstones, which consist of carbonate of iron intimately mixed with carbonate of 
manganese. They further contairf more or less copper and iron pyrites, with traces of 
galena and zinc blende, and frequent occurrence of quartz. Analyses of the products 
of three different mines gave the following results : — • 

Stahlberg KirBchenbaum HutU 

p. c. p. c. p. c. 

Iron 41-70 42-58 42-21 

Manganese .... 8*16 6-46 8-70 

The well-known foliated texture of spiegeleisen depends more upon the amount of 
carbon contained in it than upon the amount of manganese. This structure is also 
better developed if tho iron, after running off, is covered over with slag, so as to 
allow it to cool more slowly. 

The following analyses show tho percentage composition of spiegeleisen manufac- 
tured with coke in Germany. 

C Si S Cu Mn 

(1) 4*129 0458 0-016 0-210 8706 

(2) 5*04 0-41 0-08 0 16 7o7 

(Forbes, Journal of the Iron and Steel Institute^ Feb. 1872). 


Pe 

86-929 

86-74 



Table I. Analyses of Bpiegeteisen (Riley). 
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The following are analysos of the best kinds of German spiegeleisen imported into 
New York in the years 1868, 1869, and 1873 {Dingl •poh J, ccxii. 350) 



1868 

1869 

1873 


p. c. 

p.c. 

^ 

p. c. 

p. c." 

p. c. 

p. c. 

Iron 

. 85*570 

84*455 

84-122 

84-869 



Manganese . 

. 9*112 

10*625 

10*568 

10-223 

11-130 

10*22 

Copper . 

. 0*032 

0*034 

0-036 

0*031 

0*279 

0*20 

Cobalt and Nickel. 

. 0-005 

0*005 

0*004 

0-002 

— 



Silicon . 

. 0*068 

0*368 

0*286 

0*384 

— 



Carbon . 

. 5-048 

4-304 

4-907 

4*461 

— 

— 

Sulphur 

. — 

0*002 

— 

0*001 

— 

— 

Phosphorus . 

. 0-037 

0-044 

0*014 

0-027 

0*039 

0-06 

Aluminium . 

. 0*082 

0*045 

0*032 

0-012 

— 



Calcium 

. 0*016 

0*016 

0*021 

— 

— 

— 


The Now Jersey Zinc Company manuftictiired in 1874 from throe furnaces 4,070 
tons of spiegeleisen having the following composition {JDingl. pol, J. ccxvii. 154) : — 

Fe Mn Si 0 P 

83-250 11-586 0-367 4*632 0*166 

83*22 11-67 0-99 4*02 0*19 


The function of manganese in iron metallurgy's explained by Troost a. Ilaute- 
feuille {Compt. rend. Ixxxi. 265) as follows *. Manganese unites readily with the im- 
purities of irfjn, giving rise to compounds whoso formation is attended with the 
evolution of a quantity of heat greater than that which is evolved in the formation of 
the corresponding iron-compounds. These manganese -compounds unite with oxygen 
more readily than iron- compounds, manganese oven taking oxygen from the oxides of 
iron. At the same time the manganese in oxidising develops an amount of heat which 
greatly facilitates the formation of slag. 

On the Decarliuration of Spiegeleisen^ see W. Baymond {Lingl. pol. J. eexx. 60 ; 
Jahresb.f. Chem. 1876, 106). 

4. Manufacture of Pig-iron eontainitig Manganese and Phosphorus 
(Lc Chatelier, Bingl.pol. J, eexvi. 342). — ^Near lii^ge there occurs an iron ore which 
yields a pig-iron containing 4 per cent, of phosphorus^and when this ore is mixed 
with a manganiferous iron ore, found near Nassau, containing 15 per cent, manganese 
and 33 per cent, of iron, a pig is obtained, which easily gives up the phosphorus in 
puddling. At Grovign^e, 1,000 kilos, of coke, 1,500 kilos, of ordinary, and 500 kilos, 
of manganiferous ore are used for an iron containing manganese ; and for ordinary pig- 
iron, 1,000 kilo.s. of coke, 850 kilos, of lime, and 2,600 kilos, of ordinary ore. Three 
different sorts of pig-iron are manufactured, one containing more than 6 per cent, of 
manganese, which, wlien broken across, show's mirror-facets ; another with 3 to 6 per 
cent, of manganese, but with facets so small as hardly to be visible ; and the third 
contains less than 3 per cent, of mang-anese. The slags are green in the interior, and 
brown on the outside. They contain \ to ^ of the amount of manganese in the ore. 
If much lime is added, a white pig is formed, rich in manganese. 

The following are analyses of these pig-irons and their slags : 



a 

ft 

. e 

Pig-iron 
d e 

f 

g 

h 


. 3*5 

— 

— 

6*29 2*25 

2*12 


— 


. 1-0 

0*6 

— 

0*7 0*98 

0*97 

0*213 

0*376 


, — 

not determined 0*009 

0*05 • 

0*04 

— 


. 1-6 

1*09 

1*46 

— 1*20 

0*62 

1*84 

2*804 


. 2*3 

304 

1*60 

6-27 2*65 

2*73 

0*279 



, — 

— 

— 

— 0*03 

— 

— 

— 

SiO- 

a. Grcvignt^c; ft, e, d. Ougrto; e,/. Dolhain; h. Espdrancc. 

Slags 

. . . . 32-75 35-00 39*00 

d 

38*00 


CaO 



. 36*00 

45*00 

40*00 

41*00 


MgO 



. 9*77 


— 

— 


APO> 



. 17*82 

13*00 

12*00 

14*60 


FeO 



. 0*93 

3*76 

2*17 

2*17 


MnO 



. 1-21 

0*50 

2*00 

1*60 


S . 



. 0*74 

0*59 

— 

0*45 


p50» 



. — 

0*36 

1*625 

0*20 


a. Slag from pig-iron containing 6 per cent, of inangancsc! ; ft, r 

d. Slag from Esptrance. 
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On the Conversion of this Pig-iron into Wrought Iron and Steel, see p. 1116. 

5. Iron containing Copper, — ^Wrought iron containing.some tenths per cent, 
of copper is known to bo red-short ; nevertheless,* some of the best irons from Siberia 
have been found to contain from 0-01 to 0*03 per cent, of copper. Some specimens of 
steel contained 0*2 per cent., but the steel was not brittle, and had been used with suc- 
cess for the manufacture of steel axles. Specimens of cast iron from the blast furnaces 
of the South Ural rabuntains showed that the presence of copper in cast iron may amount 
to a higher percentage than in steel or iron, without altering the quality of the metal. 
The following is the composition of this peculiar sample of cast iron : 

Fo Cu Sn Co Si Ni C Mn 
^ 83-614 8 123 1-252 0-601 0-962 0-125 3 001 2-312 * 99-780 

(S. Kern, Chemical News, xxxiv. 78). 

Leithnor (Dingl. pol. J. ccxi. 349) utilises the residues from the cupriferous 
pyrites which have been used in sulphuric acid works to generate sulphurous acid, for 
the preparation of a cupriferous iron to be employed in the precipitation of ‘ cement- 
copper.' The burnt pyrites is freed as far as possible from sulphur by a second 
rousting close to the blast-furnace, then mixed with lime and smelted. The cupri- 
ferous pig-iron thus obtained yields up its copper to the solutions from which it 
precipitates the copper. 

6. Malleable Cast Iron (2nd Suppl. 696). — The chemical changes which take 
place in the manufacture of this kind of iron by heating ordinary cast iron in a bed of 
smithy scales, have been examined by Eussell Davenport (Mechanic^ Magaeine^ 1872, 
p. 392 ; Dingl. pol. J. cevii. 51). The samples examined were a quartgr of an inch 
thick, and were analysed both before ignition and after each of two heatings. The 
following numbers represent mean percentages ; 


Casting No 1 

Silicon 


Before 
ignition 
. 0-445 

After first After second 
ignition ignition 

0*438 0-449 

Phosphorus 


. 0-315. 

0*327 

0 315 

Manganese . ! 

4- 

. 0*529 

0-585 

0*525 

Sulphur 

• 4 . • 

. 0*059 

0067 

0*083 

Total carlwn 

• • 

. 3-43 

1*51 below 

0*10 

Casting No. 2 

Silicon 


. 0*685 

0*614 

0*614 

Phosphorus 


. 0-280 

0-290 

0*295 

Manganese . 


. 0-585 

0-616 

0*575 

Sulphur 


. 0-105 

0-147 

0*162 

Total carbon 


. 3-48 

0-43 below 

0-10 


These numbers show that the proportions of silicon, phosphorus, manganese, and 
sulphur in pig iron are not essentially altered by ignition ; the slight increase of 
sulphur is derived from the fuel. The carbon is wholly removed by heating the iron 
to redness in contact with ferric oxide, the burning out of the carbon proceeding from 
without inwards. After the first heating the castings exhibit a black nucleus sur- 
rounded by a white crust nearly free from carbon. In the dark nucleus (technically 
called the ‘ heart ’) graphite was recognised, although the pig-iron was originally free 
from it. After the second ignition the entire ingot had become white. Many of the 
castings after ignition were extremely brittle, and exhibited a coarsely crystalline 
texture ; nevertheless they were not found to differ chemically in any respect from 
good iron. 

7. Solution of Gases in Cast Iron . — .1. Tarry (Amer. Chem.vi, 107) finds 
that grey cast iron absorbs hydrogen to the amount of 20-22 times its bulk. On 
ignition in a vacuum, the hydrogen is given off, together with CO and CO-. When 
volatile metals (zinc, cadmium, bismuth, magnesium, and even cobalt) are 
heated in a vacuum with iron, their vapours are taken up by the iron. On again 
heating the iron in a vacuum, the Volatile metal is given off and deposited as a 
sublimate on the side of the tube. 

Parry (ibid. iv. 254) has also examined the gases absorbed by spiegeleisen, white 
and grey pig-iron, bar-iron, and steej during the processes of manufacture. By heat- 
ing these several forms of iron in the vacuum of a Sprengel pump, it was found that : 

50 grams of spiegeleisen yielded in throethours 12 c.c. gas at 15^ and 760 mm. 

50 grams white pig gave in 6^ hour.<4, 13 c.c. gas. 

37 grams of bar-iron gave in two hours, 9*4 c.c. gas. 

4-76 grams grey pig gave in two hours, 15’81 c.c. gas. 

10 grams steel gave in two hours, 18-4 c.c. gas. 




OASES IK 

■> ^ 

OAST 

laoN. 
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Percentage Composition of the Gases, 





co» 

CO 

H 

N 

From Spiogeleiscn 

* 

0*942 

17*87 

81*105 

— 

„ White pig . 

. . . 

6*800 

2*32 

84*000 

6*88 

„ Bar iron 

. • 

9*920 

34*262 

54*100 

1*718 

„ Grey pig . 

. . . 

1*600 

5*200 

89^700 

3*250 

„ Steel . 

. 

16*550 

24*352 

52*610 

6*488 


The experiments of Troost a. Hautcfeuille {Campt. rend. Ixxvi. 482, 5C2) on the 
action of iron carbide on siliceous compounds (p. 1110) show that, in order to study the 
absorption of gases by iron, it is necessary to employ a vessel free from silicon ; they 
therefore employed vessels made of carbon. 

Cast iron raised to a high temperature in a carbon boat in an atmosphere oi 
hydrogen undergoes tranquil fusion ; there is no disengagement of gas and no pro- 
jection of the metal. Jhit if, after it has remained for some time in this atmosphere, 
the pressure of the hydrogen be rapidly diminished, the disengagement of gas is ren- 
dered evident by the projection of globules of mctil and particles of graphite, and if 
the temperature be allowed to fall at the same time, the metal solidifies during the 
disengagement of gas, and the surface of the ingot is rough. The solubility of hydro- 
gen in cast iron is much diminished by the presence of phosphorus or siliciuin 
(especially the latter) in the metal. Carbon oxide is much less soluble than hydrogen 
in cast iron, more especially in highly carburettod ?ton. 

These results were confirmed by extracting the gases dissolved or enclosed in pig- 
iron. A cylinder of the metal weighing 500 grams heated to 800° in a vacuum gave 
cif in 190 hours 16*7 c.c. of gas consisting of 

Carbon dioxide Carbon oxide Hydrogen Nitrogen 

0*6 2*8 12*3 1*0 

The greater part of the carbon oxide was disengaged in a few hours, while the 
hydrogen was much more forcibly retained. , * 

The same cylinder of cast iron was afterwards heated to 800® for 48 hours under 
a pressure of 770 mm. (1) in hydrogen, and (.2) in carbon oxide, and after each 
operation placed in a vacuum for 170 hours. The gases extracted in the two cases 


were — 

Carbon oxide 

Hydrogen 

Nitrogen 


(1.) M 

44*0 

1-6 = 46-6 C.C. 


(2.) 14-7 

1*5 

0-7 = 16-9 „ 


Ilenco the order of solubility is the same as in the fused metal. 

To ascertain the effect of different proportions of carbon in the metal on tho 
solubility of the gases, comparative experiments were made with cast steel and 
soft iron. Cylinders of these metals, each weighing 500 grams, when heated to 800° 
in a vacuum, gave off the following gases : 


Cast steel 
Soft iron . 


Carbon Carbon 

dioxide oxide Hydrogen Nitrogen 

, 0*05 1-4 0*5 0*25 =• 2*2 c.c. 

. 2*20 10*8 4*4 1*1 = 18-5 „ 


These cylinders were heated to 800° (1) in hydrogen, and (2) in carbon oxide, and 
afterwards placed in a vacuum, as in the case of the cast-iron cylinder. The gases 
extracted were — 


From cast steel 
From soft iron 


( 

l(l-) 

Carbon oxide 
0*9 

Hydrogen 

6*4 

Niti*ogen 
O'rf =: 

7*8 c.c. 


1(20 

2*0 

0*8 

0*4 = 

3*2 „ 

• j 

i(lO 

0*6 

10*0 

3*3 - 

13*9 


!(2.) 

13*7 

0*2 

0*1 = 

14*0 


Steel retains the last traces of hydrogen much more forcibly tlian cast iron, not- 
withstanding that when saturated with tho gas it gives off a portion at tho ordinary 
temperature, in this respect resembling pcilladium. Soft iron retains carbon oxide 
more forcibly than it retains hydrogen, contrary to what is observed with cast iron 
and steel. 

Tho evolution of gases from pig-iron has alsc* been examined by A. Ledebur 
(Chem. Centr. 1873, 810), who attributes it to three causes : 1. Gases absorbed by the 
iron in tho blast-furnace are given off in consequence of u'he reduction of pressure 
which takes place when the furnace is tapped. An alteration in the constitution of 
the metal during cooling may also give rise to tho escape of dissolved gases. The 
greater tho proportion of graphite in pig-iron, the smaller is the quantity of gas which 
it gives off. lion rich in carbon takes up chiefly gases containing a large proportion 
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of hydrogen ; iron poor in carhon, especially in cotehiued cuhon^ takes np chiefly 
gases in 'which the carbon predominates. 2. Evolution of gases also takes place in 
consequence of the contact of the molted iron with the air. The movement observed 
on the surface of the cooling iron is well kdown to» be due to oxidation, a crusty of 
ferroso-ferric oxide, silica, and oxides of manganese forming on the surface, breabng 
up, and being continually reproduced. This very basic slag may act upon the fused 
carburetted iron in such a manner as to give rise to the formation of cp,rbon oxidjt 
3. Gases may bo produced by the action of the fused iron on the sides of the mould. 
Even very carefully dried moulds contain small quantities of water, which is converted 
into vapour as the iron runs into the mould, and the steam passing through the molten 
iron gives rise to the formation of hydrogen, hydrocarbons, and hydrogen sulphide. 
The presence of this last gas is shown by the frequently observed occurrence of 
sulphur dioxide in the combustion of the gas which escapes from the iron. 

Gases from 8picgeHscn.--WiS alloy, in flowing from the blast-furnace, gives out 
a much larger quantity of gsis than ordinaiy pig-iron. The latter runs into the 
channels with vivid sparkling, and gives out only a few gas-bubbles in solidifying, 
whereas spiogoleisen appears tx) be covered with a film of gas, and gives out a largo 
quantity at the moment of solidification. The gas burns like hydrogen, not like 
carbon dioxide. The appearance just described may be imitated by slowly facing 
200 grams of spiegeleiscn in a lime crucible under the oxyhydrogen flame, then adding 
to the very hot bath 100 grams more, and removing the cover from the crucible as 
soon as this latter quantity is rtclted. In this case also, tho shining metal-bath 
appears to be covered with a veil of gas, which may most readily be seen by placing 
the eye on a level with tho specular surface of the metal. Gas-bubbleg are then seen 
to escape from time to time from the metal, and for a moment increase the height of 
the flame. At tho moment of solidification, the metal spits and gives off a considerable 
quantity of hydrogen. Spiogeleisen, after solidification, retains a much larger qiuiritity 
of gas than ordinary pig-iron. 600 grams of tho two heated in a vacuum to 800° 
gave : • 

Carbon Dioxide* . . .* . 

,, Monoxide 

Hydrogen ...... 

nitrogen 


Pig-iroii 

Spio^folcisen 

0-6 c.c. 

0 0 c.c. 

2’8 „ 

00 „ 

12-3 „ 

27 0 „ 

10 „ 

2*6 „ 

16-7 

29*6 


The carburetted manganese obtained by reduction of tho oxide by charcoal in a lime 
crucible, absorbs, when heated to redness in a flame of hydrogen, a larger quantity of 
this gas than iron containing an equal proportion of carbon. Hence it appears that 
manganese increases tho capacity of iron for absorbing hydrogen, but diminishes its 
power of absorbing carbon monoxide (Troost a. Hautcfeuille, Compt. re'nd. Ixxx. 909). 

8. Absorption of Heat by Pig-iron^ Slags, and Steel at High Tempera- 
tures, The following numbers denote units of heat absorbed by a unit-weight of 

the substance ; they were determined with a water-calori meter, and represent minima, 
inasmuch as small losses of heat were unavoidable. 1. TIio several variotios of grey 
pig, as they run from the furnace, take with tlicm only 280 to 286 hofat-units, but 
while in the hearth they often contain from 300 to 310 units. 2. White pig under 
the same circumstances contains 20 units loss. 3. Giey pig at its solidifying point 
contains 244 to 245 units, and iifimediatcly after solidification 221 to 222 units. 
4. White pig at ite solidifying point retains 226 to 236, and immediately after solidi- 
fication 192 to 203. The several varieties of white pig have therefore a latent heat 
of 32 to 34 units, the grey only 23 units. 6. The slags contain ^ as much heat as the 
iron, in the case of grey iron therefore 600, and in that of white iron 460 heat-units 
at the moment of tapping. 6. Tho latent heat of tho slags is about 60 units. 
7. Bessemer steel obtains by refining 30 heat-units more than pig-iron ; fused 
steel often contains only 300 units. 8. The melting points of these '^rietics of 
iron and steel, as determined by Gruner, agree with those observed by Ponillet: 

White pig-iron melts at 

Grey siliceous pig-iron , . 

Cast steel 

White pig-irons running from the furnace have a temperature of 
Grey pigs have a temperature of. 

Bessemer steel attains in the converter, at tlio moment of refining, a 
temperature of at least 

(L. Gruner, Ann. Min. [7], iv, 224 ; Dingl <pol. J. ccxii. 627). 


1060°-1100° 

1200 ° 

1360°-1400° 

1250°-1300° 

1360°-1450° 

1600° 
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II. Wrougrlit ZroB. I. "Refining of Rig-iron, — A. Warner purifies pig- 
iron by subjecting it in the fused state to the action of a mixture of soda (sodium 
carbonate) and lime, using fqt each 1 per cent, of silicon to be removed, 20 kg. soda 
and an equal quantity of lime to a ton of iron. The lime being divided and distributed 
by the melting soda comes into intimate contact with the iron, and abstracts its silicon 
and sulpW. The action, which is energetic, lasts for twenty to thirty minutes, and 
^wo slags, consisting of silicates and sulphides, collect on the surface, below which the 
iron is tapped off. Iron thus refined contains only 0*04 per cent, sulphur and 0*10 to 
0*14 silicon {Difigl. pol. J. eexvi. 490 ; Engineering, 1876, 132). 

According to a later communication by 13. Eigo (Lingl, ccxviii. 125), Warner 
endeavours to effect the removal of silicon and sulphur hg means of various mixtures^ 
of sodium carbonate and infusible substances. lie uses ; a, 2 pts. by weight of soda 
and 3 pts. of feri.' ic oxide ; 1 ton of pig-iron of 1 per cent, silicon requires 40 kilos, of 
the mixture — 6. 1 pt. of soda and 2 pts. of oxide of manganese, 40 kilos, being required 
for 1 ton — c. 3 pts. of soda and 2 pts. of slaked lime ; 1 ton of iron requires for every 
per cent, of silicon 38*5 kilos, of the mixture — rf. 1 pt. soda and 2 pts. of fluor spar 
this flux, however, cannot in general be recommended, though it answers well in 
special cases. Sodium carbonate, owing to its price, is added only in quantity abso- 
lutely necessary to obtain the desired object of bringing the action of the cheaper and 
specially refining agents into full operation. 

2. Ruddling. — A report on the progress of Mechanical Puddling (2n(? Suppl. 
697) has been published by P. Tunner {Dingl. pol. J. ccxiii. 123). Eiley a. Henley 
have adapted a principle, first laid down by J. v. Ehrenwerth, to the constmetion of a 
mcchaniciil peddling furnace, in which a horizontal circular chamber revolves round a 
vertical axis under an arch similar to that of the ordinary puddling furnace. A 
great improvement in this furnace has been made by Pernot, who inclines the circular 
chamber towards the working door in such a manner that during the rotation part 
of the inclined hearth remains uncovered by the iron and slag. This part of the 
movable hearth, which projects into the hot air-stream, is subjected to powerful 
oxidation, but the oxidised products are immediately taken pp by thb bath of metal, 
slag, &c. With Pernot’s furnace, the stirriii^, or puddling, properly so called, is 
performed by machinery, but the bolting up effected in the ordinary way. At the 
works of Petin a. Gaudet in St. Ohamond, a furnace thus constructed yielded in a week 
(with eleven 12-hour shifts), 600 centners of puddled iron, whereas an ordinary hand- 
puddle furnace yields only 240 centners. 1000 kg. wrought iron were produced from 
1030 kg. pig-iron (in the ordinary puddlo-furnaco, 1200 l^.of pig would bo required); 
and the consumption of coal was reduced from 1600 to 1200 kg. 

On Hanks’ puddling furnaces, see J. M. Drown (Engineering and Mining Journal^ 
xvi. Ho. 6; Chem. Centr. 1874, 107). 

A now method of converting pig-iron into wrought iron and steel is described by 
P. C. Knowles (Monit, scient, [3], iv. 334). He endeavours to obviate the chief 
inconveniences of the ordinary puddling process (great loss of heat, waste of iron by 
burning, imperfect purification of the iron) by separating the heating from the chemical 
process: (1). By the production of a very basic .slag containing not more than 
30 per cent, silica ; (2) by the use of caustic soda and pure ferric oxide, with the view 
of removing sulphur and phosphorus from tho iron ; (3) by the use of sodium nitrate 
or permanganate as oxidising agent. Gaseous fuel is used, consisting of carbon 
monoxide mixed with air heated to 500®. The carbon oxide is either obtjiincd from 
tho furnaces in which the iron is remelted witb^coke or anthracite, or it is produced 
by passing carbon dioxide obtained by ignition of limestone over red-hot coke ; or, 
lastly, by tho action of water-vapour on charcoal. The carbon* oxide and air are 
mixed in such proportions as just to bum tho whole of tho carbon to dioxide.. This 
carbon dioxide may bo reconverted into the monoxide, and the alternation repeated 
till the mixture becomes too rich in nitrogen, after which the heat of tho burning 
gases may be utilised for heating boilers, lime-kilns, &c. 

The iron in the fused state is brought into the furnace, which is made of cast iron 
and has its walls kept cool by a stream of water. To avoid presenting too much 
silica to the slag, this furnace has no lining of fire-clay, but is lined internally with a 
kind of enamel made of ferrous or manganous oxide, emery or bauxite, and a small 
quantity of caustic soda: this lining is said to be very durable. Powdered ferric 
oxide (hematite) is introduced into the furnace, together with the melted metal, and 
tho mixture of carbon oxide and air is introduced through the bottom of the furnace, 
whereby a sufficiently uniform mixture of the contents is effected. As soon as tho 
silicon of the pig has been converted by this treatment into a slag, the latter is removed 
and replaced by a mixture of caustic soda and manganiferous iron ore free from silica. 
The pig-iron having been freed by these reagents from carbon, sulphur, and pho.sphoru8, 
is run into moulds, then cooled by water, and w’orked under rolls, hammers, &c. 
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Manufacture of Wrought Iron and Sted from Pig’^ron containing Phosphorus and 
Manganese (p. 1111). — The iron is refined in puddling furnaces, the waste heat being 
used for heating ^ team-boilers. The charge used is a mixture of manganiferous iron 
with white pig, made from somewhat purer ore than that which yields ordinary- 
pig-iron, and usually contains less than 1 per cent, of phosphorus. When the iron 
contains not more than 5 per cent, of manganese, it is sometimes puddled alone, but it 
is more generally mixed with white iron contoining less than 1 per cent, of phos- 
phorus. The charges consist of 200 to 225 kilos.; for :best sheet iron, 175 kilos.^ 
of Bpiegeleisen containing 7 per cent, of manganese and 50 kilos, of white pig, or 50 
kilos, of German spiogcleison containing 12 per cent, of manganese and 175 kilos, of 
white pig-iron ; and for second quality, pig-iron with 5 per cent, of manganese, 
the action is carried on at a high temperature, and at such a rate that only four 
charges of 900 kilos, of pig-iron are refined in twolTe hours. The loss, of iron amounts 
to 5 per cent. The production of 1 pt. of fine-grained iron requires the consumption 
of 1 pt. of coal. The manganese facilitates the purification of the iron, chiefly by 
forming fusible slags. The strongly Imsic properties of the manganous o|ddo are said 
also to promote the formation of acids from the impurities in the iron. 

At the Terre-Noirc Works near St. Etienne in France rails are manufactured from 
iron containing phosphorus. A white iron (not steel) is.produced by melting pig iron 
with old rails, — both irons must be poor in silicon, — ^removing the impurities by 
oxidation, and reducing the oxidised iron by the use of an alloy of iron and manganese 
containing from 40 to 60 per ccnt%,of the latter metal. Almost the whole of the 
carbon is then removed, and a product is obtained which makes excellent rails (Chem, 
Centr. 1876, 709). 

On the separation of Carbon, Silicon, Sulphur, and Phosphorus, in the 
Eefining and Puddling Furnace, and on the Bessemer Converter, see J. L. Bell {Journal 
of the Iron and Steel Institute^ 1877, 390 ; IHngl. poL J. ccxxv. 264, 367 ; Chem, Soc. 
J xxxiv. 95). 

3. Preparation of Malleable Iron and Steel direct from the Ore , — 
The rotatory furnace invented for this purpose by Dr. 0. W. Siemens, and the mode of 
working it, have already been described (2nd Suppl, 701-704). In the Journal of the 
Iron and Steel Institute, 1875, Dr. Siemens nas given an account of the results 
obtained at the Towcester Works, where three rotatory furnaces have been erected. 
About 30 cwt. of ore mixed with 9 cwt. of small coal having been charged, the furnace 
is rotated for 2^ hours ; the slag is then tapped, and the speed of rotation increased 
to ball up the iron. The balls formed contain about 70 per cent, of iron and 30 per 
cent of. cinder, but it is found that the particles of iron are pure metal, although the 
slag may contain 6 per cent, or more of phosphoric acid and from 1 to 3 per cent, of 
sulphur. The bulk of the cinder is removed by shingling, but sufiScient remains to 
impart to the fracture a dark appearance without any sign of ciystallino texture. The 
metal in being worked shows what may be termed * slag-shortness.’ By repiling and 
reheating, crystalline iron of great purity and toughness is produced. 

The following table shows the composition of some of the irons produced : — 




1 

2 

3 

4 

6 

6 

7 

Fe 


98‘30 

98-73 

99-46 

98;97 98-909 

— 

90-907 

Si 


•745 

•243 

•643 

•665 

•582 

— 

•640 

C 


— 

— 

— 

•235. 

•225 

•15 

•100 

P 


•08 

•032 

» -03 

•019 

•02 

— 

•128 

s . 


•066 

•071 

trace 

•085 

•106 

•09 

•035 

Mn 


•1^4 

•101 

trace 

•126 

•168 

— 

trace 



8 

9 

10 

11 


13 

13 

Fe 


99-128 

99*728 

— 

99-711 

99-278 

90-199 

Si 


•717 

•932 

— 

•065 


•316 

•4 

c 


trace 

trace 

— 

•12 


•12 

•15 

p 


•125 

trace 

■ •024-172 

•077 


•073 

•06 

s 


•03 

trace 

— 

•27 


trace 

trace 

Mn 


•228 

•34 

— 

trace 


•213 

•201 


Fe 

Si 


14 

. 15 

16 

17 

18 




! • *316 

•166 

•23 

•026 

■027 



G 


. trace 

trace 

trace 

•1 

•1 



P 


. -019 

•046 

•083 

•09 

•093 



S 


. trace 

trace 

•06 

•021 

— 



Mn 

• • 

. trace 

trace 

truce 

trace 

— 
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1. Hamiuered iron.— 2. Iron from Canadian ore. — 3. Iron from Towcostor ore. — 
4. The same well rolled.— 6. The same badly rolled.— 6. The same badly hammered, 
containing slug. — 7. Chatterloy.— 8. Towcester iron, rolled — 717 Si corresponds to 
1*54 per cent, of slag. -9. Iron from Indian ores. *932 Si corresponds to 2 per cent, 
of slag. — 10. Phosphorus in Towcester iron. — 11. Homogeneous iron, from Towcester 
iron.— 12 and 13. Towcester iron, rolled. — 14. Towcester iron-bloom, containing 317 
^percent, slag. — 15. Iron, fractured bloom, crystalline texture, rlag 1*58 per cent.— 
16. Iron, fractured blooin, texture fibrous and dull, slag 2*61 per cent. — 17 and 18. 
Iron remelted in the refinery. 

Attempts to prepare 'malleable iron and steel by Siemens' method at Privali are 
described by v. Frey (DingLpol. J. eexvii. 69). , 

Blair’s method of preparing malleable iron direct from the ore is described by 
F. Tunner {iUd, eexvi. 304 ; Jahresb.f, Chm. 1876* 1017). 

4. Fibrous Iron. — H. Le Chatelier observes (Compt. rend, Ixxxii. 1057) that when 
fibrous ironlis heated to dull redness in a stream of chlorine, there remains, after the 
volatilisation of the iron chloride, an extremely thin, greenish-white network com- 
posed of threads of slag, and to the enclosure of these threads in the mass of iron he 
attributes its fibrous structure. This network of threads appears to be formed when 
the slag is difficult of fusion and the iron is puddled at a comparatively low tempera- 
ture. Fibrous iron smelted with charcoal from the Jura was found to contain 07 
per cent, of this slag; fibrous charcoal -iron from^Belgium yielded 1*3 per cent. 

6. Cause of Brittleness in Wrought Iron. — F. Kick (Bingl. pol. J. ccxiii. 
358) obsorvQS that the molecular change in wrought iron which results in brittleness 
is brought about, not only by frequent agitation, but also by sudden cooling from a 
high temperature. Boiler plate If) mm. thick heated not quite to redness, and then 
quickly cooled in water, exhibited a crystalline layer 1 mm. thick on each side of the 
nucleus, which had remained fibrous. Kick is of opinion that this change of structure 
may lead to the bursting of steam-boilers. 

On Homogeneous Iron and the degree of Homogeneity to be .expected in Iron 
produced by various systems of Puddling a^d subsequent Working, see Engineer^' 
may 11, 1877, and Chem. 8oc. J. xxxiv. 2537x257 ; also IHngl. pol, J. eexxvi. 394; 
Chem. Soc. J, xxxiv. 257. 

6. Burnt Iron {2nd Suppl. 700). — ^According to H. Caron {Compt. rend. Ixxvii. 
836) burnt iron may bo regenerated, that is to say, restored to the state of malleability, 
by plunging it, while rod-hot, into a saturated solution of common salt, till its tem- 
perature is reduced to about 110®. 

7. Soft Iron. — J. A. Cabell {Chem. News, xxx. 142) has analysed iron found in 
crystalline granules on the wall of *a welding furnace, in which Heaton steel had been 
hciited for forging. This iron was soft, easy to file and saw, did not become hard by 
sudden cooling, and showed indeed all the properties of bar iron. Sp. gr. 7'86. Its 
composition was remarkable, as shown by the following analysis 

C Si S P Fo 

1*121 0024 0*037 0*436 98*382 = 100. 

8. Spongy Iron (G. Lunge, Bingl. pol. J. ccxix. 325). — The preparation of 
this kind of iron, which is extensively used for the reduction of cement-copper, requires 
the uniform heating of an extended porous mass. This is effected by heating the 
ore and reducing agents in a reverberatory furnace having a very^wido horizontal sole. 
Vertical partitions divide the over-arched heating space into three parts, each 
provided with two working doors in the side walls. These divisions are filled 
through doors in the arched roof, on which the materials have been previously 
warmed, and they are emptied by pipes passing downwards from the working dpors 
in the sole ; these pipes may be connected with conically widening collecting vessels 
which can be tightly closed. The grate, situated 1 *422 m. below the fire-bridge, 
admits of a thick layer of fuel and thereby ensures a constant reducing finme. The 
fire-gases, after leaving the furnace, pass over the sole, composed of chamotte tiles, 
and finally arrive at the reducing furnace. The furnace, which is misod to a bright 
red heat, admits of the introduction in each division of 20 ctr. of dry * purple ore * 
(impure ferric oxide from the copper extrjiction) mixed with 6 ctr. of comminuted 
and sifted coal to reduce it. The proc(»^>s is completed in nine to twelve hours in the 
first division, in eighteen hours in the second, in twenty-four hours in the third 
division, and requires in these intervals repeated working of the materials with closed 
furnace doors. The spongy iron, after cooling in the collecting boxes, is ground, 
sifted, and used for the precipitation of copper. 
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9. Bronzing of Iron, — ^For this piu^ose Ph. Hep recommends, in place of a 
film of ferric oxide, which is difficult to prince, the formation of a film of ferroso- 
ferric oxide. This is produced by smearing the surface of the iron with linseed oil, 
and then heating it, or if a strong heat is inadmissible, dipping the uniformly oxidised 
article into water at lOO^’. Still more quickly is the bronzing produced in an add 
bath of ferric chloride. The forroso-ferric oxide which forms after a while attaches 
itself closely to the surface on immersing the object in hot water, and after drying 
may bo rubbed in with linseed oil or wax. It is true that objects bronzed with 
ferroso-ferric oxide are liable to rust after some time, but the bronze-surface does 
not peel off, and the rust is easily brushed off. 

Iron surfaces may also bo protected by forming cuprous sulphide upon them. 
xov this purpose the objects, after being cleaned, are dipped in solution of cupric 
sulphate, and as soon as a thin film of copper is formed on them, th^ are rinsed with 
water, and treated with a slightly acid solution of sodium thiosulphate, whereby a 
black deposit of cuprous sulphide is formed. The surface, after drying with blotting 
paper, and treatment with the burnishing stick, exhibits a steel-blue Aimmer, and 
withstands satisfactorily the action of atmospheric agents. 

10. Coating of Iron with other Metals, — (1). With Copper. The follow- 
ing methods are described by A. Gaudoin (JHngl. pol, J, ccviii. 60). a. The required 
quantity of copper is fused in a crucible ; the metal bath is covered with a flux of 
cryolite and phosphoric acid ; and the iron, after being heated to the temperature of 
the bath, is dipped into it. — b. A m'iXturo of 1 pt. dry chloride or fluoride of copper, 
and 6 or 6 pts. of cryolite, to which * a certain quantity * of barium chloride may be 
added, is fused, and the iron, after being cleansed with acid, is dipped i&to this bath. 
The deposition of the copper may be accelerated by a voltaic current. — c. For the 
coppering of iron in the wet way, a strongly acid solution is required. An excellent 
bath for the purpose is made by dissolving cupric oxalate and a large excess of 
potassium bi- or quadroxalate in a ten to fifteenfold quantity of water. In this case 
also the aid of the current is advantageous. 

, On the Coppering of Cast Iron Eoll^jrs for Calico-pfinting, by Electrolytic deposi- 
tion, see G. Schaffer {Bull. Soe. industrs. de Mulhouse, xliv. 120; Jahresb. f. Chem, 
1874, 1093 ; Chem. ^c. J. xxviii. 196)* 

(2) . With Zinc. The iron is first cleansed with dilute sulphuric acid, and 
immersed for a time in water mixed with milk of. lime. It is then dipped, first into 
a solution of zinc chloride (prepared by saturating common hydrochloric acid with 
zinc) containing a quantity of sal-ammoniac equal to per cent, of the weight of the 
zinc chloride. In this solution the iron becomes covert with a thin coating of zinc, 
the thickness of which may bo increased by immersing the dried iron in fused zinc 
till it has acquired the temperature of the bath {Dingl. pol. J. cevii. 310). On the 
* galvanisation ’ of iron, see also F. A. Thum {ibid, eexvi. 339). 

(3) . With Nickel. The bath used consists of a 6 to 10 per cent, solution of zinc 
sulphate containing a quantity of nickel sulphate sufficient to give it a bright green 
colour (Bohm, Ber. 1876; Jahresb. f. Chem. 1870, 1103). According to Hess 
{IHs^l. pol. J. ccxxii. 256) the nickel bath used by Plazanet consists of 87’5 grams 
nickel sulphate, 20 ammonium sulphate, 17*5 citric acid, and 2 litres of water. 
^According to Boden {iUd.), a nickel bath much used in France is prepared by dis- 
solving 4 pts. nickel nitrate in 4 pts. aqueous ammonia, and 1 60 pts. water holding 
in solution 50 pts. of acid sodium sulphite. With the. aid of a very feeble current 
the deposition is completed in a few ndnutes. There is no necessity for interrupting 
the process in order to clean the surface and thereby ensure the desired thickness of 
the deposit ; the nicKelled objects merely require to be dried in sawdust. 

(4) , With Tin. Iron tacks maybe tinned by triturating zinc chloride with a 
considerable quantity of oil ; heating the mixture in a swinging pot ; then adding 
the tacks, together with the requisite quantity of tin ; after a few seconds the tinned 
tacks are withdrawn by means of a wire net and thrown into water (J. Wiley, Berl, 
Ber. vii. 1465). 

(6). With Gold and Silver. To obtain iron capable of being directly silvered 
or gilt, Delatol {Dingl. eexv. 471) adds to 1,000 pts. of cast iron, 12 pts. nickel, and 0*6 
pt. manganese. Objects made of this alloy require merely to bo cleansed with milk 
of lime, and may then be plunged inf'O the following baths. 
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Qoldrhath. 


SUver-bath, 


Water 

Sodium Bi(»rbonate . 
Sodium Pyrophosphate 
Auric Chloride . 
^dium Cyanide 
hydrocyanic Acid . . 


100 pounds. 
4} .. 

1 oz. 

1 » 

2 drops. 


Water 

Sodium Bicarbonate . 
Silver Chloride or Nitrate 
Potassium Cyanide . 
Hydrocyanic Acid 


100 pounds. 
2 „ 

2 oz. 

6 

10 drops. 


II. Etching of Iron and. Steel. — ^The action of acids on various kinds of iron 
and steel produces markings which ^ve an insight into the structure of the metal, 
its composition, and the manner in which it has been worked. A convenient etching ’ 
fluid is composed of 1 pt. hydrochloric acid, 1 pt. water, and a trace of antimonic 
chloride (one drop of a strong solution of the latter to a litre of the dilute acid.) 
The surface to be etched, having been previously rendered even by filing or finding, 
is surround^ with a ridge of wax aWt l-inch high ; the acid is poured into the 
space thus marked off ; and the progress of the etching is observed every half-hour, 
the acid being renewed if necessary. When the etching is complete, the surface is 
washed, first with alkaline and then with puro water, and protected from rusting by 
a coating of Dammar varnish. The addition of antimony chloride to the etching 
liquid serves also to prevent too rapid rusting. 

Soft fibrous iron thus treated is etched so ifhiformly that the surface remains 
light-coloured and with a faint lustre, but little carbon separating out ; imperfect 
spots or ash'^.avities however are brought to light. Fine-grained iron exhibits a 
similar aspect, the etched surface being generally more uniform, but darker in colour. 
Coarse-grained and cold-short iron is strongly attacked by the acid ; the etched surface 
under the acid becomes black in ten minutes ; and after thirty minutes a black deposit 
may be washed off it, the metal itself however remaining black and being marked 
with numerous small holes. Malleable cast-iron is very strongly and ‘ uniformly 
etched. Puddle-steely cement-sUely and Bessem^ steel yield uniform *light-grey etch- 
surfaces, in which the lines of separation of the layers and imperfect spots show 
themselves, the finest capillary fissures being brought to light by the etching. Grey 
^-iron yields a dark-grey uniform etching. Soft iron distinctly shows the white 
constituents as light-grey markings on the dark ground formed by the grey pig. The 
application of this etching process to finished goods shows the kind of metal of 
which they are made and the manner in which it has been worked. The mode of 
packing in the forge may in like manner be recognised in the finished pieces (P. Kick, 
Bingl. ^l. J. ccxii. 40). 

III. Steel. Preparation from Cast Iron. Bessemer Process. — Cast 
iron for this purpose should be rich in silicon, but as free as possible from sulphur 
and phosphorus. Only a few ores yield pig-iron of this description ; the best is red 
hematite, then come brown hematite, ni^notic iron ore, and lastly clay iron ore, in 
so far as this last can be used for making Bessemer steel (W. Baker, Chem. News, 
xxvii. 25). 

P. Tunnor {Bingl. pol. J. eexv. ,507) observes that a largo proportion of silicon in 
pig-iron certainly facilitates the Bessemer process by raising the temperature of the 
furnace ; but that, on the other hand, it is scarcely possible to obtain steel free from 
silicon by the use of pig-iron containing that clement in large proportion. If the 
product is to be used as unhardened steel, the presence of silicon is not objectionable, 
but it greatly interferes with the hardening of steel. Tools and articles of similar 
description should therefore never be madeof Bessemer steel prepared from siliciferoua 
iron ; steel for such purposes is best prepared by casting. 

Eochussen a. Daelen prepare steel from pig-iron by lining the Bessemer converter 
with ferric oxide (pulverised ore), which supplies at least half the oxygen required 
to burn out the carbon ; consequently the quantity of air required to be blown into the 
converter is less than in the original process, and the quantity of steel obtained is 
increased by the reduction of iron from the furnace lining. The temperature of the 
furnace is at least as high as when no ferric oxide is used, and is indeed increased by 
the combustion of the carbon oxide resulting from the mutual action of the ferric 
oxide and the carbon of the iron. As the carbon oxide is not formed till the metal 
bath has become strongly heated by the combustion of tlje silicon, a larger quantity 
of air is required in the latter stages of the process than at the beginning. To ensure 
this, the tuyere-holes at the bottom of*the convertor are closed at first by the furnace 
lining, and it is only when this lining melts that the blast has full play [Engineer 
April 1873, p. 249 ; Bingl. pol. J. cciz. 416). 
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H. Schwarz observes that, in working the Bessemer process, it sometimes happens 
that the usual appearances indicating the end of the operation present themselves 
before the oxidation of the carbon is really complete. This happens most frequently 
when the charge becomes too hot, and Schwarz considers it probable that under these 
circumstances the temperature of dissociation of carbon dioxide is reached, so that the 
oxygen of the air passes through the molten iron without combining with the 
carbon. * ^ 

Use of Ferromanganese and Spiegeleisen in the Bessemer process (F. Gautier, IHngl, 
pol, J, ccxxii. 48). — The ferrosoferric oxide formed in the Bessemer process when no 
manganese is employed, passes into the steel and renders it red-short, whereas 
^ manganese, if present, reduces the ferrosoferric to ferrous oxide which, together with 
the manganous oxide formed at the same time, readily passes into the sing. A 
certain quantity of manganese is nevertheless found in the steel produced, and it is 
not vet ascertained how far the improved quality of the product is duo to its presence. 
In the Bessemer and Siemens-Martin processes, from 1 to 10 per cent, manganese is 
added to the steel in the form of Spiegeleisen. The use of this alloy is however 
attended with an increase in the proportion of carbon in the product, and to avoid 
this, manganese alloys containing 75 per cent, manganese, prepared at the Terre 
Noire works, have lately come into use. Gautier is of opinion that the addition of 
1 per cent, manganese in this form to tlio molten mass is suiiicicnt for the preparation 
of the softest steel : for, as was first observed by Bessemer, the manganese removes 
from the steel, not only ferrosofe^ic oxide, but likewise the greater part of the 
carbon. A specimen of steel prepared with ferromanganese showed a somewliat 
narrower range of elasticity and a somewhat smaller coefficient of tenacity than steel 
obtained with spiegeleisen ; on the other hand its extensibility was more than three 
times as great as that of spiegeleisen steel. Now Mallet has shown that the con- 
structive value of steel for parts of machinery, plates, &c., is measured by the product 
of the coefficient of tenacity into the final expansion : hence it follows that, for the 
uses just mentioned, ferromanganese steel is decidedly preferable to spiegeleisen steel, 
notwithstanding^ the greater tenacity of the latter. *9116 product just mentioned is for 
hard steel, 306; for soft ferromangahese steel, 700; for ordinary iron, 105. It is 
recommended to add the forromanganifise red-hot to the mass in the converter, since 
such a mass added in the cold state might give rise to dangerous spirting. 

The association of carbon with silicon greatly interferes with the preparation of 
soft steel, whereas steel not containing carbon forges readily even if it contains 7'5 
per cent, silicon. Sulphur^ if present in the raw material even to the amount of 
1 per cent., may be removed almost completely, daring the smelting in the blast furnace, 
by a copious addition of lime or manganese. 

2. Phosphorised Steel, — The proportion of phosphorus in steel containing 0*5 
per cent, carbon must not exceed 0 05 per cent., otherwise the steel will not roll well. 
The removal of the carbon from such steel by the use of ferromanganese is especially 
desirable, since it has been found that steel containing as much as 0*4 per cent, phos- 
phorus may be rendered soft and tenacious, provided that the proportion of carbon in 
ft is reduced to a mere trace. Phosphorised steel becomes softer by rolling, its 
. granular texture changing at the same time into fibrous. The presence of a some- 
what considerable proportion of manganese, up tOf 1 per cent., in phosphorised steel 
increases its power of resisting shocks. A so-called manganese-steel, very poor in 
carbon, may be prepared by the Bessemer or Siemens-Martin process, if 1*6 per cent, 
manganese in the form of forromangtnese be added to 60-75 per cent, of the fused 
metal ; the product^is a steel containing 1 per cent, manganese, and at most 0*5 per 
cent, carbon. Such steel is very flexible, and exhibits great resistance to shocks. 

A. Greiner {Itev, scient 1874, xxxv. 623; Binpl.pol. J. ccxvii. 33) describes the 
manufacture of phosphorised steel at the Kdnigin-Maricn Works at Kainsdorf near 
Zwickau, and at the Max Works near Schwandorf in Bavaria. The pig-iron used at 
Zwickau contains on the average 2*50 per cent, silicon, 0*04 sulphur, 0*10 to 0*12 
phosphorus, 2*6 to 4 manganese, and 3*6 carbon ; that of the Max Works contains 
0*10 percent, phosphorus (minimum), and 4 percent, manganese. These pig-irons, 
when remclted in the cupola, take up an additional quantity of phosphorus from the ash 
of the coke, which at the Max Works sometimes contains from 0*33 to 0*4 per cent, 
phosphorus. The reaction botwectfi the blast and the metal in the converter is very 
violent, and the converter is therefore made higher than usual, in order to prevent 
the slag from being forcibly «thrown out. The steel decarburised by the blast towards 
the end of the refining operation contains so much manganese, that the addition of 
spiegeleisen may be dispensed with, and the metal run oif directly at the moment of 
completion. 

The spectroscopic recognition of the completion of the process is more difficult in 
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the case of manganese pig than in the ordinary operation of refining, partly from the 
intense brightness of the fiame produced by the oxidation of the manganese, and partly 
from the thick smoke of brown oxides arising from the liquid mass. Towards the end 
of the operation, however, the black lines towards the blue end of the spectrum dis- 
appear, and those in the green become fainter ; then the latter disappear, while those 
in the yellow becom6 faint, and so on. When all these absorption-bands have vanished, 
and the spectrum has again become continuous, the decar burat ion is known to be 
nearly completed. The blast imiy then be continued a minute or two longer ; a 
sample of the contents of the converter — metal and slag — taken out on the end of an 
iron rod ; the colour of the slag is examined, and the hardness of the metallic globules 
tested by hammering. If the slag is black on the outside, the steel is very soft ; a 
brown colour of the slag also indicates soft steel ; orange, half-hard; and dark-yellow, 
hard steel. A glo^'ule of soft steel may bo hammered out to a plate without any 
cracks on the edges ; but the harder the steel, the deeper and more numerous will be 
the cracks. 

At the Marien Works, two converters holding 5 tons each yield in 24 hours and 
14 tappings, 63 tons of manganese steel, about 10 per cent, of the metal being lost by 
burning. The steel contains from 0*4 to 07 per cent, silicon, 0’06 sulphur, 0*10 to 
O ld phosphorus, 0*4 to 07 manganese, and about 0*15 carbon. Steel containing 
more than 0*20 per cent, phosphorus is brittle. 

The chief use of the phosphorised steel above described is for the manufacture of 
rails. For this purpose the ingots are rolled to covering plates of 40 to 50 mm. 
thickness, and of the breadth of the packet of rails, and under these covers the rails 
of coarse-grained phosphorised iron are placed, whilst above, a flat bar of fibrous iron 
is brought to fOl‘m the foot of the iron rail. The coarse-grained iron serves to com- 
bine the steel head with its basis of fibrous iron. A packet so composed endures a 
welding heat very well, and in rolling exliibits a very close resemblance to ordinary 
railway iron. A ' mixed ’ rail is thus obtained, which when carefully made is very 
durable. 

Phosphorus makes steel cold-short, and diminishes its elasticity as :»egards draw- 
ing or bending strain. Good steel, containing 0*i6 to 0*60 per cent, carbon, may bo 
elongated without breaking, to the extent of 9 to 10 per cent, of its original length, 
whereas steel containing 0*25 to 0*38 per cent, phosphorus breaks when stretched only 
to the amount of 3 to 4 per cent. A steel prepared from pig-iron containing 0*69 per 
cent, phosphorus was found to bo as brittle as glass. These defects are remedied to a 
certain extent by the presence of manganese, this metal removing the ferric oxide 
present in the dccarburised bath, thereby rendering the metal capable of welding, and 
restoring its extensibility. 

3. Cementation Steel . — The changes which iron undergoes in its conversion 
into steel by cementation have been studied by M. Boussingault(Cb?wj?^. rend. Ixxviii. 
1458). The iron was weighed before and after . cementation. Iron smelted from 
spathic iron ore and hematite in the Ria Works (East Pyrenees) was subjected to 
cementation in two pieces. One piece weighed 4949*54 grams before and 4994*20 
grants after cementation, it had therefore gained 44*66 grams. The corresponding 
numbers in the second piece were 5124, 5199*6, and 75*6. The analysis of the metal 
gave — 


Iron . 


Beforo 

cementation 

. 99*100 

After cementation 

No. J. No. S. 

98-200 97-6S0 

Combined carbon . 


, 0*118 

0*995 

1*512 

Silicon 


. 0*105 

0*107 

• 0*120 

Sulphur 


. 0012 

0*006 

0*005 

Phosphorus . 


. 0*100 

0*125 

0*130 

Manganese . 


. 0*222 

0*220 

0*218 

Undetermined 


. 0*343 

0*347 

0*365 



100-000 

100*000 

100*000 


In both cases, the increase of weight exceeded the weight of the carbon fixed, and 
the silicon, phosphorus, and undetermined matters wlych wore acquired, weighed more 
than the iron and sulphur lost. 

^ A second experiment was made on a bar of Swedish iron. After cementation, the 
blistered surface was covered with graphite. The metal itself w'as of silvery 
whiteness. 

The results of the analysis were as follows : 

VoL. VIII. 4 D 
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Weight 

of 

tho bar 

Iron 

Carbon 

Silicon |sulphar 

Phos- 

phoruH 


Unde- 

ter- 

mined 

Before cementation 

2000*45 

1989-45 

6*00 

0 * 32 ' 030 

1-11 

1*80 

1-44 

After cementatios 

2026*22 

1989-14 

32-01 

0 - 61 j 0*10 

1*32 

1*42 

1-62 

Dififcrences . 

+ 25-77 

- 0-31 

+ 26*01 

+ 0*29 - 0*20 

+ 0-18 

- 0-38 

+ 0-18 


The increase of the weight of the bar was slightly loss than tho weight of the 
carbon iixod. 

A slight loss of iron always occurs in cementation : this was found to be tho case 
even in an experiment with pure iron. Boussingault attributes this loss to tho 
volatilisation of ferric chloride formed from the metallic chlorides which are always 
present in the ash of charcoal ; moreover, the powdered charcoal used for the cement- 
ation always takes up a small quantity of iron. Tho combination of the iron with 
carlnm is always attciulcd with elimination of sulphur, which also goes on to a greater 
extent in the refining of the crude steel, e.g. by remelting. Tho best stool contains 
nothing but iron and carbon ; all other constituents of wrought iron must bo removed, 
or should remain in the stool in inappreciable quantities only. 

H. St. Claire Doville {CompfJ>cnd. Ixxviii. 1464) is of opinion that the blisters on 
the surface of crude cementation steel are due to hydrogen which is absorbed during 
the cementation and afterwards given up. Berthelot {ibid, 1465) conyders that iron, 
like palladium, is capable at a dull rod heat of forming with hydrogen a chemical 
compound, which is decomposed at a higher temperature. Tho deposition of graphite 
on the surface of the crude steel is attributed by Bertliolot to the decomposition of a 
compound of iron and carbon, W’hich is perhaps formed by direct combination of its 
elements, or ^lay be produced by the agency of hydrocarbons. 

4. On the prcpim^tion of cast st5el by tho Bessemer and Martin 
processes, see Noblot {Itevue unv'erselle des Mines, xxxiii. 33 ; Dingl. pol, J. ccx. 197; 
Jahresb.f, Chem, 1873, 1004). 

On the use of Alloys of Silicon and Manganese in the preparation of Cast Steel, 
see S, Kern {Chem. News. xxxv. 226 ; Chem. Sac. J. xxxii. 622). 

5. Mush et ’s * Special Steel.’ This steel contains, according to Hcoren {Dingl. 
cciv. 477), 8-3 per cent, tungsten and 1’73 manganese ; according to Gintl a. .Tanow- 
sky {ibid. ccv. 271), 8*813 to 8*741 tungsten and 2*576 to 2*480 manganese; according 
to Gruner(iW. cevii. 316), 7’98 percent, tungsten, together with 1*40 carbon and 
0*24 silicon : he supposes that Mushet obtained it by fusing pure cementation steel 
with mctjillic tungsten. Ileoren and Gruner find that Mushet’s steel in its original 
state has the hardness of good glass-hard steel ; when subjected to the process by 
which ordinary steel is hardened, it becomes softer, and cracks in all directions. It 
may be forged at a rod heat, and must be brought into the required shape by forging, 
as it cannot afterwards be filed. It also possesses a degree of toughness which renders 
it well adapted for the manufacture of cutting instruments. According to Kick, on 
the other hand (ibid, ccv, 488), this steel is very difficult to work, and tools made of 
it soon lose their edge. According to Kellorbauer (ibid, cevii. 488), tho only advan- 
tage that Mushet's steel possesses over other kinds is that it does not require harden- 
ing ; on the other hand, its utility Ms greatly limited by the difficulty of working it. 

Alloys resembling stool may he prepared by fusing iron with nickel and tungsten 
in the following proportions : 


Sdft iron 

Tungsten 

Nickel 

93 

6-5 

0-5 

95 

4-5 

0-5 

97 

2*5 

0-5 


As a flax may be used a fused mixture of parts boric oxide, 32 sand, and 32 calcium 
carbonate (H. Levallois, Dingl. ccx. 235). 

6. Hardening of Steel. — H. Caron (Compt. rend, Ixxvii. 836) recommends for 
this purpose the use of water at about 56® C. Steel plunged into water at this tem- 
perature does not crack, as it often does when hardened with cold water. 

A. Jarolimek (Dingl. pol. J. ccxzi. 436) observes that thin steel wires are com- 
pletely hardened by immersion, not only in boiling water, hut likewise in boiling oil, 
jiud in melted lead or tin, and even in melted zinc, provided that they are dipped in 
the zinc-bath for a short time only, whereas they lose their hardness by prolonged 
immersion therein. Hence Jarolimek concludes that tho hardening of steel depends 
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on sudden cooling below 500^, whereas tempering or softening is completed within 
lower limits of temperature. The fitness of a liquid for hardening steel depends upon 
its heat-conducting power and heat capacity, water being, especially for the last reason, 
preferable to all other liquids, although the film of vapour formed at tlie same time 
round the glowing steel tends by its low conductivity to retard the cooling of the 
steeL This inconvenience may, however, be obviated by immersing the red-hot steel in 
a stream of hot water spray, the water being then rapidly converted into vapour, and 
tne vapour at the same time quickly romovei Steel thus treated acquires the hard- 
ness of glass. The tempering of steel is also easily effected by this process, either by 
diminishing the force of the spray or by removing the steel into the more diffused part 
of it. 

To protect steel objects from oxidation during the hardening process, Ph. Rust 
{Bingl. ccxxi. 284) 2 oats them with a thin paste of 2 parts charcoal, 1 part yellow 
prussiato and glue, after which they may be heated to redness in a charcojil fire and 
hardened. 

On the Hardening of Steel, see further F. Hietlen (Dingl. ccxxi. 518 ; Jahresh, f, 
CJiem. 1876, p. 1069); also Garman a. Siegfried {Dingl, ccx. 472; Jahresb. 1873, 
1005). 

On the Influence of Heat on the Hardening of Steel, see Metcalf {pingl. ccxxix. 
92 ; Chem. Soc. J. xxxiv. 1019). 

For the regeneration of burnt steel, Kolicke {DingL ccviii. 463) recommends a 
mixture of 12 parts by weight of tartaric acid, 60 oed-liver oil, 4 charcoal-powder, 
16 bone-black, 20 beef-suet, 10 yellow prussiate, and 6 burnt hart’s horn. The red- 
hot steel is dipped into the pasty mass and then quenched in water. 

to 

7. Belation between the Physical Properties of Steel and its amount 
of Carbon . — An examination by W. Langly {Amer. Chemi^t^ vii. 175) o twelve 
samples of steel wJiich had previously been remelted, showed that with varying pro- 
portions of carbon, from per cent, upwards, the appearance of the fracture exhibited 
differences easily recognisable by a practised eye. The density was also found to 
diminish proportionally to the inciease in the aqiount of carbon. S^eel which has 
been very strongly heated and quickly cooled -so-called Imrnt steel— is well known to 
exhibit a very coarse granular texture on the fradture-surface. The specific gravity 
of the steel is also diminished by this process, the decrease being greater in proportion 
as the hardened specimen has been more strongly heated. 

The decrease of specific gravity with increasing amount of carbon has also been 
observed in Bessemer steel by Koppermayer {Dingl. pol. /. ccxi. 22), as shown in the 
following table : — 


reroentage 

Specific gravity c 

of carbon 

the steel at 13® 

0*14 

7*9219 

0*19 

7*8784 

0*30 

7*8754 

0*46 

7*8711 

055 

7*8632 

0*57 

7*8569 

0-66 

7*8530 

0*80 

7*8434 

0*87 

7*8378 

0*96 

7*8291 


On the Influence of an Electric Current on the Electric Conductivity of Iron and 
Steel, see hlLEcniiciTT (p. 718). 

On the Magmtisability of Iron and Steel, see Maonktism. 

On the Occlusion of Gases by Steel, see p. 1113. 

According to S. Kern {Chem, News, xxvi. 19; Chem. Soc, J. xxxii. 815), the steel 
in the metallic bath of the Bessemer converter contains oxygen in the occluded state, 
and perhaps in the form of a definite chemical compound analogous to hydrogen- 
palladium. Five specimens analysed gave 0*054, 0*037, 0 025, 0*040, and 0*031 per 
cent, oxygen. ' • 

Classification and Nomenclature of Iron and Steel . — An International 
Commission formed in connection with the Philadelphia Exhibition in 1876, recom- 
mended the adoption of the following terms (English, German, French, Swedish) : — 

(1.) Weld-iron {Schweiss-eisen, fer soude, wdlljern) for all malleable compounds 
of iron with the ordinary ingredients, which have been prepared from softened masses 

4p3 
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or fAggots, or in any form other than the liquid statOy and cannot be hardened or 
tempered, and are similar to the substance commonly called wrought-iron. 

(2.) Weld-steel {Schweiss-siaM, acier sonde, wdllstal), for compounds of the pre- 
viously described quality which from any cause are capable of being hardened and 
tempered, and are therefore similar to the product hitherto called ‘ puddled steel.* 

(3.) Ingot-irpn {Fluss-eisen, fer fondu, gotjem), for all compounds of iron with 
the ordinary ingredients which have been cast in the liquid state to malleable masses 
and cannot be appreciably hardened when placed in water whilst red-hot. 

(4.) Ingot-steel (Fiuss-stahl, acier Jofidu, gotst'dl), for compounds of the last 
described quality which from any cause are capable of being tempered (Dingl, pol. J, 
ccxxiii. 325 ; Chrm. 8oc. J. xxxii. 239). See also Greiner {Chem. Centr, 1873, p. 769 ; 
Chem, Soc. J. xxvii. 830). 

zsATnr, 

C*H»NO= = orC'*H"N*0* = 

The formation of this compound by oxidation of amidoxindole (p. 1087) may be 
represented by the equation — 

C-H<CH{^C0 ^ o = NH* . 

o 

njT2 QQ 

Now oxindole, , is identical with the anhydride of orthamido- 

phenylacetic acid, and isatin is converted into indigo-bluo by heating it with a mix- 
ture of PCl^ and PCP, and subjecting the product to the action of reducing agents : 
hence this series of reactions affords the means of preparing indigo-blue from a com- 
pound belonging to the coal-tar group (p. 1086). 

AcetyMerlwatlwes of Isatin (W. Suida, Berl. Ber. xi. 584). Ac ety hi sat in, 
prepared by heating isatin with twice its weight of acetic 

anhydride for three or four hours, Crystallises in yellow prismatic needles which melt 
at 141°. It dissolves easily in benzene and in alcohol, and is resolved into isatin and 
acetic acid by boiling with water, or more readily with hydrochloric acid. 

ottained by diBsolving 

ncetyl-isatin in dilute potash-ley and precipitating with dilute sulphuric acid, is a 
white crystalline substance, melting at 160°, sparingly soluble in cold water, more 
easily in alcohol, ether, and benzene ; convert^ into isatin by boiling with hydro- 
chloric acid. It dissolves in sodvley, but the solution quickly undergoes alteration. 
The lead and silver salts are white precipitates. 

Acetyhhydrindic Acid, or Acetyl-dioxindole, 

tained by the action of sodium-amalgam on a solution of acetylisjitic acid in acetic 
acid, forms colourless needle-shaped crystals, melting at 142°, easily soluble in water, 
alcohol, chloroform, and glacial acetic acid ; insoluble in light petroleum. It does 
not yield isatin when boiled with hydrochloric acid. By reducing agents (hydriodic 
acid or sodium-amalgam) it is resolved into acetic acid and oxindole — 

+ H? = H»0 + C?H»O.OH + ° 

Amtdo-derlvatlves of Zaatln (E. v. Sommaruga, LieU^s Annalen, cxc. 367 ; 
Berl, Ber, xi. 1082). When an alcoholic solution of isatin saturated with dry 
ammonia-gas is heated to 100° in sealed tubes for 24 hours, two crystalline bodies are 
formed, one slightly soluble, the other easily soluble in water and in alcohol, together 
with a resinous substance and a very small quantity of a purplish-red colouring 
matter. 

1. Amido-isatin, C"H*N*0 = C"H*(NH*)NO, or Diamido -di isati n, 
C“H**N^O*s=C'*H*(NH*)*N*02f the less soluble of the two crystalline bodies, is pro- 
duced in the manner shown by the equation — 

(te*NO* + MH* = H*0 + OTWO. 

It forms pale yellow crystals, sparingly soluble in alcohol and in water, melts with 
decomposition at 1 1 1°, and forms salts with acids. The hydrocMoride, C**H**N<0*.HC1, 
and theni^rfl<e,C**H"N*0*.NO*H, are yellow crystalline powders slightly soluble in 
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water. The sulphate, C^«H'*N^O’.SO<H* crystallises in light yellow needles; the 
chromate, 0*®H**K*O*.CrO^H'‘*, is an orange-coloured powder. 

Diamido-diisatin is converted by sodium-amalgam into the compound 
which is insoluble in water, but crystallises from alcohol in small colourless needles. 

Its sodium-derivative, C*®H'*NaN*0®, crystallises in long colourless needles, very 
soluble in water; the potassium derivative, C*®H'®KN*0*, in broad needles, having a 
dNky lustre. 

OxyMmido-diamido-diisatin, C*®H*^N®0*=sC*®H"(NII)*(NH‘“)*N*0*, the easily 
soluble crystalline body, and Beoxyimido-diisatin, C*®K'*K®0" = C'®H‘®(NH)N*0*, the 
resinous compound above mentioned, are formed simultaneously in the manner shown 
by the following equation : 

4C*®H‘»li’*0« + 7NH* = 7H*0 + C»®II‘<N®0® + 3C"H“N»0*. 

Oxydiimido-duimido-diisatin forms large colourless needle-shaped crystals, which 
melt between 295® and 300'’, and dissolve readily in acids. When treJited with 
pobissium nitrate and sulphuric acid, it yields a nitroso-product, which is decomposed 
by water, and has not been obtained pure. By sodium-amalgam, the oxydiimido- 
compound is reduced in the manner shown by the equation — 

C>®H*^N®0® + 5H* = C*®H*®N^02 + n^O + + 2NH*. 

The product, which is possibly the amide of hydrindic acid or dioxindole, C®H®(NH*)0* 

(or the diamide of dihydrindic acid), is converted by oxidation with chromic acid 
mixture into an acid, which may bo called diimido-hydrincarbonic acid ; 

C>®H'®N«Of -I- a- = 2ITO + C'®H'*N^O^ 

Deoxy-imido-diisatin, C'*H**N’OS when purified by solution in potash, and re- 
precipitation by an acid, forms a yellowish powder resembling tannin. It melts, 
with decomposition, at 209®-21()®, and dissolves in alcohol and in water. Sodium- 
amalgam converts it into an amorphous isomeride of monaniidodihydro-diisatin — 

c*®H"N-o= + mo = .c>®n'®N®o». 

The same product is formed by the action of watc.' or strong potash-ley underpressure 
on deoxy-imido-diisatin. 

The existence of the compounds above described is regarded by v. Sommaruga as 
showing that the molecule of isatin— and therefore also that of indigo-blue— contains 
16 atoms of carbon. This conclusion is in accordance with a recent determination, by 
Sommaruga, of the vapour-density of indigo-blue which was found, as the mean of 
nine experiments, to be 9*45, the formula C‘®H'®N*0* requiring 9*06. Isatin decomposes 
when vaporised, so that its vapour-density cannot be directly determined. 

ZSSirXTB. Sandberger described under the name of Noscaitnandesitc a volcanic 
rock which occurs at several localities in Nassau, especially on the Sengelberg near 
Sala in the Wisterwald, also on the Kriegershecke ne.‘ir Wdlferlingen, and near Maxliayn 
{Jahrh. f. Min, 1874, 318). This same rock has 'been subjected to a very careful 
mineralogical^ microscopical, and chemical investigation by Gr. A. Bertels (ibid. 873), 
who calls it Isenite, from the name of a small river in Nassau, the Eis (formerly Isena), 
The main results of this investigation are as follows 

Amongst the macroscopi&illy distinguishable constituents of the rock, the felspars, 
which are mostly unaltered, exhibit under a magnifier, distinct twin-marking, llorii- 
blcnde appears in fine twin-crystals of known form, often however converted on the 
edges into a radiate mineral. Octohedrons of magnetic iron-OM and hexagonal 
titaniferous iron occur, as well as rhombic crystals of a red-brown mineral, recognised 
by Bertels as allied to fayalite. Lastly, needles of apatite are also found. The 
zeolitic mineral in the cavities is stilbite. 

Microscopic examination showed, in the first place, a light-coloured ground-mass 
consisting of triclinic felspar, in which were imbedded tablets of ferruginous mica, 
granules of magnetic iron ore, and especially well-developed noseans regularly dis- 
seminated through the rock. Distorted hexagons of nepheliu occur as subordinate 
constituents. The large crystals of felspar already mentioned frequently enclose 
granules of magnetic iron, lamins of iron-glance, glass-cells, vapour-pores, fine needles 
of apatite, and more rarely small noseans. The large hornblende.s are often quite 
filled with granules of magnetic iron ore ; needles of apjitito and fayalite are also 
found in them, and oven comparatively larg« crystals of fay.ilite, apatite, and felspar. ’ 

The powdered rock cautiously warmed with hydrochloric acid yields a distinct 
jelly. A chemical analysis of the entire rock, as w'cll of the soluble part (35*74 per 
cent.) and of the insoluble part (64*26 per cent.), gave the following results. Sp. gr. 
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Total analysis 

Soluble 

Insoluble 

Silica • • 





. 48-02 

8-20 

39-82 

Alumina. 





. 16-92 

2-41 

14-61 

Ferric oxide . 





. 11-63 

10-74 

0-89 

Ferrous oxide . 





4-70 

2-83 

1-87 

Manganous oxide 





. 2-44 

0-50 

1-94 

Magnesia 





. 1-46 

1-16 

0*30 

Lime 





. 8-58 

3-64 

4-94 

Soda 





. 2-36 

2-36 

0-93 

Water . 





. 1-78 

1-78 

— 

Titanic acid . 





. 0-16 

— 

0-15 

Phosphoric acid 





. 1-55 

1-56 

— 

Sulphuric acid 





. 0-66 

0-5G 

— 

Chlorine . 





. 0-63 

0-63 

— 






100-67 

36-25 

66-36 


A remarkable circumstance is the absence of potash, whicli could not be detected 
oven spectroscopically. 

Bertels has also analysed some of the separable constituents of the rock, viz., the 
felspar and the radiate transformation-pr^uct of hornblende. The felspar has a 
specific gravity of 2 648 ; melts easily before the blowpipe, imparting a strong yellow 
colour to the flame; is atluckea, but not completely decomposed, by hydrochloric 
acid : 

SiO» APO" Fe’O* CaO MgO Na“0 c 
53-51 29-37 trace 1278 1-54 3*10 = 10030 

The radiate transformation-product of the hornblende has a chloritic aspect, and 
is sharply separated from the latter, its fibres standing perpendicularly on the horn- 
blende faxies. Hardness =2. Specific gravity = 2-997-3*067. Before the blowpipe 

it melts ea.sily (not cxfoliiiting, like the easily fiisjble chlorites) to a black, strongly 
magnetic bead. Analysis gave : • 

SiO» AFO* Pe=0’ Faii' MnO MgO CaO IPO 

32-78 16-60 29-90 2*98 1 16 490 6*74 7*62 = 101-67 

whence may bo deduced the formula — 

2(Ca,Mg,Mn)0.2(AP,Fo2)0®4Si02+3Il*(). 

By a comparison with other similar minerals, Bertels infers Unit this transforma- 
tion-product of hornblende is a new species of the chlorite-group, for which he pro- 
poses the name Phmetinitet indiaitivo of its grey-brown colour and radiate texture. 

From a calculation of the total constituents of the rock, it is inferred that, whilst 
the porphyritically separated felspar is labradorite, the felspathic ground-mass con- 
sists of a more acid plagioclase. This remarkable associedion of a felspathic horn- 
blende rock with noscan and nephelin, in which the felspar is exclusively triclinic 
without a trace of orthoclasc, gives the rock a distinct character. The similarity of 
isenite to the Etna lavas, indicated by the comparatively large crystals of porphyritic- 
ally intergrown labradorite which it contains, is .«till more plainly seen in the chemical 
constitution, as shown by comparison with the mean of 28 analyses of Etna lavas. 

The rock most nearly allied to isenite, though still different from it, is the hauyn- 
tephrite from the Canaries, described by K. v. Fritsch and W. Reiss. 

ZSSTBZOIOIZC ACZD, C-H«S0< = CII*0ir.CPPS02.0II. The chloride of this 
acid, CH-OH.CH-.SO'Cl, is formed, together with the two isomeric componndM, 
chloiinethionio acidy ClHCl.CIH.iSO-, Oil, and clhylsulphuric chloridcy C'-IH.O.SO-.Cl, 
by the action of sulphuric anhydride on ethyl chloride (p. 746). 

On the conversion of isethionic into cthionic acid, C‘TI«S'‘'0^ by the action of 
snlphuric acid, see page 742. 

Action of Heat on Amimniumlseihmtate,---^!:^^ salt (m. p. 136®, or according to 
Strecker, 130®) remains nnaltered when heated for several days on an oil bath at 
210®-230°, hut decomposes readily on raising the temperature of the saline mass to 
230®-240® ; and if, after the boiling has been continued for about eight hours, the 
resulting viscid syrup he dissolved in ^ter, the solution boiled with animal charcoal 
and evaporated, the residue cijrstallised from alcohol, and the separated nodules, 
which are now almost insoluble in alcohol, constantly boiled with that liquid till they 
molt at 192®-193®, a compound is obtained which dissolves very easily in water, 
appearing indeed to be hygroscopic, gives off ammonia on addition of potash, and has 
the composition of taurine, O-'IHNSO*. Taurine, how-ever, melts with decomposition 
at about 240®, and behaves in a different manner with potash (v. 700) : hence the 
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compound formed by dehydration of ammonium isethionate is not identical, but 
isomeric Trith it, and appears indeed to bo the true amido of isethionic acid (H. Sey- 
berth, J)eut Chem. Gcs. Ber, vii. 391). 

ZSOABXPXC ACZD. The crystalline compound which Moyer a. Bulk obtained 
by the action of chloral on glacial acetic acid (Ber. iv. 963) is regarded by Ilubner 
(ibid, vi. 109) as anisomoride of adipic acid, 

* XSOAXiBOZAXrxC ACXD, This modification of alloxanic acid - 

some of the salts of which were obtained by L. Hardy, by tho action of bases on the 
red modification of alloxan produced by heating the latter to 260® (vi. 90)--ha8 
been further examined by Magnier de la Source {BuU. Soc. Chim. [2], xxii. 66), 
who obtains it by dropping bromine into water in which uric acid is suspended 
(1 part bromine to 40 or 60 piirts water) till the liquid becomes clear. The whole is 
then transferred to a basin and heated over a water-bath in a stream of hydrogen, 
whereupon hydrobromic acid is abundantly evolved, tho liquid becomes colourless, and 
a carmine-coloured precipitate is ultimately deposited on the sides of the vessel — 
apparently identical with the red modification of alloxan observed by Hardy. The 
solution above mentioned yields with barjd-a-water a splendid violet precipitate 
of barium isoalloxanate, which however cannot be obtained free from the colourless 
alloxanate, since it quickly passes into the latter on exposure to moist air. If am- 
monia be added in place of baryta-water, a fine purple colour is produced, and on 
subsequent addition of alcohol a red precipitate is :{^rmcd, mixed with a large quantity 
of ammonium bromide ; and on washing the precipitate with alcohol to remove the 
latter, and drying it jn a vacuum, ammonium isoalloxanate is deposited in tho form of 
a brick-red povder, very soluble in M'ater, with which it forms a deep purple solution, 
very sparingly soluble in alcohol, insoluble in other. Its solution gives 'with baryta- 
water a deep-red precipitate, with calcium chloride a rose-coloured precipitate, and 
with silver nitrate a precipitate of a fine mdigo-blue colour ; with carbonate of 
potsissium or sodium a violet coloration, with cupric acetate a green coloration. The 
aqueous solution of the ammonium salt quickly los(5S its colour; the alcoholic solution, 
on the other hand, does not change colour perceptibly; tho solid salt is permanent in 
diy air. 

In accordance with these results it must be assumed that the so-called murexid 
reaction is duo, on the one hand, to the formation of ammonium isoalloxanate, 
C^H'‘'(NH*)*N^O*, and, on tlio other, to Uio formation of acid ammonium purpiirato, 
C^H^(NH^)N*0®. This latter compound is formed by treating alloxantin with am- 
monium carbonate, whereas the isoalloxanate is produced by similar treatment of 
alloxan, as shown by the following equations : 

+ (NH<)=CO* = C»H^(NH«)N»0'» + CO^ + 2^0 
C'H^N^O^ + (NH^)=CO» = C«n*(NH'‘)*NW + CO* 

These two colouring matters arc therefore formed simultancoiusly by the action of 
ammonium carbonate on a mixture of alloxan and alloxantin ; the ammonium iso- 
alloxanate may bo partially removed by washing, but a portion of it is likely to 
remain mixed with purpurate, a circumstance which may account for the very different 
formulae assigned by different chemists to murexid. 

X80-BX:MXPXK'XC ACXD. See Kabcotine Berivatiyes. 

XSO-BBPXBBlorB. See Lefidene. 

XSOBVTT& XODXBB. The conversion of this ether into tertiary butylamine, 
(CH®)*C.NH*, by the action of dry silver cyanate — observed by Linnemann (vii. 
223), but called in question by Hofmann {Liebig's elxii? 19) who obtained 

chiefly isobutylamine — has recently been confirmed by Braunor {ibid, cxcii. 66), who 
operated with perfectly puro isobutyl iodide. On the properties of the butylamine 
thus obtained, see Tbimbthylcarwnylaminb. 

XSOBUTYBACBTXC AGXB. See Feetoic Acids. 

XSOBUTTXiAOBTO-ACBTATBy BTBYBXC. Hespecting this compound 
and its derivatives, heptic acid, oxyheptic acid, and ethylic methylisobutylglycerate, 
see Heitic Acid (p. 1020). 

ZSOBVTTXAMARXC ACXB. C^®H»®0® (Zinin, Bcut, Chem. Ges. Bet. x. 1736). 
This acid, homologous with amaric acid, C"H^*0‘^(vii. 66),* is formed, similarly to 
tho latter, by prolonged boiling of benzamarone with a solution of potash in isobutyl 
alcohol. It is nearly insoluble in water, bat dissolves easily in ether and in alcohol, 
from which latter it crystallises in rhombic plates. It melts at 176°-179®, and is 
thereby converted into an amorphous anhydride, C*®H^*0\ which dissolves in ether, 

• Tlie fonnula there a«»siRiicd to amaric add is C**H*®0*, but sul)sequcnt experiments have shown 

that the true formula is that above given. 
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but is spfeedily deposited in the crystalline form, The anhydride melts at 137^, and 
distils without decomposition, but when heated with excess of alkali it decomposes, 
yieldii^ a benzoate and a pyroisobuty 1-amarate, with evolution of hydrogen — 

+ 4KOn = 20'H»K0* + 2C»«H«K02 + H*. 

Pyroisobutylamaric acid, separated from its potassium salt, melts at 

172 ®, distils without decomposition, and crystallises from alcohol in short four-side^ 
prisms. It is nearly insoluble in water, but dissolves freely in hot alcohol and other, 
and in aqueous alkalis. The ammoniacal solution deposits the free acid when heated. 

Amarlo Acid, crystallises from alcohol with two mols. of water, which 

it loses at 100®. At 140°-150® it is converted into the anhydride, — a trans- 

lucent, colourless, resinous mass, which becomes semi-fluid below 100®, and in that 
state dissolves in alcohol ; the solution thns formed, however, speedily changes to a 
pulpy mass of small crystals, the change from the amorphous to the crystalline form 
being attended with considerable rise of temperature. The pure anhydride melts at 
140’o°, and distils in small portions without decomposition. The alkali-salts of 
amaric acid are completely decomposed by beat, in presence of free alkali, yielding 
salts of pyra marie and benzoic acids : 

+ 4KHO » 2C‘®H'*KO* + 2C»H®KO® + H». 

P£cassium p}Tamarato. 

Pyramaric acid, dissolves easily in ether, and crystallises on spontaneous 

evaporation of its solution in thick rhombic plates or prisms. It is easily soluble in 
alcohol, but sparingly in water ; melts at 49® and distils in small quantities withou 
decomposition. The alkali-salts crystallise badly. 

Zinin regards pyramjiric acid as benzyl-ethyl-benzoic aci d, C®II*( 0’H.’)(C*iP). COOH 
i.someric jrith dibenzylacotic acid, and pyro-isobutylamaric acid as bonzyl-isobutyl- 
benzoic acid, (i®H®(C^II0(C^II®).COOH. 

The constitution of •amaric anhydride, C“H*®0*, may be represented, according 
to Zinin, by the formula 

C®H®(C»H’)'(C*H®)— C— C®H<-.CO 



C®H»(C»H^)(C*H®)— C-C®H«— CO 

and the acid may be formulated as — 

C®H®(C^H’)(C=*H®)— C(OH)-C«H^CO.OH 

C‘H*(C'H'XC’H‘)— (!!(0H)-C*H'— CO.OH 
The corresponding isobutyl-compounds may bo represented by similar formulae con- 
taining CH*.CH(CH®)®, in place of C*H*. 

ZSOBXBUTOXi, C®n>®0. See the next Article. 

ZaODZBUTYXiBWS, C"H»®=-(CH»)»C- 011=0(011®)* (Butlorow, Uehig's An-, 
nalen, clxxxix. 44-83). This hydrocarbon is bbst obtained by heating trimethyl- 
carbinol with twice its volume of a mixture of equal parts of sulphuric acid and 
water ; the product is a mixture of isobutylene and isodibutylene, which after being 
dried (finally by boiling with sodium) may bo separated by fractional distillation. 
Isodibutylene maj^also be projparod by enclosing isobutylene (liquefied by cold) in a 
tube with dilute sulphuric acid, and after some days, when the hydrocarbon has 
dissolved, heating the tube in a water-bath. The isodibutylene then separates on the 
surface of the water, together with unaltered isobutylene— -and may be separated from 
the latter as above described. 

Isodibutyleno is a colourless liquid having a density of 0734 at 0°, and boiling 
at 102®-104®. It combines directly ^th bromine to form a rather unstable bromide, 
C®H'®Br®, which by boiling with caustic potash, or even by distillation, is decomposed 
into HBr and C®H‘®Br. Fuming hydrochloric acid at 100® gives with isodibutyleno 
a compound, C®H‘*C1, which is a light oily body, stablest ordinary temperatures, 
but partially decomposed by distillation, HGl being given off. B. p. 146®-! 60®. 

An iodide, is obtained, with even greater facility, by saturating the hydro- 

carbon at 0® with hydriodic acid gas. This iodide is attacked, even at 0°, by moist 
silver oxide. The product of the reaction, dried by anhydrous baryta, consists of 
regenerated isobutylene and an octylic alcohol, C*II‘®0, named isodihutol. This 
alcohol is a colourless thick liquid of characteristic odour, which boils at 146*6°-147-6®, 
and solidifies at 20®. Sp. gr. at 0® = '8417* Its alcoholic nature is proved by its 
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yielding, when treated with phosphorus pentachloride, tho same chloride that is 
produced by the action of hydrochloric acid upon isodibutyleno. It is a tertiary 
alcohol, its iodide, when treated with silver nitrite, giving neither a uitrolic nor a 
pseudonitrolic acid (Victor Meyers test; see Nithopahaffins). 

Isodibulol submitted to the regulated action of oxidising agents, gave, besides 
unaltered alcohol and isobutylene, the siime products that are furnisjied by oxidation of 
ijjodibutylene, but no ketone or aldehyde, a further proof that it is neither a primary 
nor a secondary alcohol. Its constitution may therefore be determined by studying 
tho oxidation of isodibutylene. This body was accordingly treated in the cold for six 
days with a mixture of sulphuric acid and potassium dichromate, whereupon carbon 
dioxide W'as continuously evolved. The mixture was then distilled, that part of the 
distillate which contfiined oily drops being collected separately from the clear acid 
liquid which subsequently passed over. Tliis clear liquid contained principally accHo 
acid. The first distillate was treated with pobissium carbonate, whereby much of the 
oil was dissolved. Tho undissolvcd oil was removed, and the remaining alkaline liquid 
again distilled. From the first portions of liquid which then passed over acetone was 
easily separated by potassium carbonate in excess, not, however, in large quantity, 
probably because much of it had been oxidises! to jicctic acid. The alkaline solution, 
after removal of tho acetone and oil, gave, on treatment with sulphuric acid, acetic 
and triniethyUajcetic acids. Since trimcthyl-acetic acid does not give acetone on oxida- 
tion, it is thus evident that the primary oxidation-products of isobutylene are acetone 
and trimothyl-acetic acid, thus: + 0* = + C®H®0. The acetone is 

partially oxidised to acetic acid. 

This experiment establishes the constitution of isodibutyleno. For of the two 
products one contains ihreCy tho other two, methyl groups ; from which it must be 
inferred that the molecule of isodibutyleno contains ^ce such groups. Three of these 
must be united to one carbon-atom to form tertiary butyl, (C1I®)*C'— , which appears 
in tho tri methyl-acetic acid, the remaining two methyls forming with another carbon- 
atom tho group (C1I®)^C— , which by oxidation yields acetone. From these considera- 
tions tho formula of isodibutylervp may be inferred to be (CH*}*C — CHC(CH®)* ; and 
that of tho corresponding tertiary alcohol, isodibutol (CH*)®C— Oil'* — C(ClPyOH, 
Tho oxidation of the hydrocarbon follows tho general rule for the series viz, 

that tho carbon-atoms separate at the junction C:::i:C. 

(CH®)®0-CH=C(0IP)* + 0® = (CIP)C— CO®H + (CH^CO. 

This constitution of isodibutylone granted, tho mode of its formation from 
trimethyl-carbinol is tho following : (1) part of the alcohol splits up into water and 
isobutylene ; (2) one molecule of isobutylene unites with one of unaltered trimethyl- 
carbinol, water being again eliminated. The cour.se of the reaction is quite analogous 
to Colhirits’ and Merz’s synthesis of aromatic ketones by the action of phosphoric 
anhydride upon a mixture of a hydrocarbon and an acid, or to Wischnegradsky’s 
synthesis of diamylene (p. 635). 

To account for tho second phase of the reaction, it must bo remembered that methyl 
groups and their derivatives are in general less prone to enter into reaction than tJie 
groups — CH* or ^CH, and their derivatives. Tho different degrees of stability are 
well observed in the alcohols of the three categories and tho bodies allied to them, the 
radicles of the primary alcohols being least inclined to part with the liydroxyl or 
other simple radicles united to them, while in the tertiary alcohols and their allies 
such separations take place with the greatest ease. When, therefore, trimcthyl-car- 
binol is partially resolved into water and isobutylene, the feebly-bound hydroxyl of 
tho undecomposed alcohol combines more readily with the hydrqgen in the group 
r::CH‘* of the hydrocarbon than with that belonging to the more stable methyl 
groups of its own molecule, thus — 

(CH»)»ci(OH£T^^ *= (CH»)»o~cn=zC(cn®)2 + h^o. 

On tho other hand, when isobutyl alcohol, CH^OH) -CII(CIP)*, separates 
partially into water and this same (iso-) butylene, no such condensation takes place, 
because the alcoholic hydroxyl unites with the hydrogen of the group =CH in its 
own molecule, rather than with that of the =i:CH* of isobutylene. 

These considerations, somewhat modified, will also explain why secondary butyl 
alcohol, on treatment with sulpharic acid, gives, •as a principal product, pseudo- 
butylene, but no dibutylene. Here the alcoholic hydroxyl tends to combine cither 
with the hydrogen of the pseudo-butyleife, CH*— CU.:rOH — CH*, first formed, or 
with that of the =:CH* in its own molecule. The proximity of the latter determines 
its union with it, and consequently the complete conversion of the alcohol into pseudo- 
butylene. 

The higher-boiling portions of the oily acids from tho oxidation of isodibutyleno 
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were found to consist of trimethyl-acetic acid and a new octoic acid, the 

separation of which was ultimately effected ^by preparing the cadmium salts, and 
fractionally distilling the acids extracted from them. This octoic add is a colourless 
oily liquid, smelling like trimothyl-acetic acid, and boiling with partial decomposition 
at 206®-218®. Its constitution is best expressed by the formula, C(CH.*)® — CH* — 
OH(OH*)COOH ; ijince the carboxyl group must be formed at the expense of one of 
the five methyl groups of isodi butylene, and it is reasonable to assume that 
group oxidised is one of those lying nearest to the point of attack of the oxidising 
agent, viz. the doubly united carbon-atoms C=C. The formation of this acid from 
isodibut.ylene appears strange at first sigh^ but is not without analogy, since oxida- 
tion of the hydrocarbons C“H‘“ appears in general to furnish the same products as 
that of the corresponding tertiary alcohols. Thus it is found that a certain quantity 
of isobutyric acid maybe obtained by oxidation* of trimethyl- ca^’binol. Now this 
octoic acid may be regarded as isobutyric acid in which hydrogen is displaced by 
tertiaiy butyl (CI1*)“0 — , iaodibutol and isodibutyleno being simihirly derived from 
trimeth^’l-carbinol and isobutylene respectively. It may be assumed that, in both 
cases, by the successive removal and addition of water, an isomeric alcohol is first 
produced, which is then oxidised to the acid. Thus, when trimothyl-carbinol is 
oxidised — 

(1.) (CH7C(OH) = Cfl^C-(Cn»)* + H*0. 

(2.) CH-~C=:(Cfl*)* + JL% * (CH^CH— OTOH, 

which furnishes isobutyric acid, (CIP)-CH— CO*H.; and when isoilibutylene is 
oxidised — , 

(1.) Bu- ClI=:Cir:(CH®)* + == Bu— GH*— C(OH)(CH*)2 ; 

(2.) Bu-CIP— C(OH)(C}P)* = Bu~CH*~C— C(CH*)— CH* + H^O. 

(3.) Bu-CII=— C{CH*)r:=CH2 + IPO - Bu— C1P-C(CH»)H-CH20H, 
which yields the above octoic acid. 

This explrfkiation is supported by the fact that ®ne of the oxidation -products of 
isodibutylene is a bodfy derived frofn the octyleiie, C(CH*)*~CIP— C(CIP)~CH*, 
whose existence is assumed in equations (2) and (3). This hydrocarbon would, upon f 
oxidation, separate at the doubl 3 '-joinod carbon-atoms, and give, as a first product, 
a ketone, 0(011’)* — GIP— CO---CH’; and, in fact, the oily products insoluble in 
potassium carbonate were found to consist of a mixture of isodibutylene, and a 
ketone of this composition boiling between 125® and 130®. The peculijir deportment 
of this body with metallic sodium is also exhibited by an undoubted ketone, namely, 
dhyliso^ropyl ketone, prepared by acting with zinc-ethyl on i.sobutyryl chloride; 
these bodies do not attack the sodium in tlio cold, but dissolve it rapidly when wanuj 
giving solutions which, in contact with air, quickly assume a blood-red colour, 
finally passing into brown. On tlio other hand, the body in question is not oxidised 
by silver oxide; it docs not combine with acid sodium sulphite ; nor does it throw 
down ferric hj'drato when boiled with ferric chloride, properties which distinguish 
it from the aldehydes and the oxides of the class to which ethylene oxide belongs. 
Finally, when oxidised with sulphuric acid and potassic bichromate, it yields acetic 
and trimethyl-acetic acids, as follows : — 

C(CH’)’-GH*-CO-GH* + 0^ ^ G(GH»)» -GOOH + GH’(GOOH). 

This reaction is decisive with respect to its constitution. 

The views above developed receive some support from Butlorow’s observations on 
the action of sulpjiiuric Jicid upon pentylcne (trimethylated ethylene) from tertiary 
pentyl alcohol. Here the successive assimilation and separation of water take place 
without any change in position of the hydroxyl. In the cold sulphuric acid converts 
this pentylene into dipentyleno. But when tertiary pentyl alcohol is heated to 100® 
in a tube with three times its volume of a mixture of equal weights of sulphuric acid 
and water, the principal product is uncondensed pentylcne, which floats on the surface 
of the acid. If now the tube be laid on its side for some days, and occasionally 
shaken, the hydrocarbon again dissolves, i.e. assimilates water to reproduce the 
alcohol; and these operations may be repeated several times. Here, then, is an 
example of dissociation, and of gradual reunion of the dissociated bodies to form the 
original compound. In the case of isodibutol, on the other hand, the dissociated 
pri^ucts (isodibutylene and water) would reunite to form, not the original alcohol, 
but an isomoride. • • 

XBOBVItCXTSS, C’H"0’. This crystalline sugar, isomeric with dulcite and 
mannite, which Hlasiwetz a. Pfanndlor obtained by the action of dilute acids on 
quercitrin (v. 1001), is likewise produced by similar treatment of the glucosido of 
buckthorn berries {RhamriM infectoria). Liebormann a. Hermann, who obtained it 
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from thiiS source (fieri, fier. xi. 952), regafded it as a peculiar sugar, different from 
isodulcite, and nam^ it rImmnodiilcUct inasmuch as they found its melting point to 
bo 92®-93°> whereas isodulcite from quorcitrin was said by lllasiwetz a. Pfaundlor 
to melt at 105*^. Bereiid, however 1363), on re-examining the isodulcite ob- 
tained from qiiercitrin. finds that it melts at 93°-91°, and further that it agrees 
exactly witli the sugar obtained by Liebemninn a. Hbiinann in grystalline form and 
•11 specific rotatory power; [a]D= -*-8*04 (Berend) ; -i-8’l)7 (L. and H.) The name 
rhauinodulcite may therefore be dispensed with. 1 pt. isodulcite dissolves, according 
to Hlasiwetz a. Pfaundler, in 2‘0l) pts. water at 18°; according to Liebermann a. 
llbrniann, in 1’8 pts. (mean of three experiments; temperature not stated). 

Isodulcite heated with concentrated hydriodic acid is in great part converted into • 
a tarry mass, an4 yields a heavy liquid distillate containing iodine and consisting of 
a mixture of bodies, none of which have yet been obhiinod in the pure state (Dale a. 
Schorlommor, B^r. xi* 1197). 

XSOFSRVXiXC ACXB. See Vanillin-debivativks. 

XSOHEMXPXXrXC ACXB. Sec Narcotine-debivatives. 

XBOBBPXBBM’S. See Lepidene. 

XSOBKSllXSM. Compounds of the same elements in the same proportions, and 
of the same molecular weight, but having different properties, may bo said to be 
isomeriCi if from the miiniier in which they are formed and from their reactions, it 
may be concluded that they arc bodies of ths same^ype ; if their beliaviour indicates 
tliat they are bodies of different type, they may bo said to be metameric, 

A perusal of modern chemical literature sliows that the term ‘ isomeric ’ is on the 
whole very loosely employed, some WTiters attaching a much more extended meaning 
to it than others ; the foregoing definition is probaldy both the most restricted and 
the most extended that ^can well be given. The only difficulty which can arise in 
connection with it is that of determining whether two or more compounds more or 
less different in properties are bodies of the same type. If, however, a tt)o formal 
construction of the phrase bo ^avoided, this difficulty is a ,very slight one. For 
example, the hydrocarbons ethyl-bcnzcno and thb three dimethyl-benzenes or xylenes 
t not only exhibit a very close general rescmbla^jco in behaviour, especially in the 
formation of substitution-compounds, but are also immediate derivatives of the same 
parent hydrocarbon, benzene : they may hence be regarded as bodies of the same type — 
t.e, as isomcridos, although their behaviour with oxidising agents clearly indicates 
that ethyl-bonzone differs to a much greater extent from the xylenes than these latter 
differ amongst themselves ; a fact which finds an expression in the rational formula 
assigned to the several hydrocarbons. On the other hand, benzene and the hydro- 
carbon dipropargyl discovered by Henry differ so totally in properties that we without 
hesitation regaM them as compounds of different typo, t.P. as metamerides. Again, 
the four butylic alcohols or iiydroxidcs of the formula C^H*.OH are isomeric with 
eiioh other, but ractamcric with methyl-propyl oxide, methyl-isopropyl oxide and 
diethyl oxide or ordinary ether, these last three oxides being isomeric with each 
' other. 

As the rational formulae ■wo employ are merely condensed symbolic expressions, 
affording more or less complete information as to the characteristic chemical properties 
of the compounds which they represent, especially with regard to the manner in 
which they are formed and in which they undergo change when submitted to the 
action of reagents, compounds M^hich differ eithq?* in their mode of formation or in 
their behaviour under similar circumstances are necessarily representorl by different 
rational formulae. Kecent investigations have, however, conclusircly shown that a 
by no means inconsiderable number of ‘isomeric* compounds exist, many of them 
widely different in so-called physical properties, which exhibit so close a resemblance 
in general chemical properties that, following the canons of tlio present system of 
notation, they can only be roprosentod by identical formulae. 

The hydrocarbons of the formula which occur in various essential oils, are 

the only instance of this kind that wo meet with among the hydrocarbons, but a 
more striking instance can scarcely bo advanced. At least, two classes of these 
hydrocarbons may bo distinguished: those boiling at about 156°, which are con- 
veniently termed terpenes; and those boiling at about 176°, w’hich may be termed 
citrenes, as they are the chief constituents of theoMs derived from the various species 
of dims. Each of these classes incluiles a considerable number of species which 
appear to differ only in their behaviour towards polarised light ; in fact, up to tho 
present time no two oils have been proved to contain the same terpene or citrenc. 
It is highly probable, ho'wevcr, that many which are now regarded as distinct 
substances will be found to bo mixl.ures, and that the number of separate species is 
not nearly so great as has been supposed ; but the existence of laevo- and dextro 
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Totatoiy members in both classes is sufficient proof that there are several of each. At 
present the experimental evidence is not sufficient to enable ns to say whether the 
terpenes and citrenes have identical formulae. Their behaviour with hydrochloric 
acid would appear to favour the conclusion that they have not, inasmuch as the former 
furnish monohydrochlorides, and the latter dihydrochloridos. But, on the other hand, 
they have the same combining power, as they form totrabromides ; they yield identical 
oxidation-products ' (Fittig); they yield nitrosochlorides and nitroso-substitutioa 
compounds differing only in physical properties ; and they are convertible into the so- 
called terpin, from which, by the action of hydrochloric acid, the corresponding di- 
hydrochloride is obtained : so that indirectly the terpenes, as well as the citrenes, may 
j be converted into dihydrochlorides, and that too by reactions taking place at ordinary 
temperatures and involving no violent treatment.* 

It is impossible at present to assign a rational formula to* the terpenes and 
citrenes which is consistent with their general behaviour; all those hitherto pro- 
posed appear to bo insufficient. 

The camphenes or solid hydrocarbons of the formula C*®IT**, which also exist in 
Boverdl modifications, differing only in their behaviour in polarised light, are un 
doubtodly bodies of an altogether different type, as they have only half the combining 
power of the terpenes and citrenes, and are directly converted iuto camphor by oxida- 
tion. Both dextro- and Ixvo-rotatory and optically inactive modifications of this 
last-named body are also know'n. 

Among the haloid-derivatives of hydrocarbons, no instances of isomerism similar 
to those just discussed have been met with ; a number of haloid-nitro-derivatives of 
benzene, however, have been shown to exist in several modifications differing in 
crystalline fonu and melting point, but readily convertible into eacli other. Thus, 
according to Jungfleisch, two dinitrochlorobenzencs may be obtained by nitration of 
chlorobenzene, one of wbicli is converted into tho other by merely bringing the two 
kinds of crystals into contact, the reverse change being effected by suddenly cooling 
the fused, substance (vii. 145). Two modifications of nitrotetrabromobenzeno exhibit- 
itig.a similar behaviour have been described by v. Bichter (viii. 182). Laubenheimer 
Chem. Gea, Ber. ix. 766) sttites that metachloronitrobenzeno exists in two 
forms, differing about 20® in melting point ; and that no fewer than throe crystalline 
modifications, and probably a fourth liquid modification of nitrometachloronitroben- 
zene may be obtained (viii. 183). A number of similar instances have been observed 
among oxygenated compounds of other classes. Thus Zincko has described two 
modifications of diphonyl-ketono or benzophenonc (vii. 176), two modifications of 
tolylphenyl-ketono, and also two raodificiitious of tho diocetate from isohydroljenzoiii ; 
and Tollens has shown that dibroraopropionic acid, CH^Br.CHBr.COOH, may bo 
obtained crystallised in two forms of different melting point. It appears probable, 
as Laubenheimer has suggested (Ber. ix. 766), that the existence of these modifications 
is duo to tho formation of aggregates of the ultimate molecules of different degrees 
of complexity, the crystals being regarded as built up of such aggregates ; and if it 
be assumed that the stable modifications consist of aggregates of b sser, and the 
unstable modifications of aggregates of greater complexity, wc have an explanation 
of the fact that the melting point of tlie stable modification is alwaiys liiglier than that 
of the unstable, and that the unstable modification is formed by heating the substance. 
If such bo the nature of these modifications, however, it appears desirable that 
they should be spoken of as physical modificatvcniBy and not as physical isomerides. 

It is chiefly among the alcohols and acids that we 'meet with well-marked instances 
of isomerism which cannot apparently he explained by our present theory. Tho 
instances alluded to are, in tho case of the alcohols, the diplienylglycols, hydrobenzo’m 
and isohydrobenzoin, and the hexhydric alcohols, mannitol (mannito) and dulcitol 
(dulcite) ; the glucoses, which are closely related to the two latter alcohols, afford 
additional examples. 

Hydroben-zoin and isohydrobenzoin arc formed simultaneously by reduc- 
tion of benzaldchyde, and therefore the most probable formula that can be assigned to 
them is that of a symmetrical diphenylglycol : 

2(C*H*COH) + 2H = C*H».CH(OH).CH(OH).C«H». 

This formula is confirmed, and tho possibility of isomeric change having taken place 
in the formation of either is prechided by the fact that both furnish benzaldehyde on 
oxidation, almost in the proportion required by the equation : 

C*H\CII(OH).CH(OH).C«H‘‘ + 0 * 2(C“H».COn) -h H*^0. 

* Quite recently Tildcn has shown that the terpenes may be directly converted into dihydrochlo- 
rides, by enbinittinR them to the action of hydrochloric acid when dissolved iu alodiol, ether, or 
acetic acid. Except sylvestrenc, all the various terpenes and dtrenes fnrnii^ the same dihydro- 
ddoriUe. 
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The only other possible formula which could account for this behaviour on oxidation, 
viz. 0*H‘.C(0H)*.CH*.C"H*, cannot be assigned to either of them, on account of their 
comparative stability, all known compounds in which two hydroxyl groups are asso- 
ciated with the same carbon-atom being highly unstable bodies. Further evidence of 
the identity of the two alcohols from a chemical point of view is afforded by their 
behaviour with phosphoric pentachloride and with dilute sulphurjc acid ; the former 
•eagent converts each into a chloride of the formula but the productJS from 

the two sources are identical ; when boiled with the latter, both furnish diphenyl- 
acetaldehyde, (C“H*)*11C.C01[, and a crystalline non-volatile body of the formula 
C'*H**0, the body of this formula obtained from the one being however isomeric 
with that obtained from the other, and apparently in the same sense that the parent « 
alcohols are isomeric (Forst a. Zincko, Liebig*8 Annalen^ clxxxii. 241 ; Zincke and 
Breuer, Defut. Chem. Ges, Ber. ix. 1769). 

The evidence that mannito 1 and dulcitol must have identical formulae assigned 
to them is equally strong. By their conversion into secondary hexylic iodide (Hecht), 
CH*.(CH'‘*)*.CHI.OH*, both are proved to be derivatives of normal hexane ; and as they 
are compounds of relatively very considerable stability, each of the hydroxyl groups 
must be regarded as associated with a distinct carbon-atom, so that their formula 
must be written 

CH*(OH).OH(OH).CH(OH).CH(OH).CH(OH).CH>*(OH). 

If this be the case, the only possible formula for l^e glucoses, dextrose, loevulose and 
galactose — supposing them to be bodies of identical molecular weight — is the 
following : 

CH2(On).CH(OH).CH(OH).CH(OH).CH(OH).COH, 

since they are penthydroxylated compounds, and are directly convertible into*mannitol 
or dulcitol by the action of nascent hydrogen. 

Passing now to the acids, we have to notice the examples afforded by the lactic 
acids, by malic and tartaric acids, by miicic and saccharic acids, by the hydromellitic 
acids, by the crotonic acids and a number of their homologuei^ by mal8ic and fumaric 
acids and their homologues, and by the camphcfric acids. 

The researches of Wislicenus have shown th^t a modification of ordinary lactic 
acid exists which differs from the latter only in that it is optically active : in their 
chemical reactions the two modifications are precisely similar, and both can be repre- 
sented only by the formula 

CH*.CH(OH).COOH. 

Several modifications of malic acid exist, apparently corresponding with the several 
modifications of tartaric acid, viz. a lavorotatory modification, which occurs naturally, 
a dextrorotatory modification, formed by partial reduction of tartaric acid (Dessaignes, 
Bremer), and one at least optically inactive modification (Loydl, Liebig's Annalen, 
cxcii. 80). Theory admits only of the existence of a single acid of the formula 

COOH.CH*.CH(OH).COOn. 

Ta r t a r i c a c i d, it is well known, exists in four distinct modifications. Eacemic acid 
is no doubt a body of different molecular weight from either Isevo- or dextro-tartaric 
acid,. and it is not impossible, although improbable, that mesotartaric acid is also ; but 
laevo- and dextrotartaric acid are undoubtedly isomeric. There is, however, only one 
formula which can bo assigned to a body behaving like dextro- and Imvo-tartaric acid, 
viz. ’ , 

COOH.CH(OH).CH(OH).COOH ; 
the alternative formul®, ** 

, COOH.CH*.C(OH)*.OOOH and CH^OH).C(OHXCOOH)2 or CH(OH)2 CH(COOH)2, 
are entirely out of the question. 

The camphoric acids obtained by oxidation of the various modifications of 
camphor, like the parent substances, appear to differ only in their optical characters. 

Saccharic and mucic acids being derived from mannitol and dulcitol respec- 
tively, and being directly obtained therefrom by oxidation, must both be represented 
by the formula 

CO(OH).CH(OH).OH(OH).CH(OH).Cn(OH).COOH, 

which also is in accord with their general behaviour. 

Hydro- and isohydromellitic acjds, C*H*(COOH)*, afford another instance 
of two compounds which apparently must be represented by identical formul®. The 
former undergoes slow spontaneous conversion into the latter when kept, and the change 
is easily effected by heating with strong hydrochloric acid solution at 180°. The car- 
boxyl groups in hydromellitic acid must be regarded as ^h associated with a dif- 
ferent carbon-atom, and Baeyer assumes that the conversion into the iso-acid is the 
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result of the transposition of one of the carboxyl groups. But. the fact that the iso-^d 
is an extremely stable body, and far more stable than mellitic acid, entirely negatives 
the assumption that more than a single COOll-group is associated 'with a single 
carbon-atom. 

Orotonicacid being represented by the formula CIP.OH=:CH.COOH — on account 
of i ts|(nrmation from acetaldehyde and of its behaviour on oxidation, and methacrylic 
acMvMfefehe formule£ 0(0K’).C00H — because of the production of a mixture o£ 

formiE-and propionate on fusing it with potassium hydroxide, isocrotonic or quart- 
cuylic acid (vii. 397 ; viii. 586), has been represented by the third of the three formulae 
possible for an acid of the composition O^H^.OOOll, viz. 

CH2zrCH.OH*.COOII. 

Becent investigations, however, throw considerable doubt on the correctness of this 
conchision, and render it extremely probable that both crotonic and isocrotonic acids 
must bo represented by the same formula. Thus the formation of acetate alone on 
fusing it with potassium hydroxide, instead of a mixture of formate and propionate, 
has been ‘ explained ’ by the assumption of a previous isomeric change similar to that 
which occurs on heating the acid ; but, apart from the fact that the conversion of 
isocrotonic into crotonic acid is not complete even after prolonged heating at 170°- 
180° (Alberti), it has boon shown that similar products (formiv;, acetic and oxalic 
acids) are obtsiined when the oxidation is effected entirely without the aid of heat by 
permanganate (Hemilian, Liebig's ^nnalen, clxxiv. 33o). It may bo argued that the 
conversion of an acid of the formula CH-^^irGlI.GIP.COOlI into that of the formula 
CH®.CH— GH.COOH is not without analogy, and is therefore probable, since allylic 
alcohol, CH*=:GU.GU2.0H. yields solid crotonic acid, GIls.GlI^GH.GOOir, when the 
cyanide prepared from allylic iodide by double decomposition with potassic cyanide is 
digested with alkali, &c. ; the oxidation-proclucts of allylic alcohol and iodide, and of 
the cyanide and crotonic acid which they furnish, are, however, very different, no acetic 
acid<being. obtained from either of the former (Kokule and Kiniio, Veut. Chem. Ges. 
Ber. vi. 386), • and it appears improbable that ait acid having the constitution 
CH*=CH.CH*.GOOH T^ould furnish Hectic acid on oxidation. 

If crotonic and isocrotonic acids l^ave identical formulae, the two clilorotonic acids 
obtained from ethyl acetoacetato must also be represented by identical formulae, 

: Cinnamic ^cid, C*II*.CH— CII.COOH, the analogue of crotonic acid in the 
aromatic series, tnfords another instance of isomerism requiring further elucidation. 
According to Olaser, the dibromide of this acid yields two isomeric (a and j3) bromo- 
cinnamic acids ; that of lower melting point (/3) is converted into that of higher 
melting point by mere distillation or by heating with hydriodie acid, and Barisch has 
rece^ly shown («7. pr. Chem, [2], xx. 173) that the otliyl salt prepared from the 
/3-acid is identical with that obtained from the a-acid. The a-acid being represented 
by the formula G®H*.OBr~GiI.COOH, the only other possible formula for an acid 
formed in such a manner, viz., C®H*.Cn:z=CBr.COOH, is assigned to the /3-acid, but it 
must be admitted that direct evidence of the correctness of this fonnula is wanting. 
The formation of cinnamic acid from both a- and /3-bromocinuameno by the action of 
sodium and carbonic anhydride is also remarkable. 

Thd isomerism of angelic and methylcrotonic acids, C^Il^OOOH, is also 
highly remarkable. The former is converted into the latter by mere distillation. 
Both furnish the same products on fusion with potassium hydroxide, when combined 
with hydrobromic acid, or when combined with bromine, but dissimilar iodovaloric 
acids when united with hydriodie acid (compare Doman;ay, Compt. rend, Ixxx. 1400 ; 
txxxiii. 906; Fittig^Kopp and Pagenstechcr, Xieft/ys Annalen, cxcv. 81-128; Schmidt, 
Deut, Chem, Ges, Ber, xii, 262). The dibromide prepared from angelic acid is de- 
prived of its bromine by distillation or by the action of nascent hydrogen : the parent 
acid is not regenerated, however, but methylcrotonic acid is produced instead. 
This behaviour can be represented in accordance with our present symbolic system of 
notation only by assigning the same formula to the two acids. 

Lastly, it appears probable that the difference between oleic and olaidic acid is 
of the same order as that which obtains between the crotonic acids and between angelic 
and methylcrotonic acid, as they furnish the same products on fusion with potassic 
hydroxide, and are both converted into stearolic acid by the withdrawal of 2 atoms of 
hydrogen. • 

Passing to the bi basic acids, fumaric and maleic acid and their homologucs, 
citraeonic and mesaconic aa>ids, are apparently also to bo included in the category of 
exceptions. As fumaric and maleic acid do not lose carbon dioxide when heated, and 
both yield ordinary succinic acid when treated with nascent hydrogen, we must assume 
that in both the carboxyl groups are associated with different carbon-atoms ; but tliere 
is only one formula possible satisfying this condition, viz., COOH.CIfcCIf.COOlI. 
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anless indeed ve assume as Kekule and more recently Fittig have suggested (Liehig'a 
Annalen, clxzxviii. 95) that in the so-called unsaturated compounds the affinities of the 
carbou'atoms ivhich are not engaged with other elements need not necessarily 
mutually satisfy each other : in this case the following formula is also possible, 

cooH.cn’clcoon. 

^ain, there are only two formulae by which the pyrocitric acids, itaconic, citl^ixic 
and mesacouic acid can be represented, since each is converted into methylsuC^nic 
(pyrotartaric) acid when submitted to the action of nascent hydrogen, thus : 

CH«.CH(COOH).CIP.COOH 

Mctbykuccinic acid. 

CH*=:C(C00H).CH2 COOH, and GIl».C(COOH)=CH.COOH. 

Pyrocitric acitls. 

Itaconic acid is most probably represented by the first of these formulae, as it yields 
allene, CH®:=:C=:CH^ on electrolysis ; only one formula therefore remains for both 
citraconic and mesaconic acid, but this accords entirely with their general behaviour 
and especially with the fact that both furnish methylacetylcne (allyleno) on electro- 
lysis. If, however, wo admit the * unsatisfied affinity’ hypothesis, we may, as Fittig 
suggests, represent the one acid by the formula 

CH.C(COOn)=:OII.COOH, 
the other hy the formula • 

CH»CH(COOH).C.COOH. 

But although this hypothesis appears to be applicablo in the case of thoso acids, and 
also in the case of the acids of the acrylic series before alluded to, it does not enable us 
to explain the isomerism of mannitol and dulcitol, of the two hydrobcnzoins, of the 
hydromellitic acids, or of the two tartaric acids of opposite rotatory powtw, which 
are all saturated compounds : this, being so, it appeal's desirable to seek farther for an 
explanation which sbill include tho whole of tlief exceptions we* have referred to, and 
not to accept one which is only of very limited application. 

Two other remarkable instances of isomerism yet remain to be noticed : that 
afforded by the methylethylsulphine-^iompoundB, and that afforded by certain 
hydroxylamine derivatives. 

Thus, according to Kruger (/. pr, Chem. [2], xiv. 193), the sulphur metho- 
diethiodido, CH*.S(C'^H*)'“I, obtained by combining methyl iodide with ethyl sulphide, 
not identical with tho body of the same composition produced by combining ethyl 
iodide with methyl-ethyl sulphide : tho former compound and all the simple salts 
prepared from it by displacing the iodine by other negative radicles being so extremely 
soluble and deliquescent as to be uncrystallisable, whereas the latter crystallises 
readily in long needles, and furnishes a series of double salts which are all deeper iu 
colour, of different crystalline form, and have lower melting points than those of the 
same composition derived from tho body prepared in tho manner first described ; 
moreover, the chloride obtained from the former furnishes with mercuric chloride a 
double chloride of tho formula S(C*H^)*(CH*)C1.6HgCl*, while that from the latter 
yields only a double chloride of the formula S(C'‘*H‘‘)*(CH*)C1.2ngCR 

If the formula generally assigned to hydroxylamine bo correct, viz. N'"H*.OII, 
at most two isomeric derivatives tfhould be obtainable from it, and the only alternative 
formula by which its relation to ammonia can bo expressed, does not admit 

of the existence of any isomeridos. Lessen, however, has shown tlut by varying the 
order in which benzoyl and anisyl aro introduced in place of the three hydrogen -atoms 
no fewer than three isomeric dibcnzoylanisyl and th7'ee isomeric dianisylbeiizoyl deriva- 
tives may be obtained, all but one of which moreover are dimorphic, one being even 
trimorphic (comp. pp. 1075-1079). 

The formuls of our present system are all constructed on tho hypothesis that the 
seveml units of affinity of a polyad atom such as that of carbon, sulphur, or nitrogen, 
are of the same value and have identical functions. If it be assumed that this is not 
the case, the anomalies abovo noticed would appear at once to meet with an explana- 
tion. But such an explanation cannot bo regaidcd as satisfactory, or oven probable, 
when it is remembered that none of the simpler deriv*itives of methane, ammonia, &c., 
exist in a greater number of modifications Jhan our theory requires, the anomalous 
bodies being all of comparatively complex composition ; ana that, according to this 
view, the number of possible isomerides would be very greatly in excess of that 
required by the present hypothesis : this latter argument being almost without doubt 
perfectly valid, as our knowledge of the simpler compounds, though necessarily 
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fkr from complete, is sufficiently advanced to warrant the conclusion that if such 
are really capable of existing, they would long ere this have been discovered. In fact, 
all things considered, the agreement between theory and practice is wonderfully com 
plete, and this alone suggests that our present system must be a very close approxi- 
mation to the true system. 

Again, if it be assumed that our present formulae are not merely symbols indi- 
cati^l the chief chemical charactenstics of the compounds to which they refer, but 
that they are really representative of the relative mode of arrangement of tSe 
atoms in the compounds, it may be supposed that, even if the hydrogen-atoms in a 
compound such as methane are of equal value, isomeric derivatives are still possible, 
since the radicles introduced in place of the hydrogen -atoms may occupy relatively 
different positions in the molecules ; thus two di-derivalives of the form CIIRR,R| 
(figs. 8 and 9), two of the form CRRRjRj (figs. 10 and 11), and np fewer than throe 
of the form CRRiR^Ry (figs. 12 , 13, and 14) would appear to be possible, R, R„ R 2 
and R, being different monad radicles. Moreover, the group R« in the formula 
CRRRRi (fig. 15), has obviously on this hypothesis a different value from that of the 
group R,, so that in a compound such as chloromethane, CH®C1, one of the hydrogen- 
atoms should have a special value. Conclusions of this kind are so entirely opposed to 
all experience, that they may be regarded as out of the question. 


Fio. 8. Fin. 9. Fin. 10. Fio. 11. 



Van’ t Hoff oas proposed a system of formulae based on the arrangement of the 
symbols in space, instead of in a single plane, which indicates a greater number of 
isomerides than our present system, and to which the objection above made does not 
apply (Van’ t Hoff, La Chimie dans VEspace, 1875 ; comp. Die Lagtrung der Atoms 
im Haume^ a German adaptation of Van’ tHoff ’s pamphlet, by Herrmann, 1877) 
Similar views have also boon advanced by Lo Bel {Bull. Soc. Chim. xxii. 337 , 
comp. ibid, xxiii. 295). 

The fundamental hypothesis of the Van* t Hoff system consists in supposing 
that the carbon-atom occupies the centre of a tetrahedron, and that its four affinities 
are directed towards the four solid angles. The compounds of the forms CRRRR, 
CRRRR,, CRRR,H„ and CRRRiRj, cannot exist in isomeric modifications, as in these 
cases a difference in the relative positions of the various radicles is not conceivable, 
but when all four radicles associated with the carbon-atom are different, two iso- 
merides are possil&le, represented by figs. 16 and 17* 

Fig. 16, Fio. 17. 





An observer lying along the edge R 3 , having his head at R, would in the one 
case (fig. 16) see Rj on his right hand, and in the other on his left hand : the two 
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tetrahedrons bearing to each other precisely the relation of an object to its reflected 
image, and whatever the position in which they are placed, they cannot be superposed. 
A car]^n>atom in this condition is termed asymmetrio^ and its presence in a formula 
may be indicated by an italicised C, 

A combination of two carbon-atoms, associated by a single affinity of each, is 
represented by two tetrahedrons joined together, as in fig. 18. ^ 

ik 

Fia. 18. 



Supposing the four corners H„ Rg, B4, of this figure to be in the same plane* 
and folding down the triangles BjB^B,, B4B5Ba, in this plane, we have in fig. 10 a 
simpler symbol of such a combination. ^ • 

Fia. 10. Fio. 20. Pto. 21. Fio. 22. 
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If the formula were nob symmetrical, a compound such as this should exist in 2^ = 16 
isomeric modifications, thus : 
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But since A«D and B = C, replacing D by A and C by B, it is evident that the 
symbols 2, 3, 4, 6, S, 12, are merely reversals of the symbols 9, 5, 13, 11, 15. 14, so 
that only the 10 tollowing isomeric modifications appear possible : 



The number ( N^) of isomcrides possible of a compound represented hy a asymme- 
trical formula containing n asymmetric atoms of carbon is tliorelbre : * 


(2)i 


2 


OP, since there must always be an even number of asymmetric carbon-atoms in a 
compound of symmetrical formula, we may substitute 2/» for n \ honco 


N ., = (2) I - + = (2) I >-'(1 + 2'). 

i 


The hypothesis also indicates a greater number of isomcridp,s than our present 
theory in the case of compounds in which the c^irbon-atonis arc associated by two 
jiffinities of each, represented by the general formula 

(R,R,)C=C(K3R,) 

where R„ Eg, Rj, R^, are identical or different monad radicles. Such a combination 
is represented by two tctralietlrons having one edge in common. If the four radicles 


Fig. 30. 


Fig. 31. 



are identical, only one figure of this kind can be constructed, and this is also the case 
when only R, differs from Rg, or R, from R^ ; but if Ri be different from Rj, or R, 
from R^, although R, and R^and R^ and R^ are identical, two such figures may be con- 
structed (30 and 31), in which the radicles R, R* occupy different positions relatively 
to the radicles R, Rj. The number of possible combinations of the form in question 

4 E 2 




1140 ISO-OXYCUMIC ACID. 

which may be produced being represented by the following arrangements of the 
symbols Bj,&c. : 

(1) nfi, (2) R,R, (3) R,R, (4) R,Rj (5) R,Ri (6) R^Rj (7) RjRj 

R,R, R,Ra BaR, R^Ra R^Ra R,Rs R,R4 
only those numbefed 4, 6, and 7 may bo expected to exist in two isomeric modifica- 
tions. O 

The hypothesis does not indicate a greater number of isomerides than our present 
theory in the case of compounds in which the carbon-atoms are united by three 
affinities of each, or in the case of the benzene derivatives. 

Van* tHoif has pointed out {op. cii.) that the isomerism of hydrobcnzo'in and iso- 
drobenzoih, of the two lactic* acids, of the two dibromosuccinic acids, of fumaric and 
maleic acids, of citraconic and mesaconic acids, of crotonic and isocrotonic acids and 
the corresponding chlorocrotonic acids, and of oleic and elaidic acids may bo explained 
on the above hypothesis ; and the additional instances that have been cited above, 
including the sulpliine compounds, but not the ihydroxylamino derivatives, would 
also appear to meet with an explanation, if such a hypothesis be admitted.* 

There is, however, an objection of considerable force to any such hypothesis, that 
it does not satisfactorily account for the very considerable difference in properties 
between many of the bodies instanced, such as the hydrobenzoins, mannitol and 
dulcitol, the glucoses, angelic aUi methylcrotonic acids, &c. As van’ tlloff himself 
admits, isomerides differing in ‘ constitution * only in the manner described might be 
expected to differ in a comparatively slight degree and chiefly in certain physical 
properties ; hut there is a most distinct and often very considerable difference in so- 
called chemical properties between many of the bodies in question, dextrose and 
Isevulose, for example, the latter undergoing fermeniation less readily than the former, 
and yielding when digested with dilute sulphuric acid, acetopropionic acid, which 
is not 'prod^uced from dextrose. If, as appears probable, the influence which a given 
substance exercises ctfi the polarised ray is duo to ^he molecules themselves, and is to 
a great extent independent of intci'molecular action, it is conceivable that between 
bodies differing only in such a n^anner in constitution, there should be a difference 
such as that observed between dextro- and laevo-tartaric acid ; but it is almost im- 
possible to admit that there should be so substantial a difference in physical proper- 
ties, such as melting and boiling point, which are chiefly dependent on intermolecnlar 
action, or on so-called chemical properties, as exist between many of the isomerides 
we have mentioned.f 

In fine, whatever the imperfections of the present system of notation, it does not 
appear that any modification yet suggested is better adapted to the end in view ; and 
it may he doubted .whether a more perfect system can be devised which does not take 
into account.the dynamics of the molecules, and especially the loss or gain of energy 
involved in the passage of one system into another in similar reactions of isomerides. 

H. E. A. 

XBOWZTROBVTiLirB. See Nituofarxffws. 

1 S 4 

WO-OX7CUMZC ACZD, C'»H'='O»=:C*Jr>(CO-'II.OlI.C»H0 (Jacobsen. Deut. 
Chem. Ges. Ber. xi. 1058). This acid is formell by prolonged fusion of carvacrol with 
potash ; it may bo purified by oXiidifying the crude product and distilling it in a current 
of steam ; and separates out in fl^t needle-shaped (Crystals on adding hydrochloric acid 
to a solution of one of its salts. It melts at 93°, is only slightly soluble in cold 
water, but dissolves freely in hot water, also in alcohol, ether, and chloroform. The 
cold aqueous solution gives a deep red-violet colour with ferric chloride. TJie barium salt 
crystallises in anhydrous rhombic tablets, slightly soluble in water. The calcium 
8(dt, also anhydrous, crystallises in very soluble silky needles. The potassium salt 
is very soluble in water, but crystallises well ; its concentrated solution gives with 
ferric chloride a dirty violet precipitate which dissolves in a large quantity of water 
with a fine red-violet colour ; po precipitate or coloration with ferrous salts ; no 
precipitate with magnesium salts. With zinc, manganese, cadmium, and silver salts, 
it forms precipitates which dissolve in boiling water and crystallise out on cooling. 
The cupric and mercuric salts are likewise soluble in hot water. 

* Van* tTfoff has pointed out that all compounds capable of rotating the plane of polarisation of 
a ray of light have one or more asymmetric at* ms of carbon in their formulie ; the converse does not 
hold good, however, that all compounds containing asymmetric carbon-atoms are optically active, 
but he has discussed a possible explanation of this (sceart. Light, section Circular PolarimtUmf Theory 
of the Constitution of optically active bodies)* 

t It may bo questioned whether any two compounds different in physical cbaracteis are predsely 
alike in so-callcd chemical properties ; the two tartaric acids, which probably resemble each othei 
more closely than any other two comirannds with which we are acqu^nted, undergo fermentation, 
it is said, with different degrees of readiness, the dextro-rotatory acid disappearing £8^ 
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Iso-ozjcumic acid heated alone to 236^-238° or with hydrochloric acid to 190®, is 
for the most part resolved, with ebullition, into carbon dioxide and the corresponding 

phenol, viz. Tnetaprapylhydroxyl-benscne^ C®I1“(0H) = C®H^C*H’)(OH). See Phenols 

and PllOPYL-BKNZBNE. 

XSOFfiSrTYXMETKYZi XETOITS. See Ketones. 

* ZSOPZAXrXC ACZB. See Naucotine-dkjbivativbs. 

ZSOPZC ACZB, syn. with Methyhwrhemipinic acid. See Nabcotine-debiva- 

TIVES. 

ZSOPZCRZC ACZB. See Picric Acid. 

XBORCXXr. SeeORCiN. 

ZTACOirZC ACZB. See Pyrocitric Acid (p. 517). 

ZTABZBROMOPYROTAItTAllZC ACZB. Sco Pyrotautaric Acid. 
ZTAlRAZiZC ACZB and XTATARTARZC ACZB. See Pyrocitric Acids 

(p. 618). 

ZXOBYTE. A fossil resin, occurring in the lignite of Gloggnitz, in the form of 
fluid drops which darken in colour and harden on exposure to tlie air. AVIien fused 
with potash, it yields pyrocatechin (Weidcl, Wien. Akad. Ber. [2], Ixxiv. 387). 


J 


JABORARBZ. This is the native name for several drugs of a sudorific and 
salivating character, consisting of the leaves an^ twigs of various species of Pilocarpus 
and other trees growing in lirazil, Paraguay, and Pernambuco. Some varieties are 
said to be obtained from P. pinnatifolius growing in northern Brazil. According to 
E. M. Holmes (Pharm. J. 'JVaris. fS], v. 681, 641) the jaborundi of Pernambuco is 
most probaldy obtained from P. Selloanus; according to Schelenz (^Arch. Pharm. [3], 
vii. 414) and Baillon {ihid. 327) the drugs included under the name of Jaboraudi are 
obtained from a whole scries of plants belonging to ditferent families. 

Byasson {Pharm. J, Trans. [3], v. 826) has obtained from .laborandi leaves as 
alkaloid W’hich ho calls jaborandi no, and regards as the active principle of the 
plant. It is viscid ; tastes sharp and bitter; volatilises like nicotine with vapour of 
water in presence of ammonia; dissolves in chloroform, ether, absolute alcohol, 
amnioniacal water and dilute acids. 

A. W. Gorrard {ihid. 865, 966) prepares from jaborandi bark an alkaloid which 
ho calls pilocarpine. The bark is exhausted with alcohol; the soft extract re- 
maining after evaporation of the solvent is washed on a filter with water ; the watery 
filtrate is evaporated at a gentle heat to the consistence of a fluid extract ; ammonia 
is added in slight excess ; and the jiquid is shaken up with chloroform. The chloro- 
form solution when evaporated yields impure pilocarpine. The hydrochloride, nitrate, 
and sulphate of this base are crystalline salts which dissolve in water and produce 
the characteristic physiological effects of jaborandi. Gerrard also found in jaborandi 
an acrid resin, tannic acid, chlorophyll and a volatile oil. • 

E. Hardy {Bull. Soc. Chim. [2], xxiv. 497) prepares pilocarpine by exhausting 
jaboraudi leaves with water ; evaporating the liquid to a syrup ; mixing the residue 
with excess of magnesia and diying it ; exhausting the dried residue w'ith chloroform ; 
evaporating the extract, dissolving the residue in water ; and evaporating the filtered 
solution in a vacuum. Pilocarpine thus obtained is a syrupy mass, forming crystalline 
salts with hydrochloric, nitric and sulphuric acids. 

By distilling jaborandi leaves with water, Hardy obtained a volatile oil consisting 
mainly of a hydrocarbon, 0'®H'®, called- pi lo car pen e, having a fragrant odour, u 
specific gravity of 0'862 at 18°, vapour-density = 4*0, and boiling at 178®. 

Kingzett {Chem. Soc. J. xxxii. 367) finds tliaf the alkaloid obtained fi*om the 
stalks and branches of jabomndi is amorphous, and yields an uncrystallisable hydro- 
chloride. The gummy base dried in a vacuum gave by itnalysis numbers agreeing 
with the formula 4lPO, and that of the platino-chloride dried at 80°, 

led to the formula 2HC1, PtCP. This salt crystallises in reddish-yellow 

octohedrons slightly soluble in cold, easily in hot water. 

On the physiological action of jaborandi, see Continho a. Gubler (A^. Btp. Pharm, 
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xxiv, 231, 233 ; Robin, ihid. 236 ; Jahreab. /. Chem. 1875, 888 ; M. Stumpf, N, Bep. 
Pharm, xxv. 703). 

JACOBSITB. A mineral from lilngban belonging to the spinel group ; it is 
Strongly magnetic and has the following composition : 

Insol. 

Fe»0» Mii“0=* ^ 3lnO MgO CaO F'O* Pb residue 

58-39 6-96 29-93 1-68 0*40 0-06 1-22 2*17 = lOO’Sl ^ 

leading to the formula MnO(Fe“0®, Mn^O®) (A. E. Nordenskiold, Jahresb. f. Min, 
1878. 206). 

JAXIKBSOlirZTE. Sulphantimonitc of Lead (iii. 442). — This mineral occurs, 

• together with arscniciil pyrites, iron pyrites and copper pyrites, in a vein of crystalline 
calcite implanted on clay-slate in the Sierra de los Angulos, the northern continuation 
of the Sierra do Famalina in the Argentine Republic (p. 733). ft forms fibrous to 
cauline aggregates or crude masses ; has a specific gravity of 4-25 ; melts without 
decrepitation when heated ; and gives by analysis tho following numbers : 

S Sb As Pb Ag Cu Zii Pe 

21-75 32-00 0-20 39-05 1-34 3*45 062 2-00 = 100-41 

(A. Stolzncr, JahrKf. Min. 1874, 537). 

JABOSZTE. This native potissio-ferrous sulphate originally found in yellowish 
rhombohedrons at Baranco Jaroso, near the Sierra Amugnora in Spain (iii. 443), 
occurs also at Boresowsk, in blatkish-brown crystals exhibiting the combination 
R . OR. Angle R : R = 89-8° (N. v. Kokscharow, Jahrb.f. Min. 1875, 872). 

JAVABZIZE. An alkaloid not yet fully examined, occurring tn the bark of 
Cinchona Calisaya, var. Javanica (Hesse, BerL Ber. x. 2152). 

JBFrBRZSZTE. This name was given by Brush to a chloritic mineral from 
tho serpentine of West Chester, Pennsylvania (vi. 763). The same mineral occurs 
accompanying corundum in the Oulsagee mine near Franklin, Macon County, 
N. Carolina. *Analysia\^ 1. Broadly laminar variety f«ora tho Culsagee mine, analysed 
by Konig. 2, Tho same bjr ChataAl. 3. A greenish-brown-yellow microlaminar 
variety from the same locality an?\)ysed by Chatard. 4. Broadly laminar variety 
from West Chester, by Konig. 5. The same by Chatard : 



SiO» 

APO* 

Fe»0* 

FeO 

MgO 

Loss by 
ignition 

1. 

33-93 

17-38 

5-42 

0-50 

23-43 

19*17 = 99-83 

2. 

33-77 

17-56 

5-61 

0-50 

22-48 

20-30 = 100-22 

3 ! 

34-00 

20-36 

4-91 

0-42 

21-71 

18-50 = 99.90 

4. 

33-35 

17-78 

7-32 

2-11 

19-26 

19-87 = 99-69 

5. 

34-40 

16-63 

8-00 

2-11 

19-30 

19-03 « 99-47 


Sm-dll quantities of potash and soda wore also present but not determined (F. A, 
Genth, Contrihutiam front the Laboratory of the University of Pcnnsylvaniaf No. 1« 
J. pr. Chem. [2], ix. 49). 

JBBVZZrE. See Verataum Alkaloids. 

JBTPOOBZTE. This, according to W. A. Ross (Proc. Boy. Soc, xxi. 292), is 
the correct name 5f the native cobalt sulphide, hitherto called Syc-poorite (1-1060), 
occurring in the copper mines of Khetree in the principality of Jeypoor in Rajpootana, 
India. A blow-pipe analysis made with a very smaH quantity of material gave 82 
per cent, cobalt, 7 antimony, 6 ars'onic, and at most 5 sulphur, whereas the older 
analysis by MiddleAon gave 64-64 Co and 35-36 S, agreeing nearly with tho formula 
CoS. The mineral occurs in very small monomctric crystals ooOoo . 0 . ooO, in an 
intimate sandy mixture of magnetic pyrites, copper pyrites and quartz. 

JOOTXVAZTB. This name was given by tho late N. v. Nordenskiold to a 
mineral species (commonly regarded as an earthy scorodito) formed by decomposition 
of arsenical pyrites in the mountain-range of Adan-Tschilon, in the Government of 
Nertschinsk (N. v. Kokscharow, N. Peter sb. Acad. Bull. xix. 564). 

JOBBAirZTB. This sulphur-compoiuid, originally found in the Binnentbal 
fvi. 763), occurs also at Nagjag (Tschernu^, tTaArA. /. Min. 1874, 188). Analyses'. 
(1 and 2). From the Binnenthal (Sipocz, Jahtb. f. Min. 1873, 614). (3). From 
Nagjag (E. Ludwig, ihid, 1874, 188) : 


(1). 

(2). 

8 

18-18- 

t As 

12-78 

« Sb 

Pb 

68-99 =» 

99-95 

18-13 

12-86 

0-11 

68-95 = 

100-05 

(3). 

17-06 

9-90 

1-87 

70-80 * 

99-63 


Sipocz deduces from his analyses the formula PbAs'‘'S^ 
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jUO&OirSi See Nucin. 

JUirXPSR* The followinp; aualyeis of juniper-berries, differing considerably 
from that by Donath (vii. 710), is given by Bitthausen (Landw, Fersuchs’Si. 
XX. 409) : 

Water. . . . 10*77 per cent. Other substances soluble 

Fat, resin and essential in water . . 11*70 per cent. 

• oil . . . . 12'24 „ Non-nitrogenous matter 

Albuminoids . . 5 41 „ sol. in H*SOS and in 

Woody Fibre . .31*60 „ caustic alkalis, but not 

Grape-sugar. . . 14*36 „ in water , . . 10*65 „ 

Ash .... 3*37 II 

JUTE. The ^bre of certain tiliaceous plants cultivated in Bengal, chiefly the 
annuals, Corcho^'us capsularis and C, olitorius. The sowing takes place in March or 
April, and the crop is reaped in August before the seeds are ripe. The plants, which 
grow to the height of about 12 feet, are tied up in bundles and retted in water for 
flvo or six days, and then swung in the air to separate the long fibres from the brittle 
woody matter. In this state the jute is imported into Europe. Successful attempts 
have also been made to cultivate jute in China and in America, where it is used for 
the packing of cotton. 

The crude jute, about 12 feet long, is usually somewhat woody at the lower end. 
It is nearly colourless at first, but becomes dark-£oluurcd after some time. It is 
bleached by passing it, first tliroiigh an alkaline oath and then through a bath of 
magnesium or sodium hypochlorite. 

Jute is easily distinguished by the microscope from flax, cotton and hemp by the 
very irregular thickness of its ccJl-walls, so that the central space does not conform 
to the external outline, whereas flax fibre consists of bundles of cells having thick 
walls and a circular outline. Jute fibre, like all woody fibres, is coloured yellowish- 
red by aniline sulphate, and the presence of a considerable amount of woo(jy matter 
in jute is shown by the great depth of colour which it acquires when "thus treated, 
whereas hemp is scarcely affected by the same rcingcnt, and flax not at all. 

Retted jute fibre dried at 100® C. contains 15*540 per cent, water, 83*131 organic 
matter and 1*329 ash. A more detailed analysis gave the following results. 


Wax and fatty matters, soluble in ether = 0*2.36 

Tannic Jicid and colouring matters soluble in alcohol . . = 1*135 

Sugar, Pectin =- 2*427 

Soluble Nitrogecised matters *.= 0*512 

liLsolublo Nitrogenised raatlcrs s= 2*433 

Inorganic matters united with fibre = 1*010 

Cellular fibre = 92*248 

100*000 

Nitrogen in original fibre = 10*291 

Nitrogen in the fibre after treatment with solvents . . . = 10*210 


The fibre in its crude state contains 0*291 per cent, nitrogen, and after exhaustion 
with the reagents above mentioned, it still retains 0*210 per cent. 

The quantity of jute imported through Dundee alone amounts yearly to 100,000 
tons, and in addition large quantities are imported by way of London, Liverpool and 
Glasgow. 

Jute is used for the manufacture of all kinds of coarse spun Sind woven fabrics, 
such as sacking, mats, stair-carpets, &c. It also forms an excellent material for the 
making of flilse hair, and for the substance of silk hats. 


K 

XCAxnrXTE. H. Schwarz (Dingl, pol. J. ccxix. 345) nas analysed two samples 
of crude. kainite from Kalusz in Galicia (vii. 710), with thoTollowing results: 

Water 



MgSO* 

NaCl 

MgCl> 

Clay 

ami Loss 


21-65 

18*21 

29*02 

12*79 

2*38 

16*05 - 

100 

22-77 

17-20 

23*92 

14*60 

5*65 

16*86 = 

100 
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These numbers represent a mixture of about 51 per cent, schoiiite, (K^SO\ MgSO*> 
6H^O), 24-29 sodium chloride, 17-19 magnesium chloride (with 2B.H)), and 2 to 3 
clay. 

To obtain the potassium sulphate from this salt, Schwarz recommends the use of 
finely ground gypsum, which separates a double sulphate of potassium and magnesium. 
This double salt .may bo decomposed by boiling water, which dissolves out the 
potassium sulphate ; and the residual gypsum, perhaps containing a little potash, m%y 
be utilised for the decomposition of fresh quantities of kainite. 

Use of Kainite as Manure. — Experiments on the manorial effect of Stassfurt 
kainite (24*97 12*01 MgSOS 14*70 MgCP, 32 40 NaCl, 1*46 CaSO\ 12*00 

’ water, and 1*56 insoluble matter) have been made byP. WagnoT [Landw. Versuchs^St. 
Darmstadt, 1874), loading to the following results. The potsish introduced into the 
soil in the form of kainite, distributes itself more uniformly and more widely than 
pure potassium salts: consequently manuring with kainito is especially beneheial 
to deep-rooting plants. The chlorine-compounds in the kainite must be washed out 
of the soil, as they act injuriously on vegetation ; and for this reason kainito must be 
laid upon the land in autumn, winter, or tho beginning of spring. There is no fear 
of washing out the potassium salts at the same time. If an abundant enrichment of 
the soil with potasJi is descried, pure potassium salts are preferable to kainite. 

XAZSSR OZ&. See Petroleum. 

XAOZiZV. Analyses cf setml kaolins used in Austria for tho manufacture of 
bricks are given by F. Fischer (JDingl, poL J. ccxxvii. 65 ; Chem. Soc, J. xxxiv. 691). 
The composition and properties of kaolin from the Middle Variegate(l Sandstone of 
Thuringia are described by H. Herold {Jahrb.f. Min. 1875, 877 ; CAm. Soc, J. xxix. 
530) and by E. Schmid (JhArA. / Min, 1876, 669; Chem. Soc, J. xxxii. 119). A 
silicate having tho composition of kaolin, Si®Al*H*0*, but differing from it in specific 
gravity, and other physical properties, occurs imbedded in the porphyry of Stein in 
Carniola.^ Sp. gr. = 2*209. Analysis : 

BIO* A1*0* qaO MgO ' H*0 

46*97 38*96 1*17 0*12 14*24 == 100*46 

(F. Ullik, Min. Mitth. 1873, 197). 

Kaolin from Gdppersdorff, in the circle of Strehlon, Silesia, contains, according to 
C. Bischof (Deny/, pol. J, ccxiii. 60). 

lioss by 

SiO*(‘) SiO*(*J AFO* MgO CaO Fc*0* K»0 Na’O ignition 

21*44 49*00 21*35 trace 0*23 0*61 0*84 0*68 7*08 = 100*23. 

A kaolin from Langenstriegis near Freiberg contains, according to A. Frenzel 
{Jahrh. f. Min. 1874, 675), 48*82 per cent. SiO**, 38*51 AFO®, and 13*20 IPO 
(s 100*53). Under the microscope this kaolin appears to consist of crystalline 
granules. 

A plastic material from Collongcs, near Fort Thkluse in the Department of Ain, 
differiiig from kaolin by its smaller amount of silica and larger amount of water, has 
been analysed by Ador a. Rilliet {N. Arch. ph. nat. xlix. 242). By decomposition 
•with sodium carbonate it was found to contain 38*22 per cent. SiO*, and 35*40 AFO* ; 
with strong hydrochloric acid it yielded 39*60 SiO-and 34*01 AFO*. 

On the separation of kaolins by levigation, see Schlmsing, p. 552 of this volume; 
also Jahresb.f, Chem. 1874, p. 1261. 

XAPOX. Xhehi^ok-tree {Eriodendron anfructuosmi) of Jfix'A .and tho Indian 
Archipelago, bears a seed resembling, in many respects, that of the cotton-plant. 
Like cotton-seed, it is covered with a wool, which, though less suited for spinning 
than cotton, has long been used in India and tho Netherlands for filling bolsters, &c. 

Tho following analyses show tho composition of a trial-cake made from this seed, 
as compared wiUi that made from seed of the cotton-plant : — 


Water 

Nitrogenous (albuminous) compounds . 
Fat 

Non-nitrogenous extractive matter . 
Woody fibre 

Ash ....... 


Kapok cake Cotton cake 
. 13*28 12*60 

. 26*34 20*62 

. 6*82 6*36 

. 19*92 35*42 

. 28*12 20*36 

. 6*52 5*64 


The ash of the seed contains 28*5 per cent phosphoric acid and 24*6 per cent, 
potash; it would, consequently, have about the same manurial value as linse^ 
(Keinders, Landw, Versuchs-St. xix. 161). 
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XAltAJUFVBZTia. A mineral containing fluorine, from Kararfvet, near Fahlun 
m Sweden, formerly mistaken for gadolinito. It occurs in light yellow to brown 
imperfect crystals and crysbilline masses, sometimes weighing more than a kilogram, 
and associated with gadolinite and hjelmito. Sp. gr. 4‘93. Analyses made with very 
impure material gave, as a mean result : 

Oxides of 

- Ce,La,Di CaO MgO Fe’0“ P*0» P H»0 

67*40 1*24 trace 032 27*38 4*35 trace = 100*69 

(F. Eadominski, Cornet rend. Ixxviii. 764). 

XiiirBX OVAC. Syn. with Dammaiia Bksin (p. 625). 

XAZVA-ROOT. The root of Tiper metkysticum (n\. 466). E. Noltinga. A. 
Kopp {Monit, scicht. [3], iv. 9, 20) have found, in the alcoholic extract of this root, 
besides kawain — which is not a glucosido — a body, likewise neutral and free from 
nitrogen, crystallising in prismatic ncocUes, and like kawain yielding benzoic acid by 
oxidation. Kawain agrees in many of its properties with cubebin, but differs from it 
in the composition of its niti'o-dcrivativos. 

According to Guzent {Analyst,, i. 150; Jahresh. f. Chem. 1876, 894), kawain, 
kariikin, or methysticin is insf>)uble in water, and is coloured red by hydrochloric 
ac\d, the colour changing to a splt^ndid yellow on exposure to the air. Strong sulphuric 
acid colours kawain purple-violet, changing to green. 

XBATXBGZir. A mineral resembling Fowlefito (v. 107), occurring in a mass 
of yellow garnet at Franklin, New Jersey. The angles of its cleavage-prism measure 
64° and 116®. ,.Sp. gr. =3*33. Composition: 

SiO* MnO ZnO CaO H“0 

47*8 27*7 6*6 18*0 0*8 = 99*9 

(0. U. Shephard, Sill, Am, J, [3], xii. 231). 

XSWXrCOTTXTS. See Miabgykitb. 

XBRAMOBAZiZTB. This hydrated aluminium sulphate, Al^iJSO^lSITO, 
originally found near Kdnigsberg in Hungary (Ki. 446), occurs also as a granular, 
crystalline, ochre-yellow efflorescence, on the clay-substtince interposed between the 
lignite bocls of the Jlauorsberg near Bischoffsheim, Rhon. The mineral from this 
latter locality gave by analysis 16*7 per cent. A1*0", 4*2 Fe-0*, 2*9 FoO, 2*3 MgO, 
39*3 SO», and 33*3 H'^O ( = 98*7) (A. Ililger, Jahrb. f. Min. 1877, 420). 

XSROSXR*. See Petuoleijm. 

XSRRXTB. A mineral accompanying corundum in the Culsagee Mine, North 
Carolina. See Corundum (p. 570). 

RERSASTTITB and RERSARTOR. These names are applied to cert;iin 
dioritic rocks occurring in granite and in the oldest sedimentary formations, in the 
Vosges and in the roadstead of Brest. 1. Kersantite from Visembach in the Vosges, 
where it forms an irregular vein in a gneiss-granite, consists for the most part of 70 
per cent, oligoclase and 30 per cent, mica, sometimes together with hornblende, and 
is almost wholly crystalline. It lost by ignition 1*93 per cent., consisting essentially 
of water, carbon dioxide, and organic matter. 2. Kersantite from Sainte-Marie aux 
Mines, forming a vein in a syenite-granite, 'differs from the preceding by its less 
decided crystalline structure. Loss by ignition 1*70 per cent. 3. Kersantite (also 
called Kmantori) from Brest, is very much like the two preceding. It often has a 
granitic structure, and contains triclinic felspar exhibiting the usual twin-striation ; 
mica of a pinchbeck-brown, brown-black or black colour, and ^ magnesium-iron 
mica ; dark-green iron-spar, somewhat resembling hornblende ; white or red calcite, 
filling up the interstices between the felspar, and occurring also in veins. Kersanton 
includes in its mass iron ]pyritos and a largo quantity of magnetic pyrites, microscopic 
grains of magnetic iron oxide, very rarely quartz, sometimes epidote in thin irregular 
veins. A green hydrated silicate of iron and magnesium {Chlorite ferrngineux) is 
likewise found, especially in the cavities. The loss by ignition (chiefly CO*) was 
found in three specimens to be 4*49, 6*75, and 7*41 per cent. The analysis of a 
Kersanton from Daoulas, commonly used for building in Brest, and effervescing 
strongly with acids, gave : 

SIO* A1»0*, FeO, MgO, K*0, Na*0 Cr*0» * CaO CO’,H“0 

V / 

52*80 36*05 traces 5*4« 675 = 100 

(Delesse. Bull. Geol. [2], vii. 704; Jahresh. f. CJiem. 1850, 802). 

4. Kersantite from Langonschwalbach, Nassau, has been analysed by E. Zickon- 
drath {Jahrb.f. Min. 1875, 763). Like the rocks above described, it is a mixture of 
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oligoclase and mica in varying proportions. Where the mica predominates, the rock 
appears compact, with the dark brownish-black colour of triclinic felspar ; the mass is 
coarse-grained and lighter in colour. The oligoclase has a reddish-white to pure 
white colour, and with a lens the twin-striation is perfectly distinct. The mica 
crystallises in the rhombic system, and has a brownish-black colour, which, however, 
appears brownish-hollow in thin laminse. Augite occurs nearly always in this rock, 
but generally partially decomposed, with the original form still recognisable. Mujj^ 
netite occurs in grains, apatite in colourless needles. Iron-pyrites is distributed in 
small crystals throughout the W’hole mass, which is also strongly impregnated with 
carbonates. Quartz is also observed, but is difficult to recoguise. Oligoclase, quartz, 
iron-pyrites, and carbonates occur, sometimes in isolated crystals; also a green 
mineral resembling melanolite. 

Analyses. — 1. Compact from Adolfseck, specific gravity = 2‘75. 2. Coarse- 
grained from Hoimbach, specific gravity =2*86. 3. Oligoclase from the Ifeimbach 

rock, specific gravity = 2*66. 4. Mica from the Adolfseck rock, specific gravity - 2*92. 



SiO» APO' Fe“0» FcO MnO 

MgO 

CaO 

K“0 

Na“0 

H*0 F 

CO“ 

1. 

64*94 7-69 9*68 4*37 1*53 

3*03 

6*11 

4*03 

2*47 

1*49 0*22 

4*32 0*91-99*79 

2. 

63*16 7*96 9*24 4*77 1*23 

3*05 

6*64 

3*06 

2*97 

1*77 0*04 

4*08 1*20 = 99*17 

3. 

63*40 20*87 trace — — 

trace 

2*87 

3*48 

7*55 0*85 — 

— — =99*02 

4. 

40*80 11*89 18*97 — — 

11*94 

3-68 

10*63 

— 

0*55 1*05 

— — =99*51 


From these data Zickendrath • 

calculates the mineral 

constitution of the rock as 

follows : 













Adolfseck 

Heimbarh. 


Oligoclase 





. 3217 

• 37*61 


Mica .... 





. 27*10 

15*88 


Iron -pyrites . 





. 0*167 

0-32 


Augitic pseudoniorplis . 





. 10*09 

14*19 


Apatite .... 





. 1*98 

2*62 


Magnetite 





. 2*74 

4*5 


Carbonates . ' . 




, 

. 9*82 

9*62 


Quiirtz .... 




• 

. 18*74 

14*67 







102*807 

99*31 


KSTOiriSSi 1. F ATTT Ketones. Bye-prodmts formed in the Preparation . — 
In the preparation of ketones by the action of acid chlorides on organo-zinc com- 
pounds according to the general equation, 2(R.CO.Cl) + ZnK*=sZuCP + 2(R.CO.Il), 
condensation-products are also formed by the further action of the organo-zinc com- 
pounds on the ketones. Thus, for instance, mesityl oxide, C®H'®0 = 2C*H*0 — H*0, is 
formed by the action of zinc-methyl on acetone ; 

2C®n«0 + Zn(CH»)* = C»U*®0 + 2CH* + ZnO. 

In like manner propionyl chloride and zinc-methyl yield, besides methyl-ethyl ketone, 
CWO, a body having the composition = 2C WO — IPO. This compound is a 

colourless liquid, insoluble in water, having a density of 0’877 at 0°, 0*862 at 18°, and 
boiling at 167°-168°. Similarly the compound,^C'®H*®0~2C*II'®0 — iTO, is formed 
by the action of zinc-methyl on isobutyryl chloride. It is a colourless liquid of 
peculiar odour, insoluble in water, boiling at 189°-1 91°. Sp. gr. 0*87 at 0°; 0*866 
at 20°. It combines with hydrogep chloride to form a yellowish rnly body (C*®H'®C10) 
having the odour of turpentine ; and with hydrogen iodide to form a dark coloured 
crystalline body. Tiustiy, a bye-product having the formula jg fomicd in the 

preparation of dimethyl-isobutyl carbinol b^ the action of zinc methyl on valeryl 
chloride. It is a colourless liquid, insoluble in water, boiling at 217°-219°. Sp.gr. 
0*864 at 0° ; 0*849 at 20°. Like the two preceding bodies, it combines with hydro- 
gen chloride and iodide. 

All these compounds combine with bromine, and may, therefore, be regarded as 
non-saturated ketones. Their chemical structure has not yet boon made out (Paw- 
loff, Liebifa AmoXen^ clxxxvii. 104). 

Oxidation . — ^An investigation by M. Herez {lAehifs Annalen^ clxxxvi. 257) of the 
action of various oxidising agon tfk (potassium dichromato and sulphuric acid, chromic 
acid, potassium permanganate in neutral, acid, and alkaline solution, silver oxide and 
bromine, lead dioxide and «ni trie acid), on oi;rbiin ketones of the fatty group (dimethyl- 
ketone, mothyl-propyl-kotoue, butyrone, caprone, and palmitonc) has led to the 
following conclusions : 

(1). Popoff’s law (vi. 765; vii. 711), according to which the lower of the two 
alcohol-radicles in the ketone remains uuitcil with the carbonyl, and by taking up 
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an OH-gPonp, is converted into a fatty acid, while the higher radicle is oxidised 
and forms a second fcvtty acid, — holds good for the ketones of normal fatty acids. 
(2). Whatever may be the oxidising agent used, and in whatever proportion to the 
ketone, a farther oxidation of the primary proilucts invariably takes place, resulting 
in the formation of less highly carbonised fatty acids, and ultimately of carbonic 
acid. (3). The oxidation is more difficult and loss complete in proportion as the 
k^ne is more highly carbonised. Palmitoiie, for example, is very difficult to oxidise, 
and yields but a small amount of normal products. 

Bimeihyl Ketone, Acetone, CO(CH*)-. Action of Potash (Hointz, Liebig's 
Annalen^ clxix. 114). — When pure acetone is treated with potash-loy of sp. gr. 
1'25'~1*30, and tlien freed from the adhering alkaline liquid by a few drops of sulphuric 
acid, it is found to bo altered in such a manner that it no longer distils completely 
at the heat of the water-bath, hut leaves a considerable residue, which partly passes 
over at about 130'’, as a very mobile liquid insoluble in water, partly at a tempera- 
ture above 200°. The latter and thicker portion is probably phorono ; tho former, 
which after repeated fractionation boils between 130° and 132’’, is probably a mixture 
of mesityl oxide with a more highly oxygeiiiscd body of similar boiling point. An 
impure commercial acetoiio, after treatment with potiish as above, yielded, at about 
170°, a distillate which after purification boiled at 166'’-! 68°, and had the percentage 
composition of ae^etoue. Tliis substance, which may bo called Polyacetonc^ is probably 
analogous in constitution to the ‘ duplosulpliacotone ’ described by Wislicenus 
(vii. 12). It is a colourless thin syrup, wholly soluble in water, lleintz supposes that 
it did not exist ready formed in the commercial acetone, but was formed by the action 
of the potash on some impurity contained therein. 

Bro7)iacetones. — On Monobromacetone, see p. 22 of this volume. On Penta- 
bromacetone, the so-called Bromoxaform, see p. 351. 

'Chloracetones. — According to Theegartcn {Bcrl. Bcr. vi. 897) unsymmetrical 
dichloracetone, GH'’.CO.CllCl-, prepared according to Mulder’s directions (vji. 14), 
has a density of 1*326 at 0°, and forms crystalline compounds, with acid fulphites of 
alkali-metal. • ’ 

On the Polymerides of Dichlovacetone, see p. 24. 

Chlorohromacetone, C^lPClBrO (probably CH^Cl.CO.CIPBr), is obtained by 
the action of hydrobromic acid on opiclilorhydrin, and oxidation of the resulting 
chlorobromhydrin. On cooling tho portion of the product wJiicli boils between 176° 
and 188° with ico, tlio chlorobromacetono separates in crystals which may be purified 
by recrystallisation from ether. Chlorobromacetone forms well-defined crystals 
melting at 34°-35*5°, boiling at 177°-180°, sparingly soluble in water, easily in 
alcohol and in ether. It has an extremely pungent odour. With sodium-hydrogen 
sulphite it forms a compound which resembles tho corresponding compound of 
symmetrical dichloracotono in all respects except its crystalline form (Thcegarten, 
Dent, Chem, Ges. Bcr, vi. 1276). 

Allyl-acetone or Mcthyl-crotonyl C®H*®O = CH®.0O.C*H’ (p. 14), 

treated with sodium in an ethereal solution floating on water, is converted into the 
alcohol which has a density of 1*842 at 16*2°, Kuls at 138°-139°, and yields 

with bromine an uncryst.illisable mass having the composition C“H*“Br-0. Tlie 
(wetic ether boils at 143°-149° (J. K. Crow, Chem. News, xxxvi. 264). 

Methyl-etbyl Ketone, C‘B®0"CIP.C0.C*1P, formed by tho action of zinc- 
ethyl on acetyl chloride, is converted by the action jf sodium in presence of strong 
potash-loy, into tho 8-carbon piiiacono or octyleno glycol, , 


OU» CH» 

CO + UK + CO 
C*il» C^H* 


CW>COH-nOC3<;gJ^. 


(Lawrenowitsch, Ber, vii. 767). 

MetbyUpropyl Ketone, CW®0 = CH’.CO.CH^CH^CIP (b. p. 99°-106°), is 
converted by sodium-amalgam and water into methyl-propyl-carbinol, C*H’*Oaa 
CmCHOH.CH*CH2CH», boiling at 118*o°-119*5° (corr.) (Belohoiibek, Wien, Akad. 
Per, [2 Abth,], Ixxiv. 80). 

Methyl-isopropyl Ketone, CII*.CO.CII(Cn*)^ (b. p. 93*5°), obtained by 
dry distillation of a mixture of equivalent quantities of isobutyrato and acetate of 
calcium, is a colourless liquid, of not unpleasant odour. Sp.* gr. 0*811 at 15°. It 
forms a crystalline compound with sodiiim-hydn^gon sulphite, but does not reduce an 
ammoniacal silver solution. By oxidising agGut.8 it is converted into acetic and 
carbonic acids ; by nascent hydrogen into a secondary pentyl alcohol (R. Miinch, Ber, 
vii. 1370). Frauklaud a. Duppa obtained the same ketono by the action of boiling 



Il4d KETONES'. 

potash-ley on ethylic acotodimethylacetate (Wanklyn’s isobutyrate of acetylinated 
ethyl, vi. 768). 

ChLwmethylrisopropyl Ketmie, C^IPCIO = CH®Cl.CO.CH(CH*)®, (inappropriately 
called Chlminated Methylmbutyl Ketom )^ — Tliis compound, formed by the action of 
chromyl chloride, CrO^Cl*, on petroleum pentane and on inactive amyl chloride, is a 
colourless liquid having a pungent aromatic odour and boiling -without decomposition 
at about 120*^. It is insoluble in water and in aqueous potash; reduces ammoniatiial 
silver solution ; does not unite with bisulphites (Etard, Compt, rend. Ixxxiv. 127). 

A compound, C®H*'C10, probably homologous with the preceding, is formed in 
like manner from hexane. It easily reduces an ammoniacal silver solution, does not 
unite with NaHSO^, and is not attacked by potash. A similar body is also formed 
from heptane (Etard). 

Metbjl-butyl Xetone, = CH*.CO.(CII*)®CU*, is formed by oxidation 

of the secondary hexyl alcohol, (CH*.CHOH.C^II®), obtained from petroleum hexane 
(p. 1030). It has a specific gravity of 0*829 at 0°, boils at 127°, and is converted 
by oxidation into acetic and normal butyric acids (Schorlemmer, Liebig's AnnaleUt 
cixi. 263). 

nCeiliyl-lBobutyl Xetone, CIl*.CO.CH^CH(CIl^)^ formed by the action of 
sine-methyl on valeryl chloride, has a sp. gr. of 0*819 at 0°, boils at 114°, and is 
converted by oxidation into acetic and isobutyric acids. 

bSethyl-katabutyl Xetone or Ptnacolin, CII*.CO.C(CH3)*, is formed by the 
action of zinc-methyl on trimcthyl-acetyl chloride. As thus prepared it has the same 
peppermint odour as pinacolin prepared by dehydration of acetone (i'^ 617) and agrees 
very closely with the latter in boiling point and density, as shown by the following 
numbers. 

Synthetical Pinacolin Pinacolin from Acetone 


Boiling point 106*6-10G i)° 106° 

Spe gr. at 0° 0*830 0*823 

„ 60° .r . . . . 0*79’ 0*787 

Expansion for 1'’ between 0° and 60° 0*00122 0*00117 


Both unite with sodium-hydrogen sulphite, and are converted by oxidation into 
trimethylacetic acid (Butlerow, Liebig's Annakn^ clxxiv. 125), 

Homologues of Pinacolin. — Three of these bodies have been prepared syn- 
thetically by Wischnegradsky (JjMg's Annalen, clxxviii. 103) by processes similar 
to that just mentioned for the preparation of pinacolin itself, viz. by the action of 
trimethyl-acetyl chloride on zinc-ethyl, and of ethyl-dimethyl- acetyl chloride, 
C(CH*)'\C'‘*H*).CO.Cl, on zinc-methyl and zinc-ethyl respectively. The composition 
and principal properties of the three products are given in the following table : 

Ethyl-butyl Pinacolin Methyl-amyl Pinacolin Etliyl-amyl Pinacolin 
(CH>)»C.CO.C‘‘H* (CH*y^(C-lP)C.CO.CH» (CJP)"(G^IP)0.CO.C2H^ 

Boiling point . . 1 25*6° to 126° 131*6° to 132*6° 150*6° to 161*6 

Sp. gr. at 0° . . 0*831 0*842 0*816 

„ „ 21° . . 0*810 0*825 0*829 

Expansion coefficient 

from 0° to 21° . 0*00109 0*00102 0*00098 

Product of Oxidation Trimethyl- ' — • y * 

acetic acid. Ethyl-dimethyl-oc.'ctic acid. 

Hence it appears that in the oxidation of these bodies the carbonyl remains attached 
to the tertiary radicle, which therefore behaves in tlicso reactions like a radicle of the 
aromatic group. 

Dlpropyl Xetone or Bntyrone, C'H‘^0 = C^Il\CO.C’H^, is almost the sole 
product of the dry distillation of normal calcium butyrate. It Imils at 143°-145°, 
yields with phosphorus pentachloride the bodies (b. p. 181°) and C’H'®C1 

(b. p. 141°), and is converted by phosphoric anhydride into a liquid of variable boiling 
point The portion which distils between 200° and 260° has the composition C’H**, 
and probably consists of polymerides (Tawildarow, Dent, Chem, Ges. Ber. ix. 1442). 

Bl-laopropyl Xetone, CH(CH*)*.CO.CH(CH*)*', prepared by dpr distillation 
of calcium isobutyrate, ^nd purified by repeated fractional distillation, is a colourless 
mobile liquid, having a strong ethereal camphorous odour, nearly insoluble in water, 
but dissolving in all proportions in alcohol and ether. Sp. gr. *0 8254 at 17° 
Boiling point 124°-126°. It does not unite with acid sulphites of alkali-metal, but 
reduces an ammoniacal silver solution. By oxidation it yields isobutyric, acetic and 
carbonic acids, and by reduction (with sodium in a beuzoue solution of the ketone 
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floatiDg on water), a secondary heptyl alcohol, together with oily products of high 
boiling point (Popoff, DeuL Chem. Ges, Tier, vi. 1256 ; E. Miinch, ihid, vii. 1370). 

Palmltone or Dtpentadecyl Xetone* This 

ketone, subjected in the fused state to the action of bromine, is converted into a 
yellowish oil, which after purification solidifies in a freezing mixture and molts at 
^6®. Its analysis gave results which might be represented either by the formula 
(tribromopalmitone hydrobromide), or by C*'lI®‘Br®0 (dibromopalmitone 
hydrobromide). The latter is perhaps the more probable, as, under similar conditions, 
a b<jdy was once obtained which crystallised from ether in white laminae containing 
an amount of bromine which agreed with the formula of dibromopalmitone (Herez, 
Liebigs Annalen, clxxxvi. 257). 

On the Oxidation of Vahnitone, see p. 1147. 

Saberone, The constitution of this body, hitherto somewhat doubtful 

(t. 450), has been determined by Schorlemmer and R. S. Dale {Chem. 8oo, J, xxvii. 
936). The crude product of the distillation of suberic acid with lime yields on 
fractionation, first a small quantity of hexane, and then a distillate from which pure 
suborone is easily separated by fractional distillation, a tarry mass iiemaining behind. 

Suberone is a colourless liquid having a pungent odour, like that of peppermint, 
and boiling at 170®-! 81° (mercury-column wholly in the vapour). By strong nitric 
acid it is oxidised to a-pimolic acid(g'. v.) Regarding suberic acid as a normal 
compound, i.€. as having all its carbon-atoms in a sjpgle chain, the formation and con- 
stitution of suberone and a-pimolic acid may bo represented by the following equations : 

cip.cmcmcooH cmcjRcn\ 

I = CO* + H*0 + I >CO 

Cn*.CH2.CIP.COOH CH*.CH*.CH‘‘^ 

Suberic acid. Suberone. 

CIP.CIP.CIPv CH*.CrT2.CO.OH 

I >CO + 0* I 

CIP.CmCH*^ CH*.CH*Cn*.OOOH • 

Suberone. * a-Fimelic acid. 

II. Aromatic Ketones. Formation. — 1. By heating aromatic hydrocarbons 
with mixtures of benzoic acid and its homologues, or the corresponding anhydrides, 
and phosphoric anhydride, e.g, 

(C®H».C0)*0 + 2C®H*H = H*0 + 2(C«H»)*CO 

Seuzoio Benzene. Diphenyl 

anhydride. ketone. 

(KoUarits a. Merz, Deut. Chem. Ges. Her. vi. 446, 636). 

2. By heating aromatic hydrocarbons with acid chlorides, in presence of finely 
divided zinc (Grucarovic a. Merz, ibid. 60, 966, 1238), e.g. 

C«H».C0.C1 + CnP.H -i- Zn' = C'H*.CO.C«IP -I- Zn'Cl + H 

Benzoyl Toluene. Tolyl-phcnyl 

chloride. ketone. 

3. By the action of aluminium chloride on a mixture of an acid chloride and a 
hydrocarbon (Friedol, Crafts a. Ador, C<mpt. rend. Ixxxv. 672), e.g. 

C«H»C0.C1 + C'-IPH = HCl + C»H*.CO.O«H»; 

also by the action of carbonyl chloride on a hydrocarbon in presence of aluminium 
chloride, an acid chloride being first fomiod (e.^. C®I[® + COCP = HCl + C®H*.CO.Cl), 
wliich then reacts with the hydrocarbon and tho aluminium chloride as above. 

Phenyl-metbyl Ketone or ikeetopbenone, C®H®0 = C®H®.CO.CH®. This 
compound, treated with sodium-amalgam^ y\Q\d.B\ (1). The pinacone of acetophenone^ 
C®H».C(OH).CH» 

or phenyl-methyl glvcol^ I , which separates from dilute ethyl alcohol 

C®H»C(OH).CH» 

in spicular crystals, and from tho secondary alcohol formed at the same time, in 
crystals belonging to the quadratic system. (2). Vhenyl-methyl CarHnd^ Secondary 
Fthyl-henzene Alcoholy oi Secondary Ajcetophenonic Mcoholy C®H*.CHOH.CH*, con- 
tained in the portion of the crude product which passes over between 190° and 210°. 
This last compound is a colourless, strongly refracting, fetid liquid, haying a density 
of 1*013, and boiling at 202°-203° (Emmerling and Engler, Ber. vi. 1005). See 
Phenyl Alcohols. * • 

On the action of dry ammonia and phosphoric anhydride on acetophenone, 
whereby triphenyl-henzeney C®H®(C®H*)®, and tho so-called acetophenoniney 
0*®H**N or C*®H®®N*, are produced, see vii. 940. 

When acetophenone (20 grams) is heated to 130°-150° with hydriodie acid 
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(10-15 grams) and phosphorus ( 1 8 grams), for eight to ten hours, part of the phosphorus 
remains unattackod, and the chief product of the reaction is an oxygenisod body, 
which may be obtained pure by recrystallising the portion of the product 
which distils over at 300°-340°, after freeing it from iodine and phosphorus. This 
compound crystallises in white laminae or transparent colourless plates, molts at 70®, 
and boils at 340°7345° (meivury column wholly in the vapour) ; it is insoluble in 
water, but dissolves very easily in ether, carbon sulphide, benzene, and hot alcohol, 
less easily in cold alcohol. Its formation is represented by the equation : 

2(C*mCO.CIP) + 2HI = + H^O + I". 

It is related to acetophenone in the same manner as pinacolin to acetone, but its con- 
stitution is probably not analogous to that of pinacolin, but rather that wliich is 

n6fi5 

represented by the formula C®H*.CO.CII-.Cir<;^^jj 3 , according to which it may bo 
supposed to be produced by hydrogenation of a previously formed condensation pro- 
duct, C*II*.CO.CHt=:C^Q^ . By further hydrogenation it is converted into 

diphenyl-dimethylethane, I , which is also produced directly by 

C“H^CH.CIP 

heating acetophenone with hyflriodic acid and phosphorus; and by the action of 
sodium on plionylmethyl-carbinyl bromide, or the corresponding 

chloride (Uraebe, Deut Chem. Ges. Her. vii. 1623). 


Suhstitution-dsnvatives of Acetophenone. 

Acetophenone can yield tw'o series of substitution-derivatives, according as the 
substituted radicle enters into the phenyl or the methyl group. There is great 
confusion in the nomenclature of these derivatives, but they are best designated by 
names which indicate directly the positions of the substituted radicles, 

C«H*Cl.CO.CH» C«H^CO.CH'-CL 

Chloroplienyl-incthyl Ketone Plicnyl-chloromethyl Ketone 

or Acetochlorophenone. or Cbloracetophcnone. 

Brominated Acetophenones (Emmerling a. Engler, Ber. iv. 148; Hun- 
nius, ibid. x. 2006). — According to Emmerling a. Englor, two modifications of this 
compound are formed simulUneously by the action of 2 atoms of bromine on 1 mol. 
acetophenone at ordinary temperatures ; and, on treating the product with dilute 
alcohol, acetobromophonone, C®H^Br.CO.CII*, is dissolved, while bromaceto- 
phen one, C®lI*.CO.CH-Br, remains in the form of a syrupy mass, which solidifies 
only after a considerable time. Acetobromophenone separates from solution in dilute 
alcohol by slow evaporation in colourless laminar crystals melting at 50®. It has a 
pungent odour, and exerts a violent irritating action on the eyes. It dissolves 
easily in alcohol and ether, but is insoluble in water, which moreover docs not attack 
it sensibly even at the boiling boat. By oxidation with chromic acid mixture it is 
converted into bromobenzoic acid, whereas broinacotoplienono, C^HMJO.CJl-'Br, yields, 
by oxidation with the same reagent, bromine and benzoic acid. 

Hunnius, on the other hand, by dropping 1 mol. bromine into a solution of 1 mol. 
acetophenone in carbon sulphide, obtained nothing but bromacetophonone (which 
he designates as acetophenone hromide)^ exhibiting the crystalline fonn, melting point, 
and solubility ascribed by Emmerling and Engler to acetobromophenone, but con- 
verted by oxidation with permanganate into benzoic acid. 

Bromacetonitrophmone or NitrophenyUhromoviethyl Ketone, C®H*NO''*.CO.CH2Br, is 
obtained by slowly adding bromacetophonone to fuming nitric acid in a cooled vessel ; 
when separated by water, washed with sodium carljonato, and crystallised from dilute 
alcohol, it forms small needles molting at 96®, soluble in alcohol, chloroform, and 
carbon sulphide, very slightly sdluble in ether, insoluble in water. By oxidation it 
yields metanitrobcnzoic acid ; by reduction with tin and hydrochloric acid it is con- 
verted into acetamidophenone or amidophenyl-methyl ketone, the hydro- 
chloride of which, C^H‘*NH*.CO.CH®,IICl, forms easily soluble colourless needles, 
turning brown on exposure to air and light. 

Bromacetophenone treated with pi>t{isshim acebito and ethyl alcohol, or with 
silver benzoate and toluene, yields the compounds C®H®.CO.CH*(OC*H*0) and 
C*H*'*.CO.CH*(OC'H®0), which are respectively the acetic and benzoic ethers of ben- 
zoyl carbinol, or primary acetopheuonic alcohol, C®H*.CO.CH*OH (Hunnius). See 
Phenyl Alcohols. 
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J)ihromacetop1ienmie or Phenyl-dibromomeihyl Ketone ^ C*II*.CO.OHBr*, obtained 
similarly to the monobrominated compound, with 2 mols. bromine to 1 mol. aceto- 
phenone, melts at 36°, is insoluble in water, but dissolves in almost all other solvents, 
and crystallises with great facility. By potassium permanganate it is converted into 
benzoic acid ; by solution of sodium carbonate, apparently into benzoyl-formic acid, 
C“H®.CO.COOH. With alcohol and potassium acetate it yields an /)il which solidifies 

a vacuum, and probably consists of the other, C*‘II''*.CO.ClJtC‘^ll®0)*. 

Phenyl-chlor acetyl Ketone^ Ghloracetophenone, or ChloracetyU 
hemenCy C®H*.CO.CH*Cl. — To prepare this compound, chlorine is passed into 
the vapour of boiling acetophenone in quantity equal to that which can be evolved by 
the use of a quantity of maiiganoso dioxide equal in weight to the acetophenone ; the 
product is then distilled, and the liquid which passes over below 200° is again sub- 
jected to the same treatment. The crude product is best purified by crystallising it 
in a freezing mixture and drawing away the portion which liquefies at ordinaiy tem- 
peratures. 

Pure chloracetophonono is colourless, permanent in the air, very soluhloin alcohol, 
ether, and benzene, insoluble in water. It melts at 58°-69°, and boils without de- 
composition at 244°-245° (uncorr.) It has a pleasant aromatic taste, but its vapour 
excites a flow of tears. From the fused state as well as from its alcoholic solution, it 
separates in large well-defined crystals. The crystals separated from alcoholic 
solution were found by Friedlander to belong to the orthorhombic system. Axes 
a\h\ c««0'9967 \ 1 \ 0*2136. Observed forms cxifao, ooP, Poo, 2poo. Tabular 
development parallel to Anglo ooP : ooP = 89°46'; Poo : Poo =24° 12'. Plane 
of optic axes the brachypinacoid oofoo. Axis a the first median lino. Anglo of 
optic axes in oil about 74° (Staedol). 

Action of Amnyonia. — When chloracotophenone is boiled with aqueous ammonia 
for about an hour, or heated with it in a scaled tube to 140°--150°, it is converted 
into a deep-rod liquid which solidifies on cooling, while the whole of tho chlorine 
remains as sal-ammoniac in tho aqueous solution. From this red product two com- 
pounds may be isolated by means of ether, one remaining undissolvcd wh*en the crude 
product is heated with ether for a short time, tHe other separating slowly from the 
red ethereal solution. Tho former, which is produced in small quantity only, is an 
isomerideof indole, CTl’N (Staodel a. Rugheimer, Ber, ix. 663, 798, 1768). For 
the properties of this iso-indole, see p. 1089. »Staodel {ibid, x. 1830) points out 
that of the three following formulae by which it might bo represented, supposing its 
molecular weight to be tho same as that of indole, viz. 

< CH .CH* 

I , C«H».CC I 

Nil \n 

the last seems to be the most probable, on account of the stability of iso-indole 
towards acetic acid at 160°, acetic anhydride at 130°-140°, acetyl chloride at 120°, 
and ethyl iodide at 100°, also (which affords an argument against the double carbon- 
linking) towards fuming hydrobromie acid at 130°-140°, fused potash, and faintly- 
glowing quicklime. 

The second product of tho action of ammonia on chloracotyl-benzeno is formed 
most abundantly when alcoholic ammonia is used. It is free from nitrogen ; crystal- 
lises in long prisms or needles; isjnsoluble in water, alcohol, ether, benzene, carbon 
sulphide and acetone ; and melts at 89°. It dissolves in strong hydrochloric acid, 
and is reprecipitated l)y water. 

When dry ammonia gas is passed at intervals of ten to twelvg hours through a 
cooled ethereal solution of chloracetophenone till the liquid is saturated, crystals of 
sal-ammoniac separate abundantly after five or six days, and the product contains, 
besides these and a trace of red resinous substance, tw'o isomeric Ixxlies having the 
formula C'®II‘®0'“C1. One of those bodies is moderately soluble in alcohol and ether, 
and crystallises therefrom in stellate or moss-like groups of needles ; it melts at 117®, 
pblimcs undecomposed and is easily oxidised to benzoic acid. The other isomerido 
is less soluble in alcohol and ether, crystallises in isolated prisms, melts at 165°, 
sublimes undecomposed, and is loss easily oxidised than tho preceding. The forma- 
tion of tho two bodies is represented by equation : 

2(C«H».C0.CH2C1) = HCl -i-.C‘®H>®0’'Cl 
(Staedel a. Bughoimer). 

Fbenethenyl-metbyl Ketone or Acetoolnnamonep = 

C®H».CHr-CH.CO.CH» (Engler a. Leist, Berl, Bar, yi. 254). This ketono 
is prepared by tho dry distillation of a mixture of the calcium cinnamato and acetate. 
On fractionating the first portions of the oily distillate (36 per cent, of the calcium 
cinnamate) the acetocinnamone passes over between 220° and 270°. It is a fragrant 
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liquid having a density of 1*008 and boiling at 240^-241° ; unites with bisulphites, 
fonning crystalline compounds, from which it is separated in the pure state by 
sulphuric acid ; gives by nitration and subsequent oxidation, para- and meta-nitro- 
benzoic acids, and is converted by nascent hydrogen into phenothyl-methyl carbinol, 
C*®H“0 = C®H*.CH*.CH®.CH(0H).C11® (also called 'pmidohutyl-hmzene (dcohol)^ which 
melts at 68®, and js metameric with thymgl, cymophonol and cymyl alcohol. 

The portions of the distillate obtained by heating the mixture of calcium acetate 
and cinnamate, which boil below 220°, contain benzene, toluene, a hydrocarbon 
having the composition C*H® or and cinnamene ; the portions collected between 

290° and 330° contain a hydrocarbon C“H“ melting at 117° (probably a polycinna- 
mene) which gradually separates from the distillate in plates. The portion which 
goes over above 330° contains a body, C“II*®0 (perhaps the acetocinnamic analogue 
of mesityl oxide). The true ketone of cinnamic acid was not found in either of these 
distillates ; neither was it obtained by distilling calcium cinnamate alone- - a process, 
which yields a large quantity of a compound apparently consisting of a polycinnamene. 

The following methods of preparing acetoeinnamono wore also tested by Englor a. 
Leist {Deut, Chem. Ges. Ber, vi. 267). The sodium-derivative of cinnamic aldehyde 
was heated with methyl iodide to 120°-130° for twenty-four hours and then dis- 
tilled. The portion Avhich passed over between 240° and 246° contained acetocinna- 
mone, but only to the amount of 6 per cent, of the cinnamic aldehyde. Cinnamic 
aldehyde and methyl alcohol in equal numbers of molecules, boiled for a day with 
excess of zinc chloride, yielded a product containing acetocinnamone, but again only 
in very small quantity. The use of phosphoric anhydride also did not yield a favour- 
able result. 

Phenyl-etliyl Ketone or Proptopbenone, C®H^®0 - C®H®.CO.C^H® (Th. D. 
Barry, Ber, vi. 1006; Inaugural Dissertation ^ Halle, 1874). This compound, 
prepared by distilling a mixture of calcium benzoate and propionate, boils at 210° 
and has a density of 1*01 at 22*5°. It does not unite with sodium bisulphite. 
Sodium-amalgam converts it into phenyl-ethyl carbinol, C®H®.CHOH.C‘‘*H*, boil- 
ing at 210°~211° ; the^inacone of propiophenone is probably formed at the same time, 

Nitropropiophenonet C®H\NO^).CO.CHI®, is formed in two modifications, crystalline 
and syrupy, according to the mann'-r in which the nitration is effected. The crystal- 
lised modification is but slightly soluble in ether, alcohol, and benzene, nearly insoluble 
in water, melts at 100° and solidifies at 95°. By reduction it is converted into 
amidopropiophenone, which is syrupy in the free state, but yields a crystallisable 
hydrochloride, and a platino-chloride which forms granular crystals having the com- 
position [C«HXNH*).GO,C2H®.HCl]*PtCl*. 

Pbenyl-propyl Ketone or Bntyropbenone* C*®n'*0 « C®H®.CO.C*H^ 
(Fopoff, Ber, vi. 660 ; Schmidt a. Fieberg, ibid, 498). This ketone, prepared by 
distilling a mixture of calcium benzoate and butyrate, is an aromatic liquid having 
a density of 0*992 at 16°, and boiling at 218°-22l° (Fopoff) ; density 0*990 at 15° ; 
b. p. 220°-222° (S. and F.) It does not unite with sodium bisulphite ; yields by 
oxidation benzoic and propionic acids (Fopoff; S. and F.) When subjected to the 
regulated action of nitric acid, it yields nitro-derivatives ; when the action is more 
violent, the product consists almost wholly of benzoic and nitrobcnzoic acids. The 
ketone treated in alcoholic solution with sodjum-amalgam is converted into the 
pinacone, (C®H*.CH.C*JF)*0® — which is a solid body melting at 64° — and a liquid 
probably containing phenyl- pseudobutyl carbinol. .With bromine a liquid bromo- 
compound is obtained which distila with vapour of water (Schmidt a. Fieberg). 

Phenyl-isopropjl Ketone^ C*H*.CO.CH(CH®)*, obtained in like manner with calcium 
isobutyrate and benzoate, boils at 209°-217°, and yields by oxidation, benzoic, acetic, 
and carbonic acids (Fopoff, ibid, 1256). 

Oipbenyl Ketone or Senzopbenone, G*®H^®0 = C®H®.OO.C®H\ is produced 
in abundance by heating a mixture of benzoic anhydride and benzene with phosphoric 
anhydride to 200° : 

(0®H».CO)®O + 2C®H®H = H*0 + 2CO(C®H®)» 

Fyrophosphoric acid may also be used as the dehydrating agent, but not boric 
anhydride, or dry hydrogen chloride (Kollarits a. Merz, Ber, vi. 446), The quantity 
obtained by heating benzene with benzoyl chloride in contact with zinc is but small 
(Grucarevic a. Merz, iUd, 60). 

Diphenyl ketone heated with hydriodie'ucid and amorphous phosphorus is converted 
into diphenyl-methane, 0H^(G®II®)^ and with zinc-dust into diphenyl-methane, 
tetraphenyl-ethane and tetraphenyl-ethylene (pp. 682, 683). By fusion with potassium 
hydroxide it is almost wholly converted into benzoic acid (Stadel, Ber, vi. 178) ; by 
heating with alcoholic potash into diphenyl carbinol (Zagumeny, p. 682). Heated 
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with fwmng mlphmo acid^ it yields benzophenone-sulphonic acid, CO(0®H^SO’H)-, 
and a body having the composition C*»l{“SO* (p. 682). 

Chlordiphenyl Ketone or Chlorobe7iso'phenone, C®H^Cl.CO.C®H*, is ob- 
tained, by heating chlorobenzene with benzoic anhydride and phosphoric anhydride, 
as an oily liquid which boils above 300°, solidifies quickly on coojing, and when re- 
c^Btallised forms broad shining needles, which melt at 75 6 to 76°, dissolve with 
nroderate facility in cold alcohol, sparingly in cold ligroi’n, easily in hot alcohol and 
ether (Grucarevic a. Merz). 

Bromodiphenyl Ketone^ C®II*Br.CO.C“H*, obtained in like manner from 
bromobonzeno, is crystalline, molts at 81*5° and distils without decomposition 
(Grucarevic a. Merz). 

Attempts to prepare cyanodipJicnyl IcHone by similar means led only to the pro- 
duction of a polymeric cyanobenzone, agreeing in its properties with the so-called 
cyaphenine (iii. 419), which may also be obtained, without the aid of benzoic acid, by 
heating cyanobenzeno to 200° with phosphoric anhydride. 

Dinitrohensophenone^ G*®G“(N0‘'*)“0. — Bonzophonono is not attacked by nitric 
acid of sp. gr. 1*4, and only imperfectly nitrated by fuming nitric acid at ordinary 
temperatures ; but on heating it to 60° for J to 1 J hours with acid of sp. gr. 1*5 to 
1*54, it is almost wholly converted into dinitro-compounds. By precipitating the 
product with water, wasliing, and crystallising it from glacial acetic acid, needles 
wore first obtained melting at 189°-190°; aftorwamls (in larger quantity) lamina, 
which when recrystallised from benzene or toluene yielded largo plates melting 
at 148°--149°. Both those products had the composition of dinitrobenzophenono. 
The toluene motuer-liquor moreover deposited small prisms molting at 118°-120° 
TV’hich were not analysed (? Doer’s isodinitrobenzophonone, vii. 639). Both the 
abovo products (m. p. 189°- 190° and 148°- 149°) wore likewise obtainod wlion a 
substance melting at 127°-129°, which was obtainetl by nitration of benzophonono 
and crystal lisiition from alcohol, was recrystjdlisod from glacial acetic aciil ; iliey are 
also readily produced by nitration of diphenyl .carbinol or bcmzhydrol (iv.*478). The 
needles melting at 189°-190° were likewise obtained from diphenylmethano (Priltorius, 
Ber, X. 1855). 

Diamidabensophenonet C"*IP(NII*)*0, is the compound, formerly called 
Flavine, which Chancel a, Laurent obtained by reducing dinitrobenzophonone with 
ammonium sulphide (ii. 656) ; it is more readily obtained by treating the dinitro- 
compound with tin and hydrochloric acid. It crystallises from hot water in slender 
yellow needles, melting at 165°. The hydrochloride forms small tablets; the stan- 
noaocUoride, C*®IP(NH-)'''0,2IlCl,2SnCr'', crystallises in plates ; the acetyl-derivative 
C'*1I"(NH.C’*H*0)*0, in colourless needles melting at 228*5° (Staeuel, Bcr. xi. 
744). 

TetrametkyUdiamidobmsophemne, C»IT*[N(CH»)2]'-'0 or CO[C«II^N(CII»)*]^ is the 
chief product of the action of carbonyl chloride on dimethylaniline in sealed tubes at 
about 120° ; its formation is represented by the equation : 

COOP + 2C“H*N(OiP)'" = 2HCI + CO[C«IPN(CH»)'-’j-'. 

The crude product is a dark grey crystal-pulp saturated with a blue colouring matter 
which produces a dark blue stain on wool and on the skin. The excess of (liniethyl- 
anilino is removed by boiling with water, and the uudissolved residue is washed on a 
filter and then treated with hydrochloric acid, which leaves a portion still luidissolved. 
The hydrochloric acid solution gives with soda-ley a precipitate of totramethyl- 
diamidobenzophenono. This compound posse.sses basic properties, dissolves 
readily in alcohol and other, and crystallises from alcohol in yellow laniirnc molting 
at 179° (uncor.) Its solution in hydrochloric acid gives with alcoholic platinic chlo- 
ride small goUl-yellow laminae of the platinochlorido, CO[C‘*Il^N(GlP)'“J‘“,2lICl,rtCl‘‘ 
(W. Miehler. jj/r. ix. 716). 

The portion of the crude product of the above reaction which is insoluble in 
hydrochloric acid, consists of hexmethyl - diamidobonzoyl- benzene, 
G*lPN(GlP)2[CO.C®IPN(01Py'*]'‘*, which is neither Jicid nor basic, and forms lemon- 
yellow monoclinic crystals molting at 122° (p. 1032). 

The conditions under which one or the other of these bodies is more especially 
produced have been examined by Michlor a. Dupei^uis {Bcr. ix. 1879). Por the 
preparation of tetramethyldiamidobenzophenono, carbonyl chloride is passed into 
dimethylaniline at ordinary temperatures till tho increase of wTeight equals the amount 
required by calculation ; to obtain hexmethyltriamidobonzoylbenzene, on the other 
hand, the gas is passed into boiling dimethylaniline as long as it continues to bo 
absorbed. When an alcoholic solution of tetramethyldiamidobenzophenone is boiled 
ior a few hours with sodium-amalgam, the liquid evaporated to dryness, and the 
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residue washed with water and crystallised from ether, small colourless crystals are 
obtained melting at 9G®, and possessing basic properties (probably the corresponding 
ben^hydrol). They dissolve readily in ether and alcohol, and in the latter, as well as 
in glacial acetic acid, with a deep blue colour, which disappears on addition of an 
alkali. 

When diniethylaniline and benzoyl chloride are heated together in a sealed tube to 
IGO^’-ISO'*, or boiled for several hours in a flask with reversed condenser, a thwk 
crystalline mass is obtained ; and on washing this mass with water, dissolving the 
oily layer in ether, drying it over calcium chloride; distilling — whereupon the 
greater portion passes over above 300° — and leaving it for a few days over sulphuric 
acid, the whole solidifies to a beautiful crystalline mass consisting of dimethyl- 
amido-dibenzoylbenzene, 0®H*N(CIP)*(C().C®IP)‘‘*. This pompound melts at 
55°, and dissolves readily in alcohol and etW (Michler a. Dupertuis). 

Tdrethyl-diamidohensophenonet CO[C*II^N(C“H*)''*]®, is obtained, together with 
hexothyl-triamidobcnzoylbenzene (p. 1031), by saturating diothylaniline with carbonyl 
chloride, then adding half the original volume of diethylaniline, and heating the 
mixture in a sealed tube to 120°. The two bodies are separated in the same manner 
as the corresponding methyl-compounds. 

Tetrothyl-diamidobenzophenone forms small laminse melting at 95°-96°. Its 
hydrochloride forms with platinic chloride a double salt, CO[C*II^N (C^II*)*]®,2HCl,PtCP, 
of a fine yellow colour (Michler <a. Gradman, Ber. ix. 1912). 

Action of Ammonia and Amines on Bemopheno7iic Chloride (Pauly, Liebigs 
Annalm, clxxxvii. 198). — Benzoprienone itself is not attacked b]^ ammonia, or by 
aniline or its methylated derivatives, but these bodies act readily on the chloride 
G“n».CCl-*.0«lP. 

1. Alcoholic ammonia does not act on benzophenone even at 180°-200°, but it 
acts energetically on the chloride (as formerly observed by Bchr, Ber. iii. 791), 
producing l^enzophonono, sal-ammoniac, and perhaps also ethylamine hydrochloride, 
but not any ammoniiv-derivative of benzophenone. « The chloride is not athickcd by 
ammonia in ethereal solution, or (ebntrary to Behr’s statement) by dry ammonia-gas. 

2. Action of Aniline. — When 1' mol. benzophononic chloride is added to 4 mols. 
aniline in a cooled vessel, the mixture solidifies tf) a crystalline mass ; and on treating 
this mass'with water and ether, aniline hydrochloride dissolves in the water, while 
the ether takes up diphenylmethylene-aniline, C**lPN = (0‘*lI*)*fciNC*H® 
(see Phenylamines). 

Bimethylaniline acts on bcnzophenonic chloride only with the aid of heat, yielding 
as final product a dark-red syrupy liquid which yields to ether a base having the 
composition Dipheny l-methyleno-toluidine, (C®IP)*C=:N.C’H’, and 

diphenyl-methylene-naphthy lamine, (C®H*)-C:zzN.C'®H’, are produced simi- 
larly to diphcnyl-mcthylene-aniline, by treating benzophononic chloride with para- 
toluidine and naphthyl amine re.«<pectively. See Phentlam/nks. 

Tolyl-pbeoyl Ketones, C®1[^(CH*).C0.C®1I*. Two of these compounds are 
known, one solid and the other liquid. The solid modification is pamtolyl-phenyl 
ketone, having the methyl of the group C®HXCH*) in the para-position with respect to 
the CO-group, inasmuch as it is resolved by hedting with soda-lime into benzene and 
para-toluic acid : 

C®H®(CH»).CO.C®II» ^ HOH = C"H* + C*H\CH>).C02H. 

The liquid ketone appears to bo a mixture of the o- and 97i- modifications (see Ben- 
zoyl-benzoic ACID, p. 309). 

Zincke, by oxidising benzyl -toluene, C*H®(CII’).CII*(C*IP), with chromic acid, 
obtained a mixture of tolyl-pheiiyl ketone and benzoyl-benzoic acid (resulting fi*om 
further oxidation) ; and on dissolving out this acid with caustic soda, and purifying 
the residue by solution in hydrochloric acid, agitation with ether, fractional distilla- 
tion, &c., tolyl-phenyl ketone was obtained in the form of an oily liquid, which became 
viscid at low temperatures, but did not solidify (vii. 177). 

Kollarits a. Merz (Ber. vi. 446), by heating benzoic acid with toluene and 
phosphoric anhydride (p. 149)^ obtained the ketone in the form of a liquid which 
solidified after standing for some months, or more quickly on the introduction of a 
crystal. According to Thomer (Liebuf s^Amialen^ clxxxix. 83) the best proportions 
for the preparation of tlfe solid ketone are 3 parts benzoic acid, 4 toluene, 4 phos- 
phorus pentoxido, and 4 sand, the mixture being heated in sealed tubes for eight or 
ten hours to 200°-220°. On subjecting the product to fractional distillation, the 
fraction 300°-305° solidified immediately in the crystalline form, and was easily 
obtained pure by reciystallisation from ether-alcohol. By this process 1000 



KETONES. 1156 

grams of benzoic acid yielded 330 of pure paratolyl-phenyl ketone and 402 of the 
liquid compound still containing some of the solid. 

Paratolyl-phenyl ketone crystallises in thick colourless prisms, melts at 
66*6®-67®, dissolves sparingly in cold ligroi’n, with moderate facility in cold alcohol, 
easily in ether and in benzene. After fusion it often remains fluid^or a long time 
a|^ easily forms supersaturated solutions (KoUarits a. Merz). 

Chlorinated Berivativcs. — Parotolyl-phenyl ketone heated with phonjihorus 

tec A/crirfe appears to be converted into the corresponding ke tonic chloride, 
C^lI'.CCr^C®lP ; but this compound decomposes on distillation and has therefore not 
been isolated. AVhon the ketone is heated in dry chlorine gaa^ the hydrogen in tlie 
methyl-group is more or less replaced by chlorine, and by regulating the temperature and 
the proportion of chiorine, the throe follt)wing chlorides may bo obtained. 

Parahensoyl-hemyl Chloride^ C“II^C().C®H1CI1‘C1, is formed at 100°-110°, and 
purified by crystallisiition from alcohol and washing with ether, which removes some 
dichloride. It forms long white prisms molting at 97°-98°. On adding a little water 
to its solution in absolute alcohol it crystallises in long, slender, silky needles. It is 
readily soluble in chloroform, carlx>n sulphide, benzene, toluene, hot alcohol, and 
glacial acetic acid, more sparingly in cold alcohol and ether. It can bo sublimed, and 
easily undt^rgoes double decomposition. 

Farahenzoylbensylene dichloride^ C*ll®.CO.C®H*.CUCl% is produced by the con- 
tinued action of chlorine at 130®-140°, and crystallises from alcohol and acetic acid 
in silky plates, melting at 94°-95°. It dissolves easily in the same solvents as tlie 
monochlorido, and also in ether. It can be sublimed, and boiling alkalis convert it 
slowly into parabenzoylbenzoic acid. When it is heated with alcohol and silver 
nitrate, or with water and silver oxide or lead oxide, the same acid is formed, and not 
the aldehyde. 

Parahenzoylhemenyl ttichlmide, C*H*.CO.C®II^.CCl*, is formed at 150°-160° ; like 
the preceding compound it is best purified by the fractional precipitation oWts boiling 
solution in glacial acetic acid with water. It crysj^allises in smitll glistening plates 
or larger thin square plates, molting at It docs not dissolve very freely 

in cold alcohol and acetic acid, but readily in the not liquids and in the solvents 
mentioned above. It can be sublimed, and on heating it with water or silver nitrate 
to 170°-180®, or boiling it with alkalis, it is converted into parabenzoylbenzoic acid. 
On heating it with phosphorus pentachloride, it is converted into C®FI*.CCP.C®H\CC1*, 
which is readily soluble in acetic acid, carbon sulphide, benzene, &c. It crystallises 
in square striated thin plates, melting at 78®-80° ; it cannot be sublimed, and is 
converted into parabenzoylbenzoic acid by concentrated nitric acid, and by boiling it 
with alkalis. 

Paratolyl-phenyl Pinacolins^ — Two of these bodies, o and jS, are 

formed by the action of zinc and hydrochloric acid on the ketone. 

The a-pinacoUn, which is the first product, is easily converted into tho 3- com- 
pound, and therefore obfcn'ned pure only by working undcrcertain conditions. A good 
yield is obtained by dissolving 10 grams of the ketone in 500 c.c. of alcohol of 7o per 
cent., and adding it to a mixture of zinc and so much hydrochloric acid that a brisk 
evolution of hydrogen goes on in tho c^dd. Tho liquid is then boiled for two or three 
hours, and the pinacolin which has separated out is purified by crystallising it from 
alcohol. It forms microscopic glistening needles, molting at 2i4°-216°, and dissolves 
freely in chloroform, carbon sulphide, toluene, and boiling acetic acid, less rea lily in 
boiling alcohol and ether, very .sparingly in cold alcohol. • 

The ^-pinacolin is ranch more easily obtained by using a stronger alcoholic solu- 
tion of the ketone, and allowing the reaction to go on for four or five days. It crys- 
tallises from hot absolute alcohol in strongly refractive, small square plates, which 
become opaque on drying, and turn yellow on exposure to light. It dissolves readily 
in the same liquids as the a-compound, also in boiling alcohol. When the o-pinacolin 
is heated with benzoyl chloride or with concentrated hydrochloric acid to 150°- 100°, 
or with glacial acetic acid to 170°-180°, it is converted into the 3-compound. The a- 
compound is scarcely acted upon by boiling with nitric acid, an aqueous solution of 
chromic acid, or potassium permanganate, but a boiling solution of chromic trioxido 
in acetic acid oxidises it again to paratolylphenyl ketone. 

The 3-pinacolin cannot be converted into the a-compoimd ; on heating it or the 
latter with concentrated hydriodic acid and a.r.Jorphou8 phosphorus to 210°-220°, the 
hydrocarbon, C*-"!!*®, is formed, which is readily soluble in chloroform, carbon sul- 
phide, and toluene, but very sparingly in ccid alcohol and ether. It separates from 
boiling alcohol or acetic acid in microscopic, probably triclinic crystals, molting at 
213°-213*6°. 

On boiling the 3-pinacolin with glacial acotic acid and chromic trioxide, n large 
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portion is completely burnt to carbon dioxide, and only a small quantity of an acid is 
obtained having the formula or more probably some benzoic acid 

being formed at the same time. This acid separates from ether as an amorphous 
transparent mass, and is precipitated from an ammoniacal solution by hydrochloric 
acid, as a bulky, amorphous white powder. It dissolves freely in ether, benzene, 
alcohol, glacial acetic acid, &c., melts at 78^-83°, and cannot be sublimed. Its 
alkaline solution is precipitated by carbon dioxide ; the salts which it forms with tho 
albili-metals are amorphous and deliquescent; the other salts are gelatinous precipitat(‘S. 

From these results it appears most probable that, by the action of nascent 
hydrogen on the ketone, first the corresponding pinacono is produced, which, 
however, at once loses the elements of w'ater and is converteil into the or-pinacolin. 
As this compound can be easily reconverted into the ketone, it nfust have a similar 
constitution, w'hile tho /S-compound, which by oxidation loses carbon and yields a 
monobasic acid, is produced by an intramolecular change, and its constitution is 
therefore probably similar to that of ordinary pinacolin from acetone, which by oxida- 
tion yields tri methyl-acetic acid. 

a-pinacolin ^•pinaoolin 

C«H* 


0<l 

\g— C*H<.CH» 


OH'.CH* 

[»— i— CO— c 



C*H‘.OH* 


C*H* 


I 

or CH»C«H‘— C— CO— O'H'.OH* 


• , . i'H* 

Cymyl-pkenyl Ketone, C“k'* CO.C*H», is formed in small quantity by heating 
a mixture of cymene and benzoic- acid, or benzoyl chloride, with phosphoric anhydride. 
It is a slightly yellow, very fragrant oil, which boils at 140®, and does not solidify in 
a freezing mixture (Kollarits a. Merz, l)eut. Chm, Ges. Ber. vi. 546 ; Grucarovic a. 
Merz, ih^, 1244). 

Blbenayl Ketone, (C”IP)CH^.CO.CH’^(C”II*). This com^und, heated to about 
180® with hydriodic acid and amorphous phosphorus, yields a viscid product, solidify- 
ing on addition of soda to a crystalline pulp, from which ether extracts di benzyl- 
methane, C“H** = CH*(CH2.C®H*)*, forming about a third of the entire product 
(p. 640). The remainder consists of a phosphorised acid, C**IF’'PO* = C“H**.PO.(OH)*, 
related to dibenzyl-methane in the same manner as phosphonylic acid, C®H*.PO.(OH)*, 
to benzene (Graebe, Ber, vii. 1623). See p. 640. 

irapbtbyl Ketones (Kollarits a. Merz, Ber, v!. 541 ; Grucarevic a. Merz, iUd, 
966, 1238). 

Naphthyl-phenyl Ketone, C‘®II^CO.C®H*. — Two isomeric forms of this 
compound, a and 0, are produced by heating & mixture of naphthalene and benzoic 
acid with phosphoric anhydride, to 200®-220° for ten or twelve hours. Tho viscid 
product is exhausted with benzene, and the solution submitted to fractional distilla- 
tion, whereupon it yields above 300®, a thick reddish-yellow oil, which when rectified 
yields a mixture of tho two naphthyl-phenyl ketones. This liquid first deposited 
slender needles, which, when purified by washing with alcohol and ciystallisation 
from ether-alcohol, molted at 82® ; afterwards mixtures from which, by solution in 
ether-alcohol, short prisms and needles were obtained, and these were further separated 
by sifting through a fine sieve which allowed only the needles to pass. The short 
prisms which melted at 75*5® were likewise obtained by heating a mixture of o- 
naphthoie acid and benzene trith phosphoric anhydride, and may, therefore, be 
designated as a-naphthyl-phenyl ketone. The needles, melting at 82®, and identical 
with those above mentioned, were obtained in like manner from jS-naphthoic acid and 
benzene, and may, therefore, be culled i3-naphthyl-phcnyl ketone : from the resulting 
oil they are most easily separated by solution in ether, addition of alcohol, and re- 
crystallisation of the powder which separates as the ether evaporates. The jS-modifi- 
cation is somewhat leSb soluble than th§ a in cold alcohol (a in 41, jS in 49 pts.) ; they 
are both more readily soluble in hot alcohol, also in ether and in benzene ; both are 
nearly inodorous, and volatilise without decomposition. 

Dinaphthy l Ketones, C'®lF.CO.C*®H^ — Two of these ketones are known, and 
may be distinguished by the letters a and h. The a-modification is obtained by 
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heating a mixture of o-naphthoic acid and naphthalene with phosphoric anhydride, 
as an oil which solidifies after a while to a vitreous mass. By dissolving this product 
in ether, adding alcohol, and recrystallising the precipitate from ether-alcohol, it is 
obtained in crystals melting at 130°. It dissolves at 14° in 77 parts of absolute 
alcohol; more easily in hot alcohol, ether, and benzene; crystallises from boiling 
alcohol in colourless pointed needles; from ether-alcohol in thick prisms and tablets 
(Kollarits a. Merz). Grucarevic a. Morz {Ber, vi. 1238) prepare the same compound 
by boiling a-naphthoyl chloride with excess of naphthalene, and introducing into the 
liquid a thin strip of zinc ; an excess of zinc must be avoided. The product yields 
by distillation a brown oil which soon solidifies ; and by dissolving the mass in warm 
chloroform and adding ether-alcohol, prisms of the fl-ketone are first obtained, melting 
afl33°; afterwards mixtures of this compound with another which crystallises in 
reddish scales. The quantity of a-naphthyl ketone obtained by this process amounts 
to between J and ^ of the naphtlioyl chloride used, and is larger than that produced 
from an equal weight of naphthoic acid. 

b-Dinaphthyl Ketone . — Kollarits a. Merz prepared this modification from j3-naph- 
thoic acid and naphthalene, and after repeated crystallisation from various solvents, 
obtained it in needles which sintered together at 123°, melted at 135°, and were 
altogether less soluble than the «-kctone. Grucarevic a.. Merz prepared it from 
naplithalcno and /3-naphthoyl chloride in quantity amounting to about jj- of the latter; 
and by repeatedly crystallising the crude product from chloroform and ether, white 
shining laminai wore obtained molting at 164*6°, toother with white needles having 
the same composition but melting at 125*6°. The former dissolved at 19° in 1256 
parts, the latter in 267 parts of alcohol. 

Naphthalene, as already explained (vi. 212), may bo represented by the following 
constitutional foi*mula : 


7C 

i 


8 1 


6 i 


“C2 


in which tho positions 1, 4, 5, 8 are similar to one another, but different from the 
positions 2, 3, 6, 7i which are. also similar among themselves. Naphthalene mono- 
derivatives (chloro-, nitro-iiaphthaleiies, &c.) in which the substituted radicle occupies 
one of tho positions 1, 4, 5, 8, are called a-derivatives ; those in which it occupies 
either of tho other four positions are called i3-dorivatives. This being understood, it 
is easy to see that dinaphthyl ketone, C*®H’.CO.C*®H’, is susceptible of three modifica- 
tions, a a, a i3, iS ^ ; thus : 


A/\'V\/\ /\/\.^^/\/\ /x/y/N/X 

W OxJ I 


X/V 



X/X/ 


A/ 


Now, according to Grucarevic a. Merz {Ber, vi. 1246), a-dinaphthyl ketone, finely 
triturated with s(^a-limo and heated for eight hours in a sealed tube to about 360°, 
is resolved into naphthalene and a mixture of a- and j3-naphthoic acids : hence it 
must be the a ^-modification. 6-dinaphthyl ketone (both modifications, m. p. 125*6° 
and 164*5°) is resolved by heating with soda-lime into naphthalene and /3-naphthoic 
acid; and since this latter can be formed only from a dinaphthyl ketone having the 
CO-group attached to one of its i8-positions, and moreover tho a jS-modification has 
been shown to be that which is designated as a-dinaphthyl ketone, it follows that 
both tho ^-modifications must have the i3/9 structure, and can therefore be only 
physical isomerides. 

In o-naphthyl-phenyl ketono, the CO-group is attached on the ono side to either 
of the a-carbon-atoms of the naphtlialene- molecule, and on^the other to either of the 
carbon-atoms of the benzene-molecule ; similarly with regard to iS-naphthyl-phenyl 
ketone. 

. UNOte, C"H'*0® (Ktti, Bcrl. Ber. xi. 1879). When Malabar Kino is boiled 
vith twice its weight of dilute hydrochloric acid (1 : 6), and the solution decanted 
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from the deposit of kino-red is shaken up with ether, a solution is obtained which, on 
evaporation, leaves kiiioin in the form of a reddish crystalline subshinee ; and by 
repeatedly crystallising* this substance from a small quantity of water, pure colourless 
crystals of kinoin are obtained, to the amount of about 16 grams from a kilogram of 
kino. 

Kinoiii is nnky'drous; it dissolves sparingly in cold water, easily in hot water 
and in alcohol. Tin* solutions may be evaporated without alteration, but decompq..e 
on exposure to the air. Kinoin heated to 120°-130° till its weight becomes constant 
yields the anhydride, C-'*ir‘*0‘‘ = 2C’*H'‘0* — H*0, which appears to bo identical with 
kino red ; and this anhydride heated to 160°-1 70^ loses another molecule of water 
and is converted into C'-“ir‘“0*“. Both these anhydrides are precipitated by gelatin ; 
kinoin itself is not. 

When kinoin is heated to 120°-130° in a scaled tube with strong hydrochloric 
acid, methyl chloiudo escapes on opening the tube, and a solution is formed containing 
pyrocatechin and gallic acid : hence it may be inferred that kinoin has the constitu- 
tion of methyl-pyrocatechyl yaUatCi C’U^(Cn*)(C®ll‘0)0*. 

Kino-red yields by dry distillation a small quantity of watery and oily distillate, 
the greater part of the substance however becoming carbonised. The oily distillate 
yields by fractional distillation pyrocatechin and phenol, mixed with small quantities 
of an ethereal compound, probably anisoi'l or guaiacol. 

KJZSRUXiFIir. A mineral from Bamle in Norway, occurring massive, with 
impe lect eb avago in two directftjns at right angles to one another. l*>acturo uneven 
and splintery. Lustre, fatty. Colour, pale red. Transluctmt in thin fragments. 
Sp.gr. =3*1;'). Hardness = 4‘6. hixhibits faint white phosphorescence when heated. 
Fusibility about 3 ; melts with some intumescence to a blistered enamel. Easily 
soluble in hot concentrated hydrochloric acid ; somewhat less easily in nitric acid. 
With sulphuric acid it evolves hydrofluoric acid, while calcium sulphate separates. 
Analysis gave : 

P»()- . ^tgO OaO Na»0 FI SiO» A1*0* 

42-22 37*00 7-56 1*56 478 I’SO 6*40 = 100-02 

with traces of potassium, iron, and sulphuric acid. 

When the non-essential const'ftucnts aro deducted, this composition corresponds 
witli the formula 2Mg’(PO ‘)2 + CaF*, a tunall portion of the calcium being rephiced 
by sodium. 

Kjerulfin differs from wagnerite, which it resembles in many respects, by contain- 
ing less fluorine and sodium, and more calcium, so that its solution in hydrochloric 
acid gives a precipitate with sulphuric acid, which is not the wise with wagnerite. 

K&XirOHUMZTE or CZiZXrORUXaZTE. Sec Humite (p. 1044). 

XLdzrZGZM'lir. A mineral from Kussia belonging to the Broebantito group 
(p. 349). 

XOPPZTE. This name is given by A. {Jahrh. /. Min. 1875, 67) to a 
variety of pyrochlorc from the limestones of the Kaiserstuhl, wliich he regards as a 
distinct mineral species, on account of the smallness of its amount of fluorine (1*28 
to 1-82 per cent.), and the absence of titanic acid and tliorina. 

PLOSZir, (Fluckiger a. Buri, A ch. Phnrm. [3], v. 193; Phann. J, 

Trans. [3], v. 662). A substance obtained from the flowers of the koso tree of 
Ahy.ssinia {lUaftria ahy^isinica- LmnarcJc), and supposed to l>o tho principle to which 
the anthelmintic properties of these flowers aro due. It has a sulphur-yellow colour; 
crystallises in rkniibic forms ; dissolves at 15° in strong sulplmric acid, and crystfil- 
lises unaltered on cooling; melts but docs not give off water at 142° ; and at higher 
temperatures emits an odour of butyric acid and yields a brown tar. It is nearly 
insoluble in water, but easily soluble in ether, benzene, carbon sulphide, chloroform, 
glacial acetic acid and alcohol; dissolves also in aqueous alkalis and alkaline car- 
bonates, and is precipitated therefrom by acids. Ferric chloride added to tho alcoholic 
solution produces, after a while, a permanent red coloration. 

Kosin dissolves in strong sulphuric acid, forming isobutyric acid and a red 
amorphous body, wiiich has the composition C»ir‘'>0»» [FC^H^O'"], or 
accordingly as it is prepared with cold or wth warm sulphuric acid. 

Kosin fused with potash produces formic, butyric and oxalic acids, together with 
a brown unctuous substance. With sodium-amalgam it yields a volatile oil , 
and an amorphous substance having ‘the colour of stannic sulphide, and the 
empirical formula C'’H*0*. Acetic anhydride^ converts kosin into acetyl-kosin, 
From these results Fluckiger a. Buri regard kosin as an ether 

of isobutyric acid. 

The substiinco called Komsin or Tceniin, which Pavesi and Bcdall obtained from 
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the flowers of Brayera anthdmntica (v. 654), is, according to Fluckiger a. Buri, a 
mixture containing variable qnau titles of pure kosin. 

XOVMZSS. Observations on the preparation of this beverage liave been pub- 
lished by J. T. George {Pkarm, *7. Trans. [3], iii. 544 ; Jahresh.f. Chem. 1873, 1080), 
and a continuation of former observations (vii. 715), by Ja^ielski {American 
Ckemistt v. 448). 

^ XRTOXOirZTB. See Cbtoconite (p. 589). 

XVXrKVR. An argillaceous sedimentsiry limestone occurring in India, and 
used for the preparation of mortar. Recently burnt kunkur-stone was found to 
contain 40*0 per cent, silicates, 8*8 calcium carbonate, and 51*2 quicklime. This 
lime possesses considerable hydraulic properties. When slaked it increases greatly in 
bulk, its density diminishing from 1 to 0*67. To form the mortar, sLiked kunkur 
lime is mixed with sand in such proportion us to form a mixture having the following 
composition reckoned on the dry mass: 

1 vol. lime, weighing 0 67 1 “I® 

2 vols. sand „ 3*00 

3-67 

This mortar therefore contains scarcely 10 pei^cent. of its dry weight of lime. 
Nevertheless it hardens under water to such a degree, that after a month it is able 
to bear a weight of 15 pounds on tho square inch (E. Nicholson, Chem. News, xxxii. 
82). 


L 


lABlUiSOlUTB. See Kki^spaii (p. 774). 

XiAC. Japanese lac is described by Wagner {Vinyl, pal. J. ccxviii. 361, 452). It 
is obtained from the juice of a species of Sumach (lihus vcrnicifcra), growing chiefly 
in the district of Yoshino, by making incisions in tho bark. The viscid juice, which, 
on exposure to tho air, quickly becomes dark-coloured and covered with a crust, is 
known by the name of Urushi. The value of tho lac varies according to tho season 
in which it is collected, tho best being obtained towards the end of August. A well- 
grown tree yields about 375 grams of juice, and then dies. The juice is filtered through 
a peculiar kind of paper made in Yoshino. It is only the red lac (coloured by cinna- 
bar) that retains its colour ; all other shades become deteriorated by the darkening of 
the lac on exposure to the air. Black lac is produced by stirring the juice for a day 
in contfict with the air, after adding to it a certain quantity of W’ater which has stood 
over iron filings. Lacs which are to be polished after hardening have only a small 
quantity of oil added to them ; others are mixed with one-fifth of an oil obtained from 
tho Ye plant {Perilla ocinmdcs). The working of “this lac is a somewhat unhealthy 
occupation, the vapours emittotl from the juice producing painful curtaneous eruptions. 

In articles to be coated with this lac, all cracks and holes must bo stopped with 
linen or cotton soaked in a quickly hardening lac (Seschime lac from tho twigs of 
Rkm vemicifera), A thin cloth or a layer of the long-fibred Yoshino paper is then 
immediately attached to tho surface with Seschime lac ; on this is laid a coating of 
the same lac mixed with powder of burnt clay ; and the articles are loft for twenty- 
four to forty-eight hours in a dark moist place for tho lac to harden. Tho hardened 
coating is next rubbed with a soft stone, after which a second layer of fine tripoli and 
lac is laid on, and this, when hardened, is rubbed with charcoal and water. Tho 
surface thus prepared is ready to receive tho true lac. At first a few layers of a 
ch^per lac are laid on and finally tho best coloured -lac, each layer, after hardening, 
being rubbed with a smooth piece of charcoal and water. Lastly, to produce the lustre, 
a very thin coating of Seschime lac is laid^on tho object bjr means of a cotton pad, 
and polished, when dry, with very fine powder of stag's horn or burnt bones, rubbed 
on with tho finger or tho palm of the hand. 

On Japanese lac, see further Robertson {Pkarm. J. Trans. [3], vi. 487). On 
Chinese lac, see American Chemist, v. 453. 
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&ACTXC ACXB, C*H*0*. The isomeric modiiications of this acid have been 
further examined by Wislicenus (Liebig s Annalen, clxvi. 3 ; clxvii. 302, 346). 

1. Bydraoryllo Add, produced by the action of silver oxide on jS-iodopropionic 

acid, CH'-'I.CH'^.COOH, is not identical with ethyleno-lactic acid, as might be supposed 
from its mode of formation, but a modiheation distinct from both ethylene-lactic and 
ethylidcne-lactic acids, and represented by the formula CH“OH.O OHOH (vjp. 
718). '-0-' 

2. Saroolaotio Addi The more recent experiments of Wislicenus confirm the 
view formerly suggested (he. cit.) that sarcolactic acid is a mixture of two distinct 
acids, the more abundant of which, called paralactic acid, turns the plane of 
polarisation to the right and forms well-crystallised salts, whereas the other, which is 
present in much smaller quantity, and is probably the true c thy f one-lactic acid, 
exhibits but very little crystallising power. 

To separate the two acids, sarcolactic acid, prepared from extract of meat, was 
saturated with zinc carbonate, and the concentrated solution was precipitated with 
four or five times its volume of alcohol of 90 per cent. The paralaetato w'as thereby 
preci pi tilted as a bulky mass of very small colourless crystals, which jifterwards 
became denser; these were washed with alcohol and pressed, then several times dis- 
solved in water and precipitated by alcohol, and finally re(!rystallised from boiling 
water. The quanlity of pure zinc salt thus obbiincd amounted on the average to 
2 per cent, of the meat-extract iJfeed. The alcoholic mother-liquors contained chiefly 
the zinc salt of the second constituent of sarcolactic acid. Of the properties formerly 
attributed to zinc paralactate (iii. 459, 460), chiefly according to tho^ experiments of 
Engolhardt {Liebig's Annalen, Ixv. 359), two only have been confirmed by Wislicenus, 
viz. the amount of crystallisation-water, which agrees with the formula C'*H‘®ZnO*.2H'‘0, 
and the tendency of the salt to form distinct crystals, whereas the fermentation lactate 
tends rather to form group.s or crusts of crystals. On the other hand, all the earlier 
determiruitions of solubility of this salt appear to have been made with supersaturated 
solutions ; a*ud Wislicenus finds that the amount of water in a solution prepared with 
the aid of heat, and left to cool in cdntact with tlio crystals which separate, decreases 
continually, and does not attain a qonstfint value till after about a month, this value 
agreeing with a solubility of 1 pt. of the crystallised salt in about 17*5 pts. water at 
14°-16° (1 pt. fermentation lactate requires for solution 58 to 63 pts. water). In 
boiling alcohol, zinc paralaetato dissolves in the proportion of about 1 : 1000, and in 
much smaller proportion in cold alcohol. Calcium paralactate has the composition 
2C«H"’Ca()».9H-0. 

The conversion of sarcolactic acid into the anhydride of fermentation lactic acid 
[dilactic acid, G<*11*®0*=»20®H*0® — IPO] was observed by Streckcr in 1858 (iii. 457). 
Wislicenus finds that when pure paralactic acid is heated for some time in a retort at 
135°, a small quantity of it distils unaltered, together with the water, and the residue 
contains dilactic acid, the quantity of which increases as the heating is continued, 
so that after a few days the residue consists almost exclusively of it. The same acid, 
heated to 150° in a current of air, was, for the most part, converted into ordinary 
la ct i d e, melting at 124*6°. Optically active lactic acid, therefore, when 

heated to 136°-150°, is gradually but completely converted into the anhydrides of 
optically inactive fermentation-lactic acid. ParAlactic acid left in a perfectly dry 
atmosphere at ordinary temperatures, is dehydrated exactly in the same manner as 
ordinary lactic acid, that is to say, it is converted first into dilactic acid and then into 
lactide (vii. 720). The mixture of the anhydrides of dextrogyrate paralactic 
acid possesses a high degree of Isevogyrate power. A preparation which had been 
kept over sulphuric acid for 21 months, and then consisted of 84*19 per cent, dilactic 
acid and 16'04 hictide, exhibited in alcoholic solution, for the line D, a specific 
rotatory power of —86*80° to —86*93°. This residue, boiled for a long time with 
ziuc carbonate, was converted into a mixture of salts, in which the paralactate greatly 
predominated. 

The optical rotatory power of paralactic acid, in a specimen which had been pre- 
pared by dehydration at ordinary temperatures, and contained 0*0738 gram of acid in 
a cubic centimeter, was found to be [a]p«i2*78. It did not, however, remain constant, 
but decreased suddenly and considerably after every further adtlition of water, and 
the more considerably in proportton as the original solution was more concentrated ; 
after some time it gradually increased again, without, however, regaining 
its original value. The lotatory power of the metallic paralactates is of opposite 
sign to that of the free acid ; that of the zinc salt being smaller in suporsatunitod 
than in normal solutions, in which latter [a]t,= — 7'6° to —7*7® for the crystallised 
salt. For the crystallised calcium salt, [a]o= —3*87®. 

Paralactic acid heated alone to 140°-150° is rosolvcd, like the fermentation acid, 
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into formic acid and acetaldehyde. By oxidation with a slight excess of potisaum 
dichromate and sulphuric acid (1 at. disposible oxygen to 1 mol. lactic acid) it yields 
acetaldehyde, together with formic, acetic, and carbonic acid, but neither malonic nor 
oxalic acids. 

The production of formic and acetic acids by the oxidation of paralactic acid is 
easily explained if the latter be represented by the formula, Oil* — G(OH) — CH(OH), 
tllus : • — 0 — I 

9^’ CH» 

♦ 0 . 

\(JH(0H) 0=011(011) Formic acid. 

On this view, paralactic acid would be related to othylidene-lactic acid in tho same 
manner as hydracrylic to ethylene* lactic acid. As, however, hydracrylic acid — the 
formula of which is better established than that of paralactic acid— does not exhibit 
circular polarisation, Wisliccnus thinks it preferable to assign to paralactic acid the 
same constitutional formula as to ethylidcno-lactic acid, regakling these two acids as 
physical isomerides (vii. 720). 

Sthylene-laotlo Aold, CH^OU.CH^OOOH. This acid, whether prepared 
from sarcolaetic acid, or synthetically by combining ethylene with carbonyl chloride, 
and decomposing the resulting chloride, CH^Cl.CIP.COCl, with an alkali, or by either 
of the other processes already given (vi. 770), S very difficult to purify, being 
mixed in tho first case with paralactic acid, and in tho case of the synthetical pre- 
paration, with cthylidene-lactic acid, formed at the same time by intramolocnlar 
transposition. It may, liowover, be obtained quite pure by digesting its zinc salt 
— previously freed as far as possible from ethylidene-lactato or paralactate respectively 
by the difference of solubility of those salts , in water (vii. 719) — with quantities 
of nearly absolute alcohol not sufficient to dissolve the w'hole of it, or by fractionally 
precipitating its alcoholic solution with ether. The zinc salt, either of tho gynrtietically 
formed acid or of that prepared from different animal fluids, h thus obtained in the 
form of a brittle transparent gum which deliquesces in contact with the air. 

Pure ethylone-lactic acid is not converted by hydriodic acid into i3-iodopropionic 
acid, and does not yield a sparingly soluble zinc-calcium salt. By oxidation with 
chromic acid, it yields largo quantities of carbon dioxide and oxalic acid, and a small 
quantity of malonic acid, but no formic acid (Wislicenus, Anmlen, z\:L\\\» 346 ; Ber, 
vi. 1395). 

Ethylidene-lactic acid is produced by prolonged boiling of isotrichloroglyceric acid 
with tin and hydrochloric acid (Schroeder, Anncden, clxxvii. 282) : 

C*H»C1*0* 4H* = 3HC1 + H*0 -t* C’E-'O*. 

lodo-lactic cucid, C*H*IO*, is prepared by heating chlorolactic acid to 60® with 
potassium iodide. It melts at 84®-85®, and forms a zinc-salt crystallising in tablets 
(Glinsky, Berl, Ber. vi. 1257). 

XiACTXC STBBRS, CBBOB- and BROMXBATSB (L. Henry, Ber. vii. 
762). Ethyl lactate unites with chloral gradually and with slight elevation of 
temperature, forming a viscid liquid which, when treated with phosphorus pentjichloride, 
yields ethylic tetrachlorethyl-lactate, GIP— OHO(CHCl.CCP)— COOCW, a 
thick, colourless, nou-distillable liquid, having a peculiar odour, sweetish taste, and 
sp. gr. =sl*42 at 11®. • 

Trichlortthylidenie Lactate, 0>H*C1*0» = CH*.0H<[^®>CH.CC1’, is 

formed by heating lactic acid with chloral in a sealed tube to 150®-1C)0®, and passes 
over on distilling the product with steam, as an oil which has a peculiar odour, is 
nearly insoluble in water, and, after drying with calcium chloride, solidifies in splendid 
crystals. It melts at 46®, boils without decomposition at 222°-224®, dissolves easily 
in alcohol, ether, and carbon sulphide (Wallach a. Heymer, Ber. ix. 545). 

Trichlorethylidenic Trichlorolactate, CCF.CH^^q^^CH.CCI®, op 

Chloralide^ is formed in like manner by heating chloral with trichlorolactic acid 
(p. 445 of this volume). 

Ohloralido crystallises in splendid monoclinic crystals, often more than an inch 
long. Axes a\h: 0=1 '2038 : 1 : 0*3620. Angle = 62'. Observed forms, 

coioo, x^oo, «P, xP2, OP, fioo. Angle «P:xP»100® 33'; SooT^oosa 
39® 40'; Sx : xpx=86® 10'. Claivngo perfect, parallel to xSx. Plane of 
optic axes perpendicular to the cliiiopinacoid. The median line situated in tho plane 
of symmetry forms with the vertical in the acute angle of the axes a and c, for Li-red 
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11® 34', for Na-yellow 11® 44'. The median line parallel to the axis h exhibits 
negative double refraction and crossed dispersion ; the axial angle in oil is for Li 
99® 27', for Na 99® 51' (Bodowig, Zeitschr.f. Krystalhgraphiet i. 694). 

Trihromethylidene Trihromolactate, or Bromalide, C*H*Br®0* = 
CBr*.CH Cn.CBr’, is obtained in like manner from tribromolactic acid and 

bromal, and by heating bromal with fuming sulphuric acid (Roincke, Berl. Ber. it. 
1216). It melts at 168® (Wallach a. Beincke, ihid. x. 2128). 

Trichlorethylidene Trihromolactatc^ 

C*H»Br»Cl>0* = CBr».CH<^°-‘^OH.CCl*, 
from tribromolactic acid and chloral, melts at 132^-136®. Trihromethylidene 
Trichlorolactatet CCl*.Cn^^Q‘^^CH.CBr*, from trichlorolactic acid and 
bromal, melts at 149®-160®. Trihromethylidene Lactate, C*H*Br*0* = 
CH».CH<;2, o^CH.CBr*, from lactic atid and bromjil, melU at 96°-07° (Wallach 

a. Eeincke). This last compound, called by Klimenko lactidc hromal, is also formed 
by dropping bromine into a solution of lactic acid in twice its volume of ether. A 
brisk action then takes place, which must be moderated by cooling ; and after 
2 mols. bromine have been added, the liquid is heated on the wuter-bath in a vessel 
with reversed condenser, till thltt which runs back exhibits a yellowish colour. A 
large quantity of hydrogen bromide is then given oif, and considerable quantities of 
ethyl bromide pass over in the subsequent distillaticm. Crystals foiyn in the residue 
on standing, and on adding water, a thick oil separates, which after a while solidifies 
to a crystalline mass. The crystals, which have a strong pungent odour, may bo 
purified by washing with water, pressing, and recrystallisation from hot alcohol. 
They have then a neutral reaction, an agreeable though pungent odour, and agree in 
composition^ with the formula of trihromethylidene lactate, C^H'Br’O*. 

The formation of tJtiis compound by the action of* bromine on lactic acid in presence 
of ether, may be represented by the IcUowing equations : 

(C?H‘)»0 + for = C*H‘Br + C»H*OH 

C’ffOH + 481^ = C‘HBr*0 + 5HBr 

C*HBr*0 + C>H«0' = C»H“Br»0' + H’O 

Bromal Lactic 

acid 

Trihromethylidene lactate is insoluble in water, very slightly soluble in cold, 
much more readily in hot alcohol, and separates therefrom on cooling in small cou> 
centrically grouped needles, melting at 96®-97°, and solidifying again at 90®. From 
ether, which dissolves it freely, it crystallises in large rhombic prisms, acuminated at 
the summits. Caustic potash slowly decomposes the crystals, even at ordinary tem- 
peratures, with formation of bromoform. Sodium abstracts all the bromine from the 
aqueous solution, part only from the ethereal solution (Klimenko, J,pr. Ghem. [2]. 
xiii. 98). 

&ACTZBfi, C®II®0^ The formation of thii» compound from piralactic acid, as 
well as from ordinary lactic acid, has been already mentioned (p. 1160). L. Henry 
{Ber.yih. 763) finds that its vapour-density is 4*81 ; consequently its molecular formula 
must be, not as hitherto sfipposcd, but C*H"0', the vapour-density calculated 

from the latter foijnula being 4*96. 

By absorption of dry ammonia, lactide is converted into 1 act a mi do, 
CH*.CH(OH).CO.NH*, identical with that (m. p. 74°) which is produced by the 
action of ammonia on ethyl lactate (iii. 463). Hence it must be regarded as an 
CH».CH.CO 

ethereal compound, 0 0 , and not as a body which would be at the same 

CO.CH.eH* 

CH».CH.CO 

time acid anhydride and alcoholic anhydride, viz. () 0 , since it would then 

.CIP.OH.CO 

CIP.CH.CO.NH* 

be converted by ammonia into a diamido, 0 , or the correspond- 

^ • GIl».CH.CO.NII* 

CIH.CH.CO.NH* 
iiig acid ammonium salt, 0 

CH^.CH.CO-.NfH.On 

Lactide melts at 121® (according to Wislicenus at 124*6®; see p. 1160), and boils 
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uuder a pressure of 757 mm. at 255® (uncorr.) It is not attacked by acotyl chloride. 
The temperature at which lactic acid, when subjected to dry distillation, passes into 
dilactic acid, is betw'een 140° and 150°, and that at which this latter com- 

pound when heated alone is converted into lactide, is between 200° and 250° (Henry). 

KiLCTlDS BROMA&i syn. with Tbibrombtuylidknic Lactate (p. 1162). 

• XiACTOOXiirCOSB. A constituent of milk-sugar, according to Fudakowski 
(see Sugars). 

XiACTOPBOSPBATSS. A pharmaceutical name for mixtures of lactic acid 
with calcium phosphate. R. Rother (Pharm, J. Tram. [3], iii. 570) found that lactic 
acid saturated with tricalcic phosphate contained 4 mots, of the former to 1 mol. of 
the latter. The solution, when boiled or left at rest for some time, deposited a pre- 
cipitate of PO^CaH : 

(PO<)2Ca« + 4C»H«0» = 2PO<CaH + (C»H'‘0*)*Ca -i- 2C»H«0». 

The formation of this precipitate may be prevented by adding a quantity of lactic 
acid equal to half that originally present. Directions for the preparation of syrups of 
calcium lactophosphato are given by Rother (foe. cit.), also by Mcni^res a. Langelle 
{Pharm. J. Trans, [3], iv. 142), and for the preparation of cod-liver oil containing 
calcium lactophosphato by E. Chiles (ibid. iii. 785). 

XiACTirCA. The leaves of the common lettnceJlLactnca sativa) fresh and well- 
developed were found by Church (Jour^ial of Botany ^ March 1876) to contain waier, 
9508 per cent.; albuminous matter, 0‘71 ; starch, sugar, gum, 168; cellulose and 
lignoso, 0‘52; chlorophyll and fat, 0 22; ash, 0*89. This ash was very rich in 
nitrates. 

BACTUBAMZC ACID, CHI«NW = Cn».CH(NH.CONII2).COOH (see vol. vii. 
p. 723). 

CH>.CHHH.CO 

ZiAOTYZi-CAllBAMZBE or ZJLCTTli-VBBA, H 

{ibid.) . CO NH 

XiANTBABUM. Atomic weighty La'" »1 30 75 (Marignac); 139* 15 (Clove); 
139*2 (Frerichs a. Smith); 139 (Hillebrand). 

On the preparation of Lanthanum and its separation from Cerium and Didymium, 
see Ckrith Metals (pp. 421, 422) ; also Didtmium (p. 642). 

A large number of lanthanum salts prepared and examined by Cleve are described 
under Cekite Metals (pp. 422, 423). The following have been examined by Frerichs 
a. Smith {Liebig's Annalm^ cxci. 355-366) ; they w’ere prepared in the same manner as 
the corresponding didymium compounds (p. 642), which, for the most part, they 
closely resemble. 

Platinochloride, 2LaCl*.3PtClh24H'''0. — Largo orange-coloured very soluble 4-sided 
plates. 

Aurocldoride, 2LaCF.3AuCP.2lH’*0.— Shining plates, very soluble and absorbing 
moisture from the air, but not deliquescent. 

Oxychloride^ T^OCl.— White, nearly insoluble in water oven at the boiling heat. 
By boiling with an excess of didymium oxychloride suspended in water, it is gradually 
converted into the soluble chloride, the didymium oxychloride being first resolved into 
in.solublo oxide and soluble chloride, which then givts up its chlorine to the lanthanum 
and is itself converted into, didymium oxide : ^ 

SDiOCl = Di^O* + DiCl» ; and 3LaOCl + 2DiCl» « 3LiCl» + Di*0». 

Lanthanum and Zinc Bromide^ 2ljaBr®.3ZnBr*.39lPO (or perhaps 36H*0). — 
Resembles the corresponding didymium salt. 

Lanthanum and Nickel Bromide^ 2LaBr”. 3NiBrM8H®0. — Exactly resembles the 
didymium salt. 

Lanthanum and Zinc Iodide^ 2LaP.3ZnP.27H*0. — Small white very soluble needles; 
absorbs moisture from the air much more quickly than the corresponding didymium 
salt. 

Lanthanum and Hydrogen Fluoride, 2LaP.3HF.* — Thrown down by hydrofluoric 
or silicofluoric acid from a solution of lanthanum sulphate, as a bulky precipitate, 
which dries up to a thick white crust. • • 

• PrerlchR a. Smith that the precipitate obtained by Clove on adding hydrofluoric acid to 

lanthanum acetate, and regarded by liiin ua 2LaF=*.H»0 (p. 4*22), may possibly have Iwen the acid 
fluoride above described, the hydrogen fluoride of which, given off on heating, may have been mistaken 
fur water of crystallisation. 
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Lanthanum-sine Nitrate, 2L>i(N0*)*3Zn(N0*)*.69H®0.' -Agrees in properties with 
the salt prepared by Damoiir a. Devillo (Inetit. 1868, 111), wlio, however, assigned to 
it the formula La"(NO )-’.Zn(NO»f. 811^0 or ‘2La'"(NO*)».3Zn(NOS)*‘* + 24H‘-'0. 

Lanihanum-nickcl NitraiCf 2La(N0*)*.3Ni(1^0*)*.36n*0. — Light green very soluble 
crystals, which d(\ not absorb moisture from the air so quickly as the corresponding 
didymium salt. g 

Lanthanum HypocUm'ite, La(OCl)*. — Chlorine passed into water in which 
lanthanum hydroxide is suspended, forms after a while a crystalline powder, which 
redissolves if the stream of chlorine bo continued ; and on evaporating the filtered 
solution over the water-bath, the hypochlorite is obtained in easily soluble lustrous 
plates. 

Lanthanum Sulphuhy La-S®, obtained by heating the oxide ki a current of CS® 
and CO'-, is a brownish-grey powder which dissolves in acids with evolution of 
hydrogen sulphide. Cold water decomposes it into lantlianum hydroxide and 
hydrogen sulphide. 

Sulphates.- normal sulphate, La*(SO^)^ crystallises from a neutral 
saturated solution with 6H-0. On mixing the saturated solution with an equal 
volume of sulphuric acid and evaporating over the water-bath, fine crystals of the 
bihydrated salt, L‘i'-(S0')*.2IP0. are obtained. 

Basic Sulphate, [La'-(OII)*]‘(SO^)*. — Hermann obtained this salt by precipitat- 
ing the normal sulphate with amfnonia, as a white bulky precipitate containing water. 
Frerichs a. Smith have obbiined it in the anhydrous state. 

Selenate. Ii;i-(SeO ‘)*. 1 211-0. — Colourless prisms, soluble in water.# Cleve obtained 
it with 611-0. Selenite, La‘-(Se0*)*.9H*0. Precipitated by alcohol from a concentrated 
solution of the sulphate mixed with selcnious acid. Decomposes as readily as tho 
didymium salts. Cleve’s acid selenite (p. 423) was not obtained by Frerichs a. Smith. 

Phosphates. — The orthophosphate. LaPO^, is a colourless gelatinous precipitate 
formed iroir lanthanum sulphate and trisodic phosphate. The triphosphate, 
(La‘'‘)’'H’(PO*)*, is fUl’ined as a geiatinous precipilate on mixing the solutions of 
lanthanum sulphate and disodic phosphate. Tho pyrophosphate, La*H®(P*0’)*, is 
obtained on adding sodium pyrophosphate to lanthanum sulphate, as a colourless 
precipitate soluble in excess of the sodium salt. Cleve assigns to it the composition 
J.aHP0’.3H*0. The m e t a p h o s p h a t e, La(PO®)*, is precipitated by sodium metal 
phosphate from lanthanum sulphate. 

Phosphite, La’ll*(PO*)’.- Colourle.s.s precipitate. 

Arsenate, La*li*(AsO*)*, is a colourle.ss gelatinous precipitate; the arsenitc, 
La2H*(AsO*)*, is obtained as a crystalline powder by boiling lanthanum hydrate for 
several hours with aqueous arsenious acid. 

Chromate, La*(Cr0‘)*.— Obtained, on mixing tho solution of neutral potassium 
chromate and lanthanum sulphate, as a yellow granular precipitate, appearing crystalline 
under the microscope. Slightly soluble in cold, more readily in hot w'ator, easily in 
acids. 

Manganate, La*(MnO*)*. — Obtained by heating manganese dioxide (1 pt.) with 
lanthanum nitrate (4 pts.) for half an hour, theq washing the mass with w’ator and 
drying, as a gre^'-black powder, insoluble in water, but dissolving with fine rose-red 
colour in sulphuric acid. The permanganate, La(MnO^)®.21IPO, is deposited as a 
brown powder on leaving a solution of potassium permanganate and lanthanum 
sulphate to itself for about a month. 

borate, La®(B^O’)*.— Gelatinous precipitate which dries up to a transparent brittle 

crust. 

Tungstate, Iia2(W0')*.— Obtained on mixing sodium tungstate with a lanthanum 
salt as a colourless gelatinous pecipitiite which dries up over the water-bath to a 
thick white crust ; it is soluble in acids. The molybdate, LaIl"(MoO^)*, is very much 
like the tungstate. 

Tho cyanide is a gelatinous precipitate which dries up to a dense crust. It unites 
with other metallic cyanides, forming well-crystallised double cyanides. The platino- 
cyanide, 2La(CN)*.3Pt(CN)®.18H'-0, is obtained, according to Czudnowicz, on adding 
barium platinocyanide to an excess of lanthanum sulphate. 

XiAlTTAirultZC ACZO, OT^N^O*., Sec Gltoxyl-carbamide (p. 890). 

ItAMCn ruvous. This fungus, treated with alcohol of 96 per cent., yields 
a mixture of at least four different resins. The yellowish-white portion, which dis- 
solves with difficulty in cold alcohol, may be separated by digestion with chloroform 
into two different constituents, (a). The part which is insoluble in cliloroform has 
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the composition melts at 126®, and dissolves at 14® in 303*8 pts. alcohol of 

95 per cent. (0). The part -which dissolves in chloroform has the composition C*R**Q, 
melts at 90®, and dissolves in 130 pts. of alcohol. 

The portion of the original resin which dissolves easily in alcohol of 96 percent, has 
a red colour, and consists of 69*16 per cent. C., 9*44 H., and 21*40 0. It dissolves 
madily also in alcohol of 75 per cent., and is precipitated therefrom for the most part 
ify water. The constituent which is soluble in water contains 61*91 per cent. C., 
8*11 H., and 29*98 0.; it dissolves in 68*8 pts. of alcohol and in 090 pts. of distilled 
water. 

A chemical change appears to be brought about in the resinous mixture by con- 
tinued boiling with milk of lime, the precipitate thrown down by hydrochloric acid 
from the filtrate being separable by digestion with chloroform into two different 
substances. The part insoluble in chloroform has the formula and dissolves 

in 166 pts. of alcohol. The constituent which is soluble in cliloroform has tlio com- 
position C**H*'*'0®, and dissolves in 47*8 pts, of alcohol. Both of these bodies 
contain more carbon than the white resin. On the contrary, the red residue on 
the filter, which can be separated from the calcium hydrate by hydrochloric acid, and 
does not pass into the solution, contains a smaller amount of carbon than the red 
rosin of the fungus. 

The white resin of the fungus is tasteless. The red resin is, even after the most 
careful purification, intensely bitter, and is the chief cause of the bitter taste of the 
fungus.^ The rosin of the Larch fungus contiiins fio constituent which can be con- 
verted into sugar by treatment with dilute acid. Umbelliferono occurs among the 
products of dry distillation of the resin. The resin of the Larch fungus offers con- 
siderable resistJinco to the action of concentrated nitric acid. Among the products 
of the action of this acid, aided by heat, on the mixture of resins, are found picric 
acid and succinic acid (E. Masing, Arch, l^harm. [3], vi. 111). 

XiARCR'HEB. This substance, obtained by boiling the extract of larch-bark 
with very dilute sulphuric acid, yields protocatechuic acid when fused -witll 4 pts. of 
sodium hydroxide. The same acid may be obtained by similar means, though less 
advantageously, from the extrtict itself (Stenhouse, Chem. Soc. Jour, xxviii. 7). 

XiAmi£Xi<-WATEX« Determinations of the proportion of hydrocyanic acid in 
laurel-water, prepared from leaves gathered at different seasons, have been made by 
M. Leger {Phanti. J. Trans. [3], iii. 971). 1600 grams of distillate prepared in each 
of the twelve months of the same year from 1000 grams of leaves were found to con- 
tain tile following quantities of hydrocyanic acid : 


January 

. 76 mgm 

h'ebruary 

. 96 „ 

March . 

. 100 „ 


• 76 „ 

. 100 „ 

J, loldleam . 

•' l young leaves 

. 44 „ 

. no „ 


June (old and young leaves) 84 mgm. 

July 125 „ 

August . . . . 116 ., 

September . . . . 110 „ 

October . , . . 116 „ 

November .... 100 „ 

December . . , . 66 „ 


The loss of hydrocyanic acid which laurel-water suffers in keeping is particularly 
groat when it is kept in corked bottles not quite filled. 

On Artificial Laurel-water, see A. Ripping {Arch. Pharm. [3], ix. 626 ; Chem. 
Soc. Jotcr. xxxii. 241). * 

XiAiniOCEBASXXra This name is given by E. Lehmann {N. Hep. Pharm. xxiii. 
449) to a substance intermediate in composition between amygd^in and amygdalic 
acid (i. 201), obtained from the bark of the berry-bearing alder {Rhammis fraiigida\ 
and the leaves of the cherry-laurel {Ccrasus Laurocertmts), Rhamnus bark or laurei 
loaves are exhausted with hot absolute alcohol ; and the decoctions, mixed with 
recently j^recipitated lead hydroxide, are left to stand for a week, w'hereby chlorophyll 
and tannin are thrown down. On subsequently warming the liquid, filtering, and 
mixing the hltrate with ether, an amorphous precipitate is obtained which may be 
freed from sugar by boiling with alcohol. Of this substance rhamnus bark yields 0*7, 
laurel leaves 1*38, per cent. The amorphous product, when freshly precipitated, 
exhibits the appearance of microscopic granules ; they dcliqin^sce very quickly, appear 
light yellow with a glassy lustre when dried over sulphuric acid, and brownish when 
dried at 100°; they are diffusible, optically dextrogyrate, and taste like salicin. 
Strong sulphuric acid colours them viofet, afterwards bfownish yellow. They are 
decomposed by almond-emulsion, but less easily than crystallised amygdalin. When 
boiled with baryta-water, they yield barium amygdalate and ammonia, of the latter, 
however, only half as much (reckoned on the dry substance) as is obtainable from the 
crystallised glucoside. To the product from rhamnus barX Masing assigns the 
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formula « 20"II“N0“ + 26H*0 ; to that from laurel leaves the formula 

= 2C«HWN0«+14H*0, —the body, C‘®H«NOM common to thorn both, 
contaiuiug the elements of amygdalin, and amygdalic acid, 

When the bark or tlie leaves were simply exhausted with hot alcohol, without the 
use of lead hydroxide, the same substance was obtained in union with a smalls 
quantity of water, 2C*®H“NO'''* + 2IPO. ^ 

ILAUKOSTSAHZir. II. M\\ff{BerlBer, vii. 781) points out that the cor- 
rection of the older analyses of this substance according to the atomic weights now in 
use leads to the formula C®“Jr*0® --*C*lP(O.C*''‘H-’*())*, instead of the older formula 
(iii. 475), so that the fat of the bay-tree, like all other natural glycerin fats, 
niiiy be regarded as a normal (tri-acid) glycerin-ether -viz. trilauryl-glyccri n. 
The mean of the analyses by Marsson and by Sthamer gives 73*30 per cent, carbon 
and 11’47 hydrogen, the formula requiring 73*35 C and 11*60 H. 

liAVA. See Volcanic Fkodttcts. 

&SAB. Occurrence. — Native lead is found in the Eirghis Steppe, associated 
with heavy spar and corussite in hornstone, and in the gold washings of Katharinon- 
burg in grains, together with gold, magnetic iron ore, and specular iron ore (v, Kok- 
scharow, Jahrb.f. Min. 1875, 873). 

On the occurrence of load as carbonafe, sulphide, &c., see the several compounds. 

Desilveration of Haw T/curf.*— The following method is described by Eozeau 
{Dingl.pol. J, eexvi. 171). The lead is melted in a pot, skimmed, and then trans- 
ferred to a second pot, through the bottom of w'hich steam is passed in a fine 
spray. The steam is blown in with a pressure of 3 atmospheres, and to induce the 
crystallisation the surface of the bath is sprinkled with water. The oxides thereby 
formed are skimmed off, and the* steam which has passed through the fused metal is 
condensed in chambers in which the portions of oxide carried with it are at the same 
time deposited. The melting pot is of course covered, and the lead thrown against 
the cover mtist from time to time be removed. As spon as two-thirds of the lead has 
crystallised out, the still fluid residue, which is rich in silver, is made to flow through 
heated tubes into moulds in wh\ 9 h it is cast into blocks each weighing half a 
hundredweight. A fresh quantity of raw lead is then run in from the first pot upon 
the crystalline mass in the second, and the operation proceeds as before. Lastly the 
lead crystals are fused in the pot itself, then cast into ingots, and sent into the 
market. 

At the St. Louis les Marseille works a jet of steam is used to stir the fused lead 
during the Pattinson process. By this the copper is oxidised to black oxide, and 
antimony is carried away with the stream of vapour ; 16 tons of lead are thus worked 
up in a time in which only 8 to 10 tons could be desilverised by hand labour, 'fho 
desilverised lead is very soft, and contains only 2 grams of silver in 100 kilograms, 
whereas the raw lead contains from 1600 to 2000 grams of silver in 100 kilograms 
(Luce a. Eozan, Dingl. poi. *7f ccxiv. 238). 

At the Clyde Lead-works in Glasgow, a method of desilveration, known as the 
Flach-Guillem process, is adopted. 18 tons of rich argentiferous lead are melted, 

1 per cent, of zinc is added, the molten mass is left to cool, the crust of zinc containing 
the silver and other foreign metals is removed, and the leatl sweated out in a small 
pot. The lead in the largo pot is then treated with another .J per cent, of zinc in the 
same way. A third addition of \ per cent, of zinc suffices to remove the greater part 
of the remaining silver, 6 dwts. being left in the load per ton. This lead is then run 
into the refining pitn, and the last traces of zinc are oxidised out. 

The zinc and silver alloy is heated in a plumbago crucible having a luted cover, 
and connected by a plumbago pipe with a cast-iron receiver. The zinc distils over, and 
is used again. The silver and lead alloy is then cupelled. 

All the oxide of lead formed in the operation is reduced in a slag hearth, the 
fumes being condensed in Johnstone's patent condenser. The lead from the slag 
hearth, being very impure, has to be treated in a refining pan, by which the im- 
purities are removed. The purified lead is then desilverised as before. Load by this 
process can be desilverised in thirty hours with a loss of 1 J per cent. *The market 
lead contains only *0015 per cent, of antimony, and *0004 per cent, of silver (En^ 
gineering, 1876, September 15 ; Dingl. pol. J. ccxxv. 67). 

See mrther, Eoswag a. Geary {Chenu Centr. 1878, 367 ; Chm, Soo, J, xxxiv. 819) ; 
KirchofF(JW;^i. pol. J. ccxxviii. 265 ; Chetu. Soc. J. xxxv. 761). On Keith’s method 
of desilveration by electrolysis, see Dingl. pol, J, ccxxx. 75, 328 ; Chem, 8oc, J, zxxvi. 
288, 410. 

On the properties of pure lead, and the influence of foreign bodies on its proper- 
ties and technical utility, see G. Brigel {Deut, Chem. Ges, Ber, vi. 191 ; Dingl, pol, J, 
cevii. 490). 
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Hard lead may be prepared by fusing 5 parts of lead with 1 part antimony 
sulphide, or 2 parts of litharge with 1 part antimony sulphide. The reguli thus 
obtained eonsist of lead sulphide and lead antinioiiide (Hngel). 

The presence of bismuth in lead is said to be advantageous in the preparation of 
white lead by the ordinary Dutch process, the bismuth when intin^ately mixed with 
the lead facilitating the oxidation. It often happens, however, that the bismuth accu- 
i^lates at particular pares of the lead plate, and then withstands oxidation for a 
considerable time, the plates exhibiting certain unoxidised portions of regular shape, 
the fractured surface of which is covered with a black coating of metallic bismuth. 
This effect is probably due to overheating of the lead in melting, the interior of the 
metal in casting then remaining fluid long enough to allow of the formation of an 
alloy of lead and bismuth (H. Endemann, Amer. Chemist, vi. 457). 

Specific Gravity , — The specific gravity of pure lead has been determined by P. 
Schweizer (Atmt, Chemist, vii. 174) with the following results : 

(1.) 11*352 at 23® = 11*345 at 4® 

" (2.) 11*366 „ 23® = 11*358 „ 

(3.) 11*366 „ 18® = 11-366 „ 

^jpec^men 1 was taken from the end, 2 and 3 from the middle of an ingot. 

Reactions, — 1. With Water and Saline Solutions. According to L. Bess- 
nou {Compt^rend, Ixxviii. 322), the deposit formed •l>y the action of distilled water 
and of rain-water on lead and alloys of lead and tin, consists, not of le;id carbonate as 
hitherto supposed, but of a compound containing ammoni.i, easily recognised on heating 
the deposit. This result is due to an electrochemical action, whereby ammonia is 
formed from the elements of air and water. 

Mayon^on a. Bergeret {ihid. 484) find that lead is attacked by all waters, hard as 
well as soft, a certain quantity of the lead dissolving in the water. According to 
their experiments, hydrogen sulphide will not detect extremely small Quantities of 
lead in water, because loiid sulphide, either precipitated or native, is soluble in soft 
water, and even in water saturated with hydrogen sulphide. If, however, an electric 
current be passed through a water containing lead, through which hydrogen sulphide 
has been passed, metallic lead will be deposited on the platinum wire forming the 
negative electrode. In this way it has been found that lead is dissolved even by 
highly calcareous waters, and that it is present in all waters which have passed 
through lead pipes. The quaulJty thus dissolved is however too small to exert any 
deleterious action. 

G. Bischof {Chem, Soc, J, xxxi. 428) observed that a leaden pipe containing 1*7 
per cent, antimony, which passed into a cistern where it was exposed to the alternate 
action of air and water, according to the variation of the level, became coated 
with a crust of lead carbonjito containing about 4 per cent, of sulphate, whereas 
a pipe of pure lead exposed to similar influences remained uncorroded. This result 
shows the danger of using impure lead for the construction of water pipes. 

According to Balard (d)id, 392), lead is oxidised in contact with water containing 
air ; but if the water contains any salt capable of forming an insoluble compound 
with this oxide, such a salt will be formed, and the lead will become covered with a 
closely adhering crust which stops ail further action. If, on the contrary, no such 
salt is present, the action will go on without interruption. 

According to Bobiorre and Bolgrand {Compt. rmd. Ixxviii. 317), load pipes con- 
stantly filled with drinking water are not attacked by it. Distilled water, holding in 
solution calcium sulphate or bicarbonate, or sodium phosphate, bdrate, carbonate, or 
bicarbonate, does not act on lead, whereas potassium nitrate, calcium chloride, barium 
chloride, sodium acetate, and sodium formate do not interfere with the action of dis- 
tilled water on lead. 

The following observations on the influence of various salts on the solvent action 
of water on lead, have been made by M. M. P, Muir {Chem, News, xxxiii. 102, 1259 
145 ; xxxiv. 223, 234). Nitrates when alone, even when present in small quantity 
only, increase the solubility of lead in water to a veiy considerable extent. The 
presence of other salts, however, such as sulphates, carbonates, and chlorides, greatly 
diminishes this solvent influence of the nitrates, and sometimes destroys it altogether; 
the action of carbonates in this way is especially favoural)le. Sulphates, carhonates, 
and chlorides, added to distilled water, likewise diinini.'^h its solvent action on lead, a 
small quantity of either of those salts producing even a better effect than a larger 
quantity. In presence of those salts which exert a retarding action, the quantity of 
lead dissolved scarcely exhibits any further increase after the lapse of twenty-four 
hours, whereas in the case of salts which, like the nitrate, increase the solubility, the 
amount dissolved increases continuously with the duration of the action. Water 
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saturated 'with carbonic acid under ordinary pressure does not exert much solrent 
action on lead, but water siiturated with carbonic acid under a pressure of 0 atmo- 
spheres dissolves lead in considerable quantity. The solubility is not increased by 
the presence of a small quantity of ammonium nitrate, and potassium carbonate 
exerts a retarding influence in this case also ; but the quantity of lead dissolved is 
still so considerable as to render such water unfit for drinking. ' 

The precipitate formed on the surface of exposed lead, or deposited at the bottAn 
of the vessels, consists of hydrated basic lead carbonate, 2FbCO*.Pb(OH)*. The 
solubility of this salt in the saline solution is increased when access of air is pre- 
vented ; addition of carbonic acid increases the solubility. A solution of potassium 
carbonate does not exert any solvent action on lead hydrocarbonate. The action of 
the air gives rise to a slow separation of the dissolved hydrocarbonate, which is 
slowest from the solution in ammonium nitrate. The order of solubility of lead 
hydrocarbonate in various saline solutions, agrees nearly with that of metallic lead in. 
the same liquids. The following table shows the numerical results, which, however, 
must be regarded as only approximate. 


Sohihility of Lead Hfdrocarbonatet 2PbCO*.Pb(OH)-, in various dilute 
Saline Solutions at ordinary temperatures. 


Grams of 
« salt 

Solution. perUtre. 

Ammonium sulphato . . 0*20 

Potassium nitrate . . .0*20 

Calcium chloride . . .0*20 

Ammonium nitrate . . 0*20 

Water saturated with CO* . 


Solubility of lead salt. 

^ ■»- _ ^ 

Kzpcriments carried Experiments in 

out in corked flasks. beakers. 

1 part in 32,000 1 part in 43,000 

1 „ 26,000 1 43,000 

1 „ 23,000 1 „ 26,000 

1 „ 4,600 1 „ 26,000 

1 „ 4.300 1 „ 


(Muir, Chei^. Soc. J. xxxi. 660). 

On the action of potable waters and of saline solutions on lead, see alio F^os 
(Compt. rend. \si]Ly\l 1099; Chem. ^oc. J, xxvii. 232; Compt, rend, jw8; • 

Chem. Soo. J. xxvii. 872*; Jahreshf. Chem. 1874, 278). • ^ •, 

According to J. Merrick {Amer, Chemist, iv. 289} lead, is strongly acted; n|mi by 
oil of turpentine, : .j • ' 

On the action of nitrio add on lead, see Nitric acid. 


Detection of Lead. — H. B. Cornwall {Chem. News, xxxiv. 27) MQqn|maiids for 
this purpose the use of v. Koboll’s tost for bismuth, which conidtts in heating the 
substance under examination on charcoal, with a mixture of su^hur and potessHun 
iodide (vii. 190), whereby a yellow sublimate of lead iodide ii obtained..^' The ^ 
great volatility of this compound renders it possible to detect lead by this reactign, 
even in presence of bismuth and other metals. 

£. Klingelhoffer (N. Jahrb. Pharm. xxxix. 86) has observed the presence of lead > 
in many commercial samples of tartaric acid. To detect it, the acid must be neutz^- 
ised with ammonia before precipitating with hydrogen sulphide. 

llhe presence of lead in tinned vessels may be detected by laying on the 
thickest part of the tinning a drop of nitric acid, removing the add by gentle heating, 
and after the metal has cooled, laying on the pulverulent spot a small quantity of 
a dilute solution of potassium iodide. This soluti/in is without action on stannic 
oxide, but it acts on lead nitrate, producing a yellow precipitate of lead iodide. 
The reaction is very delicate, giving a distinct yellow coloration even with only 1 pei^J 
cent, of lead (Fordos, Bidl. ^c. Chim. [2), xxiii. 346). With regard to this metjj^iod,' 
Piirckhauer observes that the nitric acid cannot be completely expelled by mere 
warming, and that consequently tin even quite free from lead will, when treated as 
above, exhibit a more or less distinct yellow coloration due to iodine separated by the 
still remaining acid. He therefore recommends that, previous to the addition of ; the 
pota.ssium iodide solution, the spot be wetted with a vciy weak solution of pQ^ln A 
similar process for the detection of lead in tinned vessels is given by A. 

{Compt. rend. Ixxx. 961), who, however, uses glacial acetic acid instead of nitribl^d^ 
Estimation. 1. By Electrolysis. — Lead may bo precipitated electiolytically in 
a coherent state and of a dull colour by operating on solutions, preforabl5r alksliuCr Jg 
containing phosphoric and tartaric acids. The presence of acetic acid tends to lj;e^ " 
the positive pole free froi;n peroxide (Farodi a. Mascazzini, Gazs, chim, ital. vii. 2^). ; , 
See also Kiche {Compt, rend. Ixxxv. 226). 

2. As fodate. — lioad may be estimated as iodato in the absence of hydrochlarie ^ 
acid, or alkaline chlorides, bromides, or iodides, load iodate being much less soluble ia ^ 
alcohol even than the sulphate. The lead iodate may bo weighed, or it may be ' 



LEAD. 


1169 


cipitated with a standard solution of iodic acid, the excess of which is estimated in 
the filtrate. The iodate solution must be standardised by means of a solution of pure 
lead nitrate. Hydrochloric acid rapidly' dissolves lead iodate (C. Cameron, Qlknu 
J^wSf xxviii. 146). 

^Volmnetric Estimation by Chromic Add. — The lead salt dissoU^ed in water is 
mixed with a little acetic acid, and excess of a standard chromate solution conbiining 
14761 grams of potassium dichroraate per litre; the lead chromate is filtered off, and 
the excess of potassium dichromato is determined by acidulating with hydrochloric 
acid, and running in a solution of stiinnous chloride till the chromic acid is nearly 
but not entirely reduced. A few drops of starch paste and potassium iodide are then 
added, and stannous chloride cautiously poured in till the blue colour of the iodide of 
starch disappears (0. W. Hinman, Am. J. Sci. [3], xiv. 478). Pellet {Bull. Soc. Chim. 
[2b xxii. 246) adopts a similar process, but estimates the excess of dichromate by 
addition of a ferrous salt and titration with permanganate. 

Estimation of traces of Lead in Waters. — The colorimetric estimation of traces of 
lead in waters by passing hydrogen sulphide into the liquid yields very low results in 
presence of free hydrochloric or oven of free ac(?tic acid ; indeed, traces of load are 
frequently not converted into sulphide at all under those conditions. G. Pischof 
modifies the process by dissolving the water-residue, after, it has been gently ignited, 
in as little hydrochloric acid as possible, filtering, and passing hydrogen sulphide ft)r 
a short time through the filtrate and washings. The liauid is then mixed with a slight 
excess of ammonia, and again with excess of pure hycm^chloric acid. The formation 
of ammonium sulphide in the liquid secures the conversion of all the lead present 
into sulphide, which then remains unchanged on again acidifying. In some cases it 
is preferable to unite the lend sulphide precipitate into lumps by shaking the liquid ; 
filter this off ; dissolve it ia pure strong hydrochloric acid ; and rcprecipitato it as 
descsii^ above for the colorimetric estinuition. This proceeding has the advantage 
of di4tlbraishing lead sulphide from copper sulphide, the latter not dissolving in 
strong cold hydrochloric acid at all. The standard solution used for companson is 
dilut^ if necessary in the test-glass until its colony intensity is the same as that of 
the t^ samplOf ,' Shaking of the solution after passing the hydrogen sulphide must bo 
avoided^ as the colour intensity is apt to be altered by the precipitate uniting into 
fiakos (Zeitschr, anal. Chem. 1879, 76)* 

Ajssay of Lead Ores. — The following method is described by Mascazzini {Dingl. j)ol, 
J. cevii. 49k Pure ores are reduced with zinc and hydrochloric acid, and the 
tnetallie leaa, after being separated by washing, is fused with an appropriate flux. 
Impure ores; containing zinc blende, copper pyrites, or iron pyrites, must first bo 
gradually heated to redness with ammonium sulphate in order to convert the sulphides 
into sulphates. On Subsequent treatment with sulphuric and hydrochloric acid, the lead 
remains as sulphate, the silver as chloride, and these compounds may be reduced witii 
xinc, and the metals fused as above described. As a fiux for fusing the spongy load, 
Mascazzini recommends that proposed by Plattncr, viz. 13 parts pot:issium carbonate, 
10 sodium carbonate, 5 fused borax, and 6 dry starch. The same process may servo 
for the assay of lead ores rich in gold and silver, and, with certain modifications, for 
the valuation of antimony, tin, and copper ores. 

To give greater exactness to the estimation of Iciwi in sulphuretted ores, J. Lowe 
(Dingl. yd. J. ceix. 139), after treating the ore with nitric acid, wlioreby a residue is 
loft containing more or less lead sulphate, exhausts this residue further with sodium 
thiosulphate, precipitates the lead thereby dissolvdll with hydrogen sulphide or 
aaimonium sulphide, and converts the precipitated lead sulphide iiik.*sulphjite. The 
amount of lead calculated therefrom is then added to the principal quantity contained 
in the nitric acid solution. 

’ According to F. Mohr (Zeitschr. anal. Chem. 1873, 142) the decomposition of 
galtna which Storer effects by the action of hydrochloric aciil and zinc (vii. 
727), inay also bo effected by the use of hydrochloric acid alone ; and the separation 
of the lead in the metallic state, according to Storor’s method, may take place even 
when the zinc is not in direct contact w’itli the lead sulphide. The w'eighing of the 
.lead ill metallic state is less exact, according to Mohr, than its estimation as 
tiilphate or as oxalate, .which latter salt is quite insoluble in excess of oxalic acid, 
may be titrated with permanganate. 

When galena is triturated with a solution of acid potassium sulphate, a brisk 
6'i^luifcion of hydrogen sulphide takes pbice, whereas other ^sulphuretted minerals, 
the exception of zinc-blendo, do not exhibit this reaction. Acid j^tassium 
may therefore serve as a test for the recognition of galena in mixed ores 
^annettaz, Compt. rend. Ixxvii. 838). 

Stead Alloys. 1. With Antimony. The action of hydrochloric acid on alloys 
VoL. VIIL 4G 
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of lead and antimony has been exathined by H. v. d. Flanitz {fieut, Chem, Gea. JBer, ni. 
1664). The alloys used in the exporimen^woTe formed by melting very soft lead with 
quantities of 'antimony such that the 'au^s contained O'S, 1, 2, 5i 10 and 20 per 
cent, of antimony. They were cast in the form of rectangular plates, 6 c.m. long, 6*6 
broad, and 0*25 tliick. In one scries of experiments the plates wore completely immeMed 
in the acid, in another series only partially, so that they were partly in contact with 
the air. As soon as these plates were immersed in pure strong hydrochloric tcid, 
evolution of gas began, slow with pure lead, quicker with tHe alloys in proportion to 
the quantity of antimony contain^ in them. The hydrogen evolved in the action 
of tlie acid on antimoniettod lead contained hydrogen antimonide. After the action 
had continued for eight to fourteen days, a split showed itself on each edge of the 
plate and continually grew wider, and from the four narrowest faces of the plate four 
prisms separated, this effect in tlio case of the 20 per cent, alloy taking place after 
about 3 weeks. At the same time the rest of the alloy becfimo considerably thicker, 
and altered in appearance, the surface becoming covered with shining scales of lesid 
chloride. If the plates wore left in the acid still longer, they ultimately split in 
halves, in the direction of the cleavage-face passing through the edges which were 
formed by the division of the prisms in the middle of the thickness of the original 
plates. In the alloy richest in antimony this division took place a week after the 
separation of the prisms. The plates had become rotten and even friable, and wore 
ponetratod thronghout by chloride of lead. The same scries of changes took placo in 
the less highly antimonietted Jloys, but more slowly, and in pure lead the action was 
scarcely perceptible. AVhen, however, the plates were partly in contact with the air, 
the formation of load chloride was facilitetod, and a commencement of division was 
distinctly observed after some months, even in the case of pure lead. 

2. With Bismuth. A case of spontaneous decomposition in an alloy of lead and 
bismuth is described by A. Vogel (A. Bep, Pkarm, xxii. 471). Some castings of this 
alloy, of (lark, nearly black colour, were covered on some points with excrescences 
due to oxidation, and on others the alteration had proceeded so far that the metal 
could bo rubbed to a coarse powder between the fingers. At the same time the 
casting had lost its flat shape, anu was curved to one side. The fresh fracture, when 
examined under the microscope.i exhibited a grey colour, dotted here and there with 
metallically lustrous spangles. In ovciy case the decomposition had commenced at 
one point, and spread therefrom as a centre through the entire mass. The analysis 
of three of these castings gave: (1). Ijcad 66, bismuth 34; (2). Lead 86, bismuth 
14 ; (3). Lead 88, bismuth 12. The powder dissolved partially (20 to 30 percent.) in 
acetic acid, with brisk evolution of carbon dioxide, yielding a solution containing 
bismuth as well as lead. The decomposition may perhaps bo attributed to the well 
known tendency of bismuth to assume the crystalline form. 

On the action of Water on Alloys of Lead and Tin, see p. 1167. 

On Lead-amalgam. See Mebcury. 

Xiead Ctalorlde, FbCR Hoscoe {JBer, xi. 1196) has determined the vapour- 
density of this compound by heating it to bright redness in a long-necked porcelain 
globe. The following results were obtained : 

Temperature .... 104$® 1089® 1077® 1070® 

Specific gravity of vapour . . 9-12 9*72 9*61 9*64 

showing that the molecular formula of the compound is PbOl*, which gives for tne 
calculated vapour-density the number 9*62. 

Formation of Hom-Uad in Historic Times . — This mineral has been found at 
Bonrbonne-les-Bains, in prismatic crystals and thick crusts, coating two leaden pipes 
of Roman workmanship. * One of these pipes is internally corroded even to perfora- 
tion ; the other encloses a bronze pipe — doubtless a repair rendered necessary by the 
corrosion of the latter. The bronze is coated on the inside with a layer of atacamite. 
Outside the crust of horn-lead is a coating of galena mixed with gypsum (Baubrde, 
Compt, rend. Ixxxi. 182). * 

Oxyaalts. Carbonat s.— On the occurrence and crystalline form of the native 
carbonate, see Ceeussitb ('p. 426). On the formation of the crystallised carbonate 
on some objects found at Pompeii, and on the solubility of the salt in ammonium 
butyrate, • see Cabbonates (p. 412). On the decomposition of lead carbonate by 
sodium oxalate and of^lead oxalate by Lodium carbonate, see Carbonates (p. 410). 

On the Preparation of White Lead, see K. v. Weiso {IHngl. pol. J. ccviii. 434 ; 
Chem, 8oc. Jour. xxvi. 1268); Wittstein (JHngl. ccxii. 223; Jahresh. f Ohm, 1874! 
1119) ; W. Hampe {Am. Chem. v. 241 ; Jahresb.f. Chem. 1876, 1074). 

Crystals of lead sulphate (anglesite) from the White Bose vein of 
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the Eleonora Mine at Langenstriogis in Saxony, are flescribed by A. Frenzrf (Jahrh./, 
Min, 1874, 684). They occur in three horizontally prismatic (rfa> . «>P), 

pyramidal (P . 2P, sometimes also ooP), aim upright prismatic (ooP . ooP2 . ao? oo . 
Poo . OP). Crystals of angles! te with numerous faces from the Huttenberg mining 
diljbict in Carinthia are described by v. Zepharovich ( PerA. geol, Reichfianst. 1876, 76). 

jhilpkato-carbonate . — According to Ljispeyrcs there are two distinct ncitivesulphato- 
carsbnates of lead, one anhydrous (leadhillite), the other hydrated (maxite) : see vii. 
732, 782 ; also MAxiTK^jin this volume, llertrand, on the other hand, regards maxite, not 
as a distinct mineral species, but as leadliillite altered by the action of water ; and 
later experiments by C. Hinze {Pogg. Ann. clii. 2oG ; Jahrh. f. Min. 1874, 974) point 
to the conclusion that the two minerals are identical, their composition being represented 
by the formula 2PbSO^4Pb0O®.211-'O. Both minernls when heated give oiF no water 
at 100° and only about O'l per cent, at 200° ; by prolonged licating, however, tlie 
following quantities of water — substantially the same for both — w'ere obtained : 

Ih. 5h. 10 h. 15 h. 20 h. 

Leadhillite (Scotland). . 0*489 0*848 0*978 1*346 1*735 

Maxite (Sardinia) . . 0*445 0*850 0*966 1*353 1*739 


The optical characters were also found to be identical. An analysis of maxite 
gave the values A, agreeing very nearly with those calculated from the formula above 
given, B : • 


PbO SO* CO> 

A. 80*80 8*17 9*18 

B. 80*76 8*27 9*11 


n»o 

2*00 100*15 

1*86 100 


Sp. gr. 

6*547 at 18*9° 


Tellur ate of Lead. See Tellurium. 

Bulpbldei PbS. On the occurrence of galena in rods (so-called Rbhrenerze') at 
Raibl, see Posepny {Jahresh.f. Chem. 1873, 1146). On the crystallography vi ghlona, 
see Sadebeck (kitsch, geol. Gea. xxv'., 617 ; Jahrh. Min. 1876, 83). On the occur- 
rence of galena together with lejul sulphate as an incrustation at Bourbonne-lcs-Bains, 
see p. 1170. On the decomposition of galena by zin.- and hydrochloric acid, and by 
acid potassium sulphate, see p. 1 1 69. 

XiBAB-CBiillSBBR CBTSTAXiS. See Nitrosulfhonic Acid. 

XBABBZXiBZTB. (vid. sup.) 

BBAVBS. See Plants. 

ZiBCAWORA. The ethereal extract of Lreanora atray collected in the neighbour- 
hood of Palermo, yielded, on evaporation, a crystalline mass mixed with a soft brown 
resin, easily removed by washing with cold ether. The crystals are a mixture of two 
acids, which wore separated by means of chloroform ; one iatramrio acid) is colourless, 
and but slightly soluble in cold chloroform ; whilst the other, which is yellow, is very 
soluble. 

Atranoric acid crystallises from chloroform in small, colourless, transparent prisms, 
which melt at IGO”^, and are but very slightly soluble in cold alcohol or ether; it is 
inodcrafoly soluble in boiling chloroform. The results of its analysis correspond 
closely with the formula It has feeble acid characters, although it does 

not affect litmus, dissolving in alkaline solutions, and being rcprecipitated by acids. 
Boiled with aniline and alcohol, it yields a compound crystallising in lustrous yellow 
needles, which molt at 156®. Heated with alcohol at 160°, it is coiVcrted into a 
crystalline subst.aiico, very soluble in alcohol. It forms long needles, which melt at 
115°. 

The yellow acid accompanying atranoric acid in this lichen, closely resembles 
usnic acid in appearance, general characters, and behaviour with solvents, but melts 
at 176°, whilst usnic acid molts at 195°-197°. Heated with alcohol to 150°, it yields 
a substance crystallising in slender needles, and melting at 175° just like the decarb- 
usnic acid obtained from usnic acid by this process. With aniline and alcohol it 
also behaves like usnic acid. The product of the dry distillation of the acid, when 
extracted "with water and filtered from tar, gives a yellow colour with ammonia and 
potash, bro*wn with ferric chloride, and deep red with sodic hypochlorite. Usnic acid 
(from Zcora sordida) gives results almost identical. This would tend to show that 
the acid is merely usnic acid whose melting pomt is lowered by Ahe presence of some 
impurity in small quantity ; the results of the analysis give carbon about 0*6 per cent, 
lower than that required by the formula C*®H‘®0’. It is perhaps the betausnic acid 
of Hesse ; and the cladonic acid of Stenhouse, extracted from Cladonia rangtferinay 
may be merely impure usnic acid (Patern6 a. Oglialoro, Gazs, chem, ital, 1877, 189). 
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&BDirM OZli. The volatile oil of the Mairsh Wild Hosemary {Ledum falustre)^ 
when recently prepared, is yellowish, viscid, lighter than water, and has a pungent 
odour. When exposed to the air, the greater part of it solidifies to a crystaUino 
mass soluble in alcohol. The fresh oil, when kept in closed vessels, gradually becomes 
thicker and finf>.ily solidifies to a gelatinous mass, which dissolves in alcohol and ^er, 
and solidifies in laigo prisms when the solvent is evaporated. Chlorine, bromine, 
and iodine act strongly on the solidified oil {Ledum camphor ) ; sulphuric acid disrolvos 
it, forming a colourless liquid which is turned violet by nitric acid. The analysis of 
Ledum camphor leads to the formula C*®H"0 (J. Trapp, Russ. Zeitschr. Pharm. 
1874, 289; compare iii. 567). 

N. Iwanow {ibid. 1876, 677) prepared Ledum oil from tho plant growing in the 
neighbourhood of St. Petersburg, by distillation with water. The largest yield, con< 
sisting of a white crystalline mass saturated with oil, was obtained from the leaves 
and young twigs before flowering. By repeated crystallisation from alcohol, colourless 
prisms were obtained, having a faint odour, insoluble in water, but easily soluble in 
alcohol, ether, chloroform, and benzene ; they melt at 101® to a liquid which boils at 
174®; their alcoholic solutionis dextrogyrate. Their analysis led to the formula 
C*H*0^ The oil which remained in the alcoholic mother-liquor yielded, on prolonged 
standing, another crop of crystsils ; the rest of the oil was not further examined. 
The aqueous distillate of the plant yielded, on agitation with other, a mobile, yellowish- 
red, fragrant oil having the composition 

.KBGUMnr. See Proteids. 

ZiBOirMZirOSB:. On the detection of the flour of leguminous seeds in wheat- 
flour, see p. 792. ■' 

XiBKOir-JVZCB. Adulteration with Nitric Acid . — This acid, which has recently 
come into use as an adulterant of lemon-juice, to increase its acidity, converts the 
citric acid of the juice, wholly or partially, during tho process of concentration by 
heat* into oxalic, acetic, and c<irbonic acids, so that, on neutralising tho juico with 
milk of lime, there is obtained, instead of citrate, a mixture of oxalate, acetate, and 
carbonate of calcium. The nitric acid may be detected by adding to a small quantity 
of the juice in a test-tube, an uqueous solution of ferrous chloride strongly acidulated 
with pure hydrochloric acid and quite free from ferric salt ; boiling the liquid for a 
few minutes ; and testing it with potassium thiocyanate dissolved in water. If tho 
liquid contains nitric acid, it will bo coloured more or less deeply red, according to 
the quantity of ferric thiocyanate thus produced. 

This process succeeds equally well if the juice likewise contains common salt, 
sulphuric acid, or tartaric acid. To apply it to boiled lemon-juice, tho juice must be 
diluted with water in order that the colour produced by the thiocyanate may be 
distinctly visible (Scribani, Gass. chim. itaX. 1878, 284). 

On tho estimation of Citric Acid in Lemon-juice, see Citric Acid (p. 607). 

BBMOXr-OZZi. See Terfenes. 

XiBOM'BAillBZTB (iii. 571). Crystals of this mineral from Floitenthal are 
described by Brezina {Jahrh. f. Min. 1877, 644); they are from 1 to 4 cm. long, and 
exhibit the combination ooP . OP. They have been analysed by A. Smita {ibid. 1878, 
81), who found for the ignited substance thft values given under A, agreeing nearly 
with the formula, CaAl-Si^O** or CaO.Ar‘'0*.4SiO* ; (B) and for tho substance heated 
over sulphuric acid till its .weight became constant, the values C, leading to the 
formula H®CaAPSPO>» or Ca0.AP0».4Si0*.3n*0 (D): 



SiO» 


CaO 

H“0 

A found . 

. 6015 

25-91 

14-19 

— = 100-25 

B calc. . 

. 60-18 

25-78 

14-04 

— = 100 

0 found . 

. 62-92 

22-44 

12-23 

12-38 = 99*97 

D calc. . 

. 53-GO 

22-70 

12-37 

11-93 = 100 


Bammelsberg regards leonhftrdite as a laumontito (iii. 472) which has lost a 
molecule of water, and this view is confirmed by the experiments of Smita. Laumontite 
has the composition H^CaAPSi^“ + 2aq., and of its two molecules of c^stallisation- 
water, one is given off slowly in dry air at ordinary temperatures, quickly at 100®, 
while the second requires a heat of 300® to expel it. The remainder of the water 
(2H*0) is given ofif only at a red heq.t, and must be regarded as so-called water of 
constitution. LeonUaidite is a laumontito which has lost about half the first molecule 
of crystallisation-water belonging to the latter, and therefore contains a quantity of 
water rather greater than that required by the formula H®CaAl^i^O** or 
H^CaAl^i^O** + aq., which, however, correctly represents its composition after it has 
been exposed fbr some time to diy air, or heated to 100®. 
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UPlBXWf G^H^O (also called Lepidene), This compound, discovered by 
Zinin in 1867, is formed, together T^ith dibanzyl and an oily body, by heating benzoin 
with fuming hydrochloric acid, and is separated from the other products by its sparing 
soMility in alcohol and ether. It crystallises from alcohol or acetic acid in feathery 
or Bminar groups of flat needles, melts at a little above 175°,*and bo\).s at 220^. It 
is i^luble in water, soluble in 170 pts. of boiling alcohol, nearly insoluble in cold 
alcoJrol, soluble in 38 pts. of boiling and 92 pts. of cold ether, in 28 pts. of boiling 
and 500 pts. of cold glacial acetic acid (vi. 780). According to a later determination 
by Zinin {BvlL Soc, Chim. [2], xxv. 292) it dissolves at the boiling heat in 16 pts. 
of acetic acid of sp. gr. 1*0669. 

Dlbromolepldliiv obtained by adding bromine to lepidiu dissolved 

in acetic acid, forms needle-shaped crystals melting at 190® (vi. 781). 

Chlorolepldlns. The action of chlorine on lepidin dissolved in acetic acid is 
different from that of bromine, giving rise not to dichlorolcpidin, but to needle- 
shaped oxylepidin {infra). 

Dichlorolepidin^ C‘-*I1**C120, is known in two modifications : (a). Lepidin heated 
with an equal weight of phosphorus pontachloride till all excess of the latter is dis- 
tilled off, is converted into a resin, the solution of which in ether or in boiling acetic 
acid deposits crystals having the composition of dichlorolcpidin, soluble in 66 parts of 
boiling alcohol, and melting at 169®. (jS). The sparingly soluble modification of 
dichloroxylepidin {infra), boiled with zinc and acetic ffcid, dissolves readily, forming 
a solution which, when poured into water, yields a curdy precipitate, consisting of a 
mixture of two substances, one easily soluble in ether, the other insoluble ; and on 
evaporating the solution obtained by treating this precipitate with ether, and rocrys- 
tallising the residue from acetic acid, or better from alcohol, long, rather thick, white 
needles are obtained, consisting of an isomeric dichlorolepidin, which dissolves in 12*5 
parts of boiling acetic acid, in 174 parts of boiling alc!ohol, and melts at 166® (Zinin, 
Deui, Chem. Ges. Ber, v. 1104'; N. Petersb. Acad. Bull. xx. 647). • 

The higher chlorolepidins are obtained by heating oxylepidiu in sealed tilbcs with 
pcntachloride or oxychloride of phosphorus. forms white crystals melting 

at 186®. 0'‘**II*^C1®0 and C^®H**C1®0 are amorphous, ♦he former molting at 80®-90®, 

the latter softening at 70® and melting at 97® (vi. 781). 

Oxylepidin, formed by the action of nitric acid on a boiling solution 

of lepidin in glacial acetic Jicid, was originally obtained in yellow needles molting 
at 220® (vi. 781). Subsequent experiments by Zinin {Beat. Chem. Ges. Ber. v. 
1104) have shown that it is susceptible of three raodificJitions. When the compound 
obtiiined in the manner just mentioned is heated to 340® (slight evolution of gas 
then taking place), it solidifies on cooling to a resinous mass which dissolves in 8 to 
10 parts of ether, and the solution yields on evaporation three kinds of crystals, 
viz. tablets, short four-sided prisms, and microscopic octohedrons. 

Tabular oxylepidin ciystallises in rhombs sometimes 10 mm. long. It dissolves 
in 4*6 parts of boiling alcohol of 96 per cent., and the solution may be concentrated to 
the strength of 1 in 46, whereupon the liquid boils up and solidifies completely. This 
variety of oxylepidin dissolves in 1 part of acetic acid. It may be heated to 130® 
without loss of weight, melts at 136‘% and solidifies to an amorphous resin. Zinc 
does not act on its solution in acetic acid. When 20 grams of tabular oxylepidin are 
dissolved in a solution of 6 grams of potassium hydroxide in 40 grams of alcohol, a 
potassium salt is formed belonging to an acid which is insoluble in water, 

but dissolves in 3*6 parts of boiling alcohol, readily in ether, and sepjsratos from the 
boiling solutions of its salts, on acidulation, in the form of a soft resin. This acid 
crystallises in four-sided prisms or in hemispherical groups, and molts at 196®, with 
loss of water, leaving a residue of tabular oxylepidin (Zinin, Ber. v. 1104). 

Octahedral oxylepidin, besides being formed, together with the other two modifica- 
tions, in the manner above mentioned, is likewise produced by boiling the needle- 
shaped variety with alcoholic potash or soda. To prepare it, 20 parts of needle- 
shaped oxylepidin are heated in a reflux apparatus with 300 parts of 96 per cent, 
alcohol and about 15 parts caustic soda, till the crystalline mass, which lias become 
granular, no longer exhibits any needles when examined by the microscope (12 to 16 
hours). Should the liquid, which is usually light yellow, assume a dark brown colour 
during the boiling, it must bo poured off from the deposit, and the latter, after wash- 
ing with alcohol, boiled with a fresh portion of alcoholic soda •solution. 20 grams of 
needle-shaped oxylepidiu yield about 16 grams of the octohedral modification, which 
may bo purified l)y washing w’itli alcohol, water, and ether, and recrystallisation from 
acetic acid. Octohedral oxylepidin is very slightly soluble in boiling alcohol, and 
dissolves in 76 parts of boiling acetic acid. It melts at 232® to a liquid, which 
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solidifies again in the crystallinei form at 200^. It is not acted on by boiling alcoholic 
potash. 

By dry distillation all the three oxylepidins are converted into a body which may 
be purified by washing with a small quantity of ether, treatment with alcojmlic 
pobish, and re^rystiillisation fromulcuhol. This substance dissolves in 18 paj£ of 
boiling and 266 parts of cold 05 per cent, alcohol, and crystallises in four-sided llates 
which may bo hoatted to 130° without loss of weight, and molt at 150°. It ^rees 
in composition with the formula and is therefore isomeric with lepidin. 

Hlbromoxylepidlnt is known in four modifications. One of them, 

which crystallises in needles, is obtained by adding bromine in excess, but by small 
portions, to a boiling solution of needle-shaped oxylopidin in glacial acetic acid. An- 
other modification is produced by treating needle-shaped oxylopidin with bromine not 
in excess, also by the action of nitric acid on dibromolepidin dissolved in glacial acetic 
acid. It melts at 222°, dissolves in 40 parts of boiling acetic acid, and separates 
therefrom on cooling in the form of a radiate crystalline mass. When heated above 
its melting point, it is converted into a resinous substance, easily separable into two 
dibromoxylepidins isomeric with the preceding, and analogous to the two dichloroxy- 
Icpidins produced in a similar manner {infra). One of them is very sparingly 
soluble, whilst the other is a resinous substance easily soluble in alcohol, ether, and 
glacinl acetic acid, and converted by alcoholic potjish into dibromoxylepidinic 
acid, which is monobasic, dissolves in boiling acetic acid, and crystallises therefrom 
on cooling in six-sided laminae. 

The sparingly soluble modification is also produced by heating needle-shaped 
dibromoxylepidin with a quantity of alcoholic potash not sufficient to dissolve it 
completely: it is nearly insoluble in ether; a mixture of 66 parts acetic acid and 
1000 parts boiling alcohol of 95 per cent, dissolves it partially, and the solution on 
cooling deposits it in rather thick, lemon-yellow rhombic plates, which melt at 239®, 
and are converted at a higher temperature into the resinous modificiition. Needle- 
shaped dibromoxylepidin, or its sparingly soluble isomeride, dissolved in 12 parts of 
acetic acid and subjected to the /iction of zinc, is converted into a mixture of di- 
bromolepidin (m. p. 190°) and hydrodibromoxylepidin, C**H*®Br*0*, which 
may be separated by precipitating them with water, drying the crude mass, and 
treating it with ether in which the dibromolepidin is very easily soluble. Needle- 
shaped dibromoxylepidin moistened with alcohol and treated with sodium-amalgam, 
and the sparingly soluble modification subjected to the action of zinc and acetic acid, 
behave like the corresponding dichloroxylepidins when similarly treated (Zinin, N, 
Petersb. Bull, xxi. 66). 

Chloroxylepldlns. Monochloroxylepidin, fovmoA by heat- 

ing 2 parts tabular oxylepidin, 2 parts phosphorus pentachloride, and 1 part phosphorus 
oxychloride to 180°-200® for 12 hours, and remains, on treating the product with 
water and 4 or 5 vols. ether, as a white powder, which, after crystallisation from 
boiling acetic acid (1 part dissolving in 22-8 pirts of tho acid), resembles tetrachloro- 
benzile in appearance and solubility. It melts without loss of weight at 185^ (Zinin, 
Ber. v. 1104). 

Bichlor oxylepidin, C”H'*CI"0*, like the corresponding bromine-compound, is 
known in several modifications. One of these is prepared by heating 1 part lepidin 
with* 4 or 6 parts phosphorus pentachloride to 115°- 120° till tho whole is dissolved, 
pouring tho hot product, which solidifies on codling, into water, and washing the 
precipitate with ether; also oy the action of oxidising agents on needle-shaped 
dichlorolepidin.* It forms small needles, which molt without loss of weight at 20*2°, 
and dissolves in 90 parts boiling other, in 13*7 parts boiling and 146 parts cold acetic 
acid (Zinin, loc. cit .) ; according to a later determination {N, Petersb. Acad. Bull. xxi. 
66) it dissolves in 10*8 parts boiling acetic acid of sp. gr. 1*0659. When dissolved in 
acetic acid (1 part in 7) and boiled with zinc, it is converted into a mixture of di- 
chlorolepidin (60 per cent.) and hydrodichloroxylepidin, C“H“C1*0* (16 
per cent), separable by ether, in which dicUorolepidin dissolves with great facility. 

When this needle-shaped, dichloroxylepidin is heated nearly to its boiling point, it 
is convexted into two isomeric modifications, one of which is very soluble in alcohol, 
ether, and acetic acid, separates from its solutions in the form of a soft resin, and 
reacts with alcoholic potash, similarly to tabular oxylopidin (p. 1173), yielding a mono- 
basic acid, viz. dichlopoxylop idinic acid, (p. 1176). The portion of 

the overheated dichloroxylepidin which is insoluble in other (3 to 4 per cent, of the 
whole) is also a dichloroxylepidin, and is analogous in its characters to octohedral 
oxylopidin. When boated to commencing ebullition, it is converted into the easily 
soluble modification which yields dichloroxylopidinic acid. This modification, called 
by Zinin ‘ sparingly soluble dichloroxylepiin/ i.s also produced in large quantity by 
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the action of alcoholic potash or soda on needle-shaped dichloroxylepidin. To prepare 
it, a mixture of 20 grams needle shaped dichloroxylepidin, 200 alcohol and 15 sodium 
hydroxide is heated (for 20 to 24 hours) till the sediment, when examined by the 
microscope, appears free from needle-shaped dichloroxylepidin ; the product amounts 
|L 16 grams. It forms a granular powder, the individual grains of which appear under 
tn microscope as groups of short thick four-sided prisms. It melts^at 230°, is nearly 
i^luble in alcohol and in ether, and dissolves in 36 parts of bojling acetic acid, the 
solution on cooling retaining only 2 per cent, of the substance. It is identical with 
the modification obtained in small quantity by the action of heat bn needle-shaped 
dichloroxylepidin. 

Dichloroxyl^idinic acidy C*®II*"C1*0®. — ^When dichloroxylepidin heated above its 
melting point is treated with ether and the ether left to evaporate, the remaining 
resinous mass dissolved in boiling alcohol containing a little caustic potash, 
the solution largely diluted with water, and the filtered liquid mixed with acetic acid, 
a yellowish resin is precipitated which becomes hard and brittle on cooling. On 
pulverising it and adding a little acetic acid, the powder softens and partly dissolves, 
and suddenly there is formed a compact brittle mass, which is to be pulverised and 
washed with small quantities of cold acetic acid ; the white mass which then remains 
is nearly pure dichloroxylepidin] c acid. The crude resin, if treated with a sufficient 
quantity of acetic acid, readily dissolves, forming a solution which soon becomes 
turbid, and deposits a crystalline powder identical with that which is obtained by 
repeated washing. • 

Dichloroxylepidinic acid crystallises with difficulty from alcohol and ether, much 
more readily from acetic acid. 1 part of it dissolves in 16 parts of boiling acetic acid, 
and from the cooled solution, the acid after some time separates completely in rhombic 
lamintE. It molts at 182®, gives off 1 mol. ITO at a higher temperature (about 200°), 
and solidifies on cooling to a yellowish, transparent, hard, brittle, resinous mass, 
identical with the resinous product, which yields dichloroxylepidinic acid when treated 
with potash. , 

Bydroxylepldin, When 1 part of octohedra' oxylepidm is boiled 

with 14 parts of acetic acid and a small quantity of zinc, the oxylopidin dissolves, and 
on pouring the solution, after a few minutes’ boiling, into water, a precipitate is 
obtained, which when washed, dried, and drenched with thirty parts of ether, dissolves 
partially, leaving a residue of hydroxylepidin amounting to about 15 per cent, of the 
oxylepidin employed, while the larger portion which passes into solution consists of 
Icpidin. Hydroxylepidin may also be prepared by mixing the solution of 1 part octo- 
hedral oxylepidin in 42 parts of boiling acotic acid with twice its volume of alcohol, 
adding small pieces of sodium-amalgam (Na*Hg) till the liquid on cooling no longer 
deposits a granular crystalline precipitate, pouring the solution into water, and treat- 
ing the prccipit at(i with ether as above. The quantity of hydroxylepidin thus obtained 
is about 18 per cent, of the oxylepidin employed. Needle-shaped oxylepidin heated 
in acetic acid solution with zinc does not yield any product sparingly soluble in ether, 
but appears to bo entirely reduced to Icpidin. On the other hand, by boiling 1 part 
of needle-shaped oxylepidin with 20 parts of alcohol; gradually awiding sodium- 
amalgam and acotic acid in such proportion as to keep the liquid constantly neutral; 
dcc;inting the solution after some time (1| hour per 10 grams of oxylepidin, after 
addition of 160 grams of- sodium-amalgam) from the crystalline deposit (which amounts 
to a third of the weight of the oxylopidin employed ); and crystallising this deposit 
from boiling acetic acid — hydroxylepidin is obtsiinod, agreeing in its properties 
with that above described. The alcoholic solution decanted from t^e crystals contains 
lepidin, 

Hydroxylepidin, after purification by washing with a little ether and crystallisa- 
tion from acetic acid, forms long flat delicate ne^les, nearly insoluble in cold alcoliol 
and ether. 112 parts of boiling acetic acid dissolve only l*part of hydroxylepidin, 
and 99 per cent, of that which is dissolved crystallises out on cooling. It melts 
at 261°. 

Hydfodichloroxy lepidiTiy C*®H®*G*0*, is produced by boiling dichloroxy- 
lepidin — either the needle-shaped or the sparingly soluble modification (p. 1173)* — 
with zinc and acetic acid, and pouring the resulting solution into water, whereby a 
curdy precipitate is obtained which is a mixture of dichlorolepidin, m. p. 166° (p. 1173), 
soluble in ether, and hydrochloroxylepidin, which is insoluble in ether, and may be 
purified by crystallisation from acotic acid or xylene. Thje yield amounts to about 

• Zinin’s statements on this point arc somowbat contradictory. In 1876 (JIT. Petersh. Acad. Pjtll, 
Xx. 547) ho stated that needh-shapt'd dichloroxylepidin tlLwolvcd in acetic acid docs not appear to be 
altered oven by prolonged boiling with zinc ; but in 1876 {ibid. xxi. 66) lie says this dichloroxylepidin 
Is converted by the same treatment into dichlorolepidin and hydrodichloroxylopidin. 
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lepidin; 


25 per cent, of the dichloroxylepidin employed. The same body is obtained by boiling 
sparingly soluble dichloroxylepidin with 40{)arts alcohol, and adding sodium-amalgam 
and acetic acid by small portions, till the granular deposit is converted into a mass 
of minute needles : the yield is about 30 per cent. Tho best mode of preparation bojr- 
ever is to boil 20 grams of needle-shaped dichloroxylepidin with 400 grams alcohol, 
ing sodium-amal^im and acetic acid in such proportions that the liquid may constafily 
remain acid. After two or throe hours— during which time 150 -200 grams amal^m 
will hai^c been added — tho liquid, while still hot, is decanted from tho deposit ; the 
latter, after washing on a filter, first with alcohol and then witli a little water, is 
boiled with 180 grams acetic acid ; and the solution is decanted hot, and again boiled 
with an equal quantity of acetic acid. The residue (8-9 grams) is nearly pure hydro- 
dichloroxylepidin. 

Hydrodichloroxylepidin is quite insoluble in alcohol and in other, but dissolves in 
205 parts boiling acetic acid, and separates therefrom in hat, rather long needles, 
melting at 261°. 

IIydrodibro7mxylepidin, C-^IP^Br-O*, is prepjircd, like its chlorine analogue, by the 
action of zinc and acetic acid on dibromoxylepidin (needle-shaped or sparingly soluble), 
the product being a mixture of dibroniolepidin soluble and hydrodibromoxylepidin in- 
soluble in ether. Tho latter is but very slightly soluble in alcohol as well as in ether, 
but dissolves in 172 parts of boiling acetic acid, and crystallises therefrom in 
needles. 

Dloxylepldln, is*known in two modifications, one formed from needle- 

shaped, the other from octohedral oxylepidin. 

(1) . Needle-shaped oxylepidin (25 grams) in fine powder js drenched with 20 grams 
acetic acid, a solution of 12 to 15 grams chromic acid in 150 grams glacial acetic acid 
is added, and tho whole is cautiously boated to 90°-95°, till the liquid exhibits a 
yellow but not a blue colour. Tho resulting solution on cooling deposits the dioxy- 
lopidin in large rhombic, nearly square plates, which may be purified by washing with 
alcohol an^ recrystallisation from alcohol. 

This dioxylepidinionolts at 157"^ and solidifies *co a resin, which again becomes 
crystalline at 150°. It dissolves in 24 parts of 95 per cent, alcohol at the boiling 
heat, the cooled solution retaining’only ^"^th part of it. It is nearly insoluble in cold 
crystallisable acetic acid, but dissolves in about its own weight of the same acid at 
the boiling heat. Chromic 'acid oxidises it to benzoic acid and benzile ; reducing 
agents have no effect upon it. Alcoholic potash, even when dilute, resolves it into 
dioxybonzoin and benzoic acid : 

C2SH2003 + 2KIIO = + 2C^H^KO'-', 

whence its rational formula is C'^H*®(C’IPO)'0 (Zinin, Zeitschrjf. Cheni. vii. 483). 

(2) . The other modification of dioxylepidin, is obtained by boiling 1 part 

octohedral oxylepidin with 6 parts acetic acid, adding crystals of chromic acid by 
small quantities, the action of each being allow'od to complete itself before a further 
portion is added, and pouring the liquid into water as soon as all tlie oxylepidin is 
dissolved, and no more crystals appear to form on cooling. By recrystallising tho 
product from alcohol, dioxylepidin is obtained in white, nacreous, striated, rhombic 
plates, melting at 164'\ The yield amounts to about a third of tho oxylepidin used, 
the remainder being oxidised to benzoic acid. 1 part of this dioxylepidin dissolves in 
10 parts boiling alcohol, and 4 parts boiling acetic acid. In ether it is less soluble 
than in alcohol. It is distinguishfd from the preceding modification by its melting 
point, and by its resistance to tlie action of alcoholic potash, which does not affect it, 
even when concentrated and at the boiling heat (Zinin, N. Pet&rsh. Hull. xx. 647). 

Xsolepldln, (Zinin, Bidh Soc. Chim. [2], xxvii. 456 ; Deut. Cke) 7 i. Ges, 

her. v. 1104 ; x. 80). This compound, isomeric with lepidin, is produced by the dry 
distillation of either of tho three oxylepidins above mentioned, and may bo purified by 
vwsiiing the distillate with a small quantity of ether, treating it with alcoholic 
potash, and recrysttillising from alcohol. It dissolves in 18 parts of boiling and 266 
parts of cold alcohol of 95 per cent., and crysftillises in four-sided plates, which do not 
lose weight at 130° and melt at 150°. It dissolves also in 2 pts. of boiling acetic 
acid. By distillation it is partly decomposed and converted into a resinous mass. 
Alcoholic potash does not affect it. By oxidising agents it is converted first into 
oxyisolepidin, and finally into benzophenone, with benzoic acid and a small quantity of 
benzile as secondary prodqpts. 

Blliydro-liolepldln, C*"H“0, is formed by the action of zinc-dust on a solution 
of isolepidin in 5 or 6 pts. of glacial acetic acid, and may be separated by pouring 
the green liquid portion of tho product into water, whereby a precipitate is formed, 
which is to bo washed, dried, and treated with ether (to remove a resinous colouring 
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iLattOP), and finally purified by cpystallisation from boiling alcohol. It is thus 
obtained in small rectangular prisms which melt at 182°, dissolve very slightly iii 
other, in 12 J pts. boiling acetic acid, and 95 parts alcohol of 95 per cent. It is very 

f * wly attacked by chromic acid and other oxidisers ; more easily by phosphorus pen- 
liloride than isolepidin. 

Tetrabydro-isolepldlii, is produced by the action of sodium-amalgam 

a boiling alcoholic solution of isolepidin (15 to 20 pts. Na'-'IIg to 1 pt. isolepidin), 
or more advantageously on dihydro-isolepidin. and is separated from the crude 
product by distilling off the greater part of the alcohol, and pouring the residue imme- 
diately into water, whereby a precipitate is obtained, soft and resinous at first, but 
hardening after washing and prolonged boiling with water. On dissolving this mass 
in ether, and leaving the ether to evaporate, the tetr.ihydro-isolepidin separates, at 
first as a soft resinous mass, which afterwards eoagulattJS in crystalline lumps. These 
melt as 132°, and resolidify to a translucent resin ; they dissolve readily in acetic 
acid and in alcohol, somewhat less easily in ether. By chromic acid in acetic acid 
solution, tetrahydro-isolepidin is reconverted, even at ordinary temperatures, into 
dihydro isolepidin. 

OzylBOlepldin or Xsoxylepidln, This compound, as already ob- 

served, is the first product of the action of oxidising agents on isolepidin. To prepare 
it, a solution of 3 pts. isolepidin in 40 pts. acetic acid is mixed with a solution of 3 
pts. chromic acid in 30 pts. acetic acid, and the ti^ts of needles which separate in 
the course of 24 hours are separated from the supernatant liquid and purified by 
crystallisation from boiling alcohol. In preparing this compound, it is not advisable 
to operate on more than 5 grams of isolepidin at a time, as when larger quantities are 
used, a rise of temperature takes place, which leads to tlie formation of a largo 
quantity of benzile as a bye-product. 

Oxyisolepidin thus prepared crystallises in short, thin, dull-white needles, melts at 
160°, dissolves in 40 pts. boiling and 600 pts. cold alcohol, in 4 pts. boiling acetic 
acid, freely also in boiling benzene, from which it crystallises in noduhy: “kroups of 
quadrangular plates. It is not iiltored by boiling alcoholic pol*ash. It appears to be 
dimorphous, for when an ethereal or alcoholic solution of the compound, which no 
longer yields needles on cooling, is left to evaporate, it deposits wedge-shaped crystals 
with quadrangular base, having the same composition as the needles. The same 
crystals may be obtained directly by boiling the ordinary needle-shaped crystals for 
some time with a quantity of alcohol not sufficient to dissolve them completely, or 
more easily from a solution of the needles in alcoholic potash. The wedge-shaped 
oxyisolepidin melts at 162°, and when heated above its melting point till a rapid 
cvolut,ion of gas-bubbles takes place, assumes an orange-brown colour, anti solidifies 
on cooling to a translucent resin, from which ether (10-15 pts. to 1 pt. of the resin) 
extracts a crystalline body ; and this latter, when purified \iy washing with other, and 
recrystallised from alcohol or glacial acetic acid, forms rhombic plates very slightly 
soluble in ether, dissolving in 13'5 pts. boiling acetic acid and 80 pts. boiling alcohol, 
and melting at 152°. This substance, which may also bo obtained by distilling the 
oxyisolepidin above described, aud exhausting the distillate with ether, appears from 
its com^sition and properties to bo an isomeric oxyisolepidin. 

Oxyisolepidin dissolved in acetic acid and treated with zinc is converted into the 
above-described dihydro-isolepidin. When oxidised by ckromio acid (2 pts. to 1 pt. 
oxyisolepidin) in acetic acid solution at the lioiling heat, it yields four bodies — namely, 
an oily substance in very small quantity, benzoic acid, benzile, and as chief 
product, benzophen one. The oily substance maybe removed, by subjecting the 
half-solidified mass to pressure, and the benzophonone may be separated by boiling 
the residue with a weak solution of potash in alcohol of 40 per cent., and precipitating 
with water. 

Oxylepldfnlc aold, is formed as a secondary product in the prepara- 

tion of isolepidin, and is found in the alcoholic potassic mother-liquor which remaias 
after the purification of that substance (p. 1176); it may be obtained in larger quantity 
by exhausting the crude distillation product of the oxylepidins with other, and boiling 
the rosin which remains on evaporating the ether witli alcoholic potash. The acid 
thereby dissolved may be separated by pouring the solution into water, heating the 
liquid to expel the alcohol, and precipitating with acetic acid ; and purified by dis- 
solving the crude product in aqueous potassium carbonate, precipitating fractionally 
with acetic acid, repeating those operation j if necessary, aijd recrystallising the last 
precipitated portions from acetic acid. Oxylepidinic acid dissolves in 2 pts. of boiling 
acetic acid, and melts at 166° (Zinin). 

UPXBXms, When sodium-amalgam is added to lepidine, the mixture 

becomes hot, acquires a reddish-brown colour, and finally solidifies. Water added to 
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this product separates a yellowish oil, which, when boiled with water and an acid, 
yields a deep reddish-brown solution, depositing as it cools crystals of a splendid 
scarlet colour. These crystals must bo dried in the dark, since they are altered in 
colour by light, as is also tho case with silk or wool dyed with this substance. Wheg 
nitric acid was u^d, the solution on cooling gave a crop of red crystals having m 
composition of C“H*®N“.HNO®. Chinoline behaves in. a simirar 

manner, the red substance yielding with hydrochloric acid, crystals of dkhinolme 
hydrochloride, (C. Greville Williams, Chem, News, xxxvii. 85). 

XiBPZDXUM. The volatile oil of^arden cress (L. sativum) has been shown by 
Hofmann to consist of a-toluonitril, C‘‘li\CH^.CN (see Cress Oils, viii. 584)* • 

XiBPZBOXiZTE. On the preparation of Lithium from this mineral, see Litsium. 

XiBSZiBTlTB. This name has been applied to certain micaceous iainerals, 
accompanying corundum in Chester Co., Pennsylvania, and in North Carolina, which 
have been regarded by some mineralogists as forming a distinct species, but according 
to Brush and Genth, are mixtures of corundum with damourito and diaspore, or with 
damourite alone (see /. Chem. 1869, 1219; 1873, 1153). ' 

XiBTTSOMZTB. This mineral, originally found, in small ^antities, in the 
Bannat, has lately been obtained from the Garonne mine, D^partement du Var, where 
it occurs in radiate groups of capillary crystals forming thin coatings on slabs of 
sandstone. The following analysis by Pisani (CompU rend. Ixxvi. 1418) agrees closely 
with that by Percy of lettsomiti^from the Bannat : 

SO» CuO CaO iLl*0* Fe*0* EPO 

1210 49-00 2-97 11*21 1-41 22-50 - 99-19 

Pisani considers lettsomite as a distinct species, both on account of its fibrous structure} 
and of the close resemblance in composition shown by specimens collected from two 
localities so widely separated as those above mentioned. 

XiBllGAWZZiXlffB, (iii. 674; vii. 733). A base supposed to be 

identical \Wth loucaniline is formed, with evolution ef ammonia, by heating rosaniline 
or its acetate to abouS 192° with excess of dimcthylaniline. Tho product freed from 
dimethylanilino by distillation an^ treatment with steam, is a brownish resinous mass, 
from the solution of wliich in hydrochloric acid, the greater part of tho impurities 
present may bo thrown down by addition of common salt. By separating the base 
with an alkali, and repeating this treatment several times, it is obtained pure, and 
then melts at 86° (Nietzki, Arch. Pharm, [3], v. 41). According to Hofmann, leuc- 
aniline melts at 109°. Dale a. Schorlemmer {Lent. Chem. Ges. Ber. x. 1016, 1123) 
obtain leucaniline by heating aurin with alcoholic ammonia at 160° for several days, 
or with aqueous ammonia to 120° for twenty hours, E. and 0. Fischer (^Ber.x\. 
1079), by oxidising a solution of trinitrophenylmothane in glacial acetic acid with 
chromic acid, obtained a white crystalline trinitrocarbinol, C‘®H‘’‘*(NO®)®On, melting 
at 171®-172°, which, when treated with zinc dust, yielded paranitrorosaniline and 
finally leucaniline. 

JDiazoleucaniline Chloride, C“H'*N®C1*, prepared in the ordinary wijrrW*. 
light yellow glutinous mass, which unites with auric chloride, forming &e douhla 
salt C“H‘*N®C1* + 3AuCl*. The chloride dissolves in water, forming a greenish-blue 
solution, which decomposes when boiled, depositing a dingy brown precipitate only 
partially soluble in potash. 

The hydrocarbon, corresponding with this diazo-compound, is not easily 

prepared from the latter when once it has been separated and thereby rendered sparingly 
soluble in alcohol*; but it may be obtained by the following method ; 300 grams of 
leucaniline are dissolved in 1500 g. strong sulphuric acid ; the solution, m portions of 
40 g. each, is treated with nitrous acid, and after the excess of the latter has been ex- 
pelled by a strong current of air, each of these portions is slowly added to 250 g. boiling 
alcohol. The several portions of liquid are then united ; the whole is neutralised with 
sulphuric acid ; evaporated to one-fourth of its bulk ; then largely diluted with water; 
and the oil thereby separated is extracted with ether. After the evaporation of the ether, 
there remains a dark brown oily residue which may bo freed by soda-ley from sulpho- 
acids and phenolic bodies. On again exhausting with other and distilling, the greater 
part of the liquid (85 g.) passes over above the range of the mercurial thermometer, 
while a small carbonaceous residue remains in the retort. The liquid thus obtained, 
having been completely dehydrated with sodium and again rectified, yields 55 g. of a 
light yellow heavy oil which has a faint bluish fluorescence, and thickens in a freezing 
mixture without solidifying, but separates in the crystalline state after a few days 
from^ a hot saturated solution in methyl alcohol ; the concentrated mother-liquors 
solidify partially after several months. By repeatedly crystallising tj^is product from 
methyl alcohol, tho hydrocarbon, is obtained in sphoricaJL groups of colourless 
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prisms, melting at fi8°, and boiling without decomposition at a temperature above 
360°. It dissolves easily in ether, benzene, and li^oin, sparingly in cold alcohol, and 
shows but little tendency to crystallise. Treated in acetic acid solution with fuming 
nitric acid, and with bromine, it yields solid nitro- and bromo-derivatives which crys- 
.tallise with difficulty. By oxidation with chromic acid.it is con,verteil into a ketone, 
which crystallises from hot ligroi'n in nodular groups of colourless lamime, 
fcoftons at 143°, melts at 148°- 149°, and appears to bo completely decomposed by 
further oxidation (E. and 0. Eischer, Ber, ix. 891). 

UVqAU&ZSr, See vol. vii. p. 119. 

.^bSVCSnr. See Fboteids. 

, SiairOBTENBfiROZTS. This mineral, from Slatoust in the Ural, regarded" 
mineralggists as a distinct species, by others as a variety of pennine or 
cliao<dilore (i. 914; iii. 575 ; vi. 782), has been further examined by Duke Nicholas 
v6^ l^Ouchtenborg {N. Petcrsb. Acad, Bull, ix. 188; xxi. 509). The specimen 
an^ysed, and regarded as normal, was obtained from the Chichime mountains. It 
fomis large hexagonal plates, easily split at right angles to the optic axis. ^ The 
laminm thereby separated are translucent, with a fatty to nacreous lustre, white or 
faint ^eehish colour, and difficultly friable like talc ; in polarised light they exhibit 
t^ appiKirance of uniaxial crystals. Hardness 2‘5. Sp. gr. 2*61-2*64. Analysis 
gave the following composition, agreeing with Descloizeaux* formula for clinochlore, 
6SiO*.2Al*0».9MgO + 7n^O : « 

SIO* Fo’0> CaO MgO APO» H»0 

30*46 2*22 0*11 34*52 19*74 12*74 99*79 

Leuchtenbergite must accordingly be regarded as a distinct mineral species belonging 
to the chlorite family. 

Microscopical examination of fresh and decomposed material showed the following 
enclosed minerals : garnets, cubic and prismatic forms, which were regarded as 
perowskite, and lastly needles, the species of which could not be dct,^nnined. By 
weathering, the colour of the Viiinoral is chan^d to yellowish and afterwards to dark; 
green ; the facility of cleavage is diminished ; and in certain stages of the alteration, 
the mass appears interspersed with granules, some of M^iich exhibit the optical 
characters of quartz. 

XiSVCZC A.CZB, and XiBVCimTIllXi, C®lPiNO. Erlenmeyor a. 

Sigel {Deut. Chem. Ges, Ber, vii. 1109), by combining hydrogen cyanide with valer- 
aldehydc, from fermentation amyl-alcohol, have obtained the true leucinitril, 

(CH*)‘CH.CH'‘*.CH(OH).ON, differing essentially from the body to w’hich that name 
has hitherto been attached (vi. 782 ; vii. 734), inasmuch as it is completely resolved 
by fuming hydrochloric acid into sal-ammoniac and loiicic or oxycaproic acid : 

.(CH»)*CH.CIP.CH(OII),CN + IICl + 2H'-'0 = NlUCl + (CH*)2CH.CmCH(On).COOTr. 

'Leucinitril is a colourless oil of agreeable odour, lighter than water, not quite 
/^iBK^uhle therein, soluble in all proportions of ether and alcohol. It does not alter at 
jl00°, but is resolved at higher temperatures into valeraldehyde and hydrogen cyanide. 

Xeucic acid, obtained as above, may bo separated from the sal-ammoniac solution 
by ether, and remains, on evaporating the ether, as a syrup which gradually solidifies 
to largo transparent crystalline laminae. It is very soluble in water, alcohol, and 
ether. 

N. Ley {Ber. x. 231) has also prepared from* valeraldehyde, by means of hydro- 
cyanic and hydrochloric acids, an acid which agrees in most respsets wit h leucic acid, 
but melts at 64°-55'’, whereas leucic acid, according to Waage (iii. 576), melts at 
78°. Ley’s acid is oxidised by chromic acid mixture to carbon dioxide, an acid having 
the conijposition and valeral. 

PtUref action of Leudo Add . — A mixture of 10 grams calcium loucate, 10 calcium 
carbonate and 50 putrid fibrin in 12 litres of water was found to yield, as gaseous 
products, CO^ CH"*, and H, and as liquid products, cjiproic, butyric, and acetic acids 
(J. Stolnikoff, Zeitsekr, physiol, Chem. i. 345), 

l»mcm or AMZpoCBPBOZC ACZB, C"1I‘^N0^ = U'II>“(NH‘‘*)^CO*H. 
Occurrence in Plants.— The imee of vetches grown in moist garden-soil and germinated 
in the dark — perfectly fresh and freed from albuminoids by Ixiiling and partly also by 
dialysis — has been found to contain, together with asparagine, a not inconsi^lerable 
qujintity of leucine, both these bodies being doubtless produced by transformation of 
proteids stored up in the seed. When the mother-liquor decanted from the asparagine 
was somewhat further concentrated, crystalline crusts separated, after a short time, 
on its surfiice, appearing under tlie microscope as groups of well-defined spherules, 
and exhibiting all the reactions of leucine (Gorup-Besanez, ifer. vii. 146; see 
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also Cossa, Gazz. ckim. Hal, 1875, 314). The" basic substance called chenopodifie, 
which Keinsch obtained from Chcnapodium atbuin (vii. 429), is regarded by Gorup- 
Besanez ns identical with leucine. 

Leucine has also boon found in small quantities, together with tyrosine and 
glutamic acid, in young pumpkin-plants (Schulze a. Barbieri, Her. xi. 1233). 

On the occurrence of leucine in the aqueous extract of yeast, see Fbrmknts(p. 783), 

Formation. — a. Together with tyrosine, asparagine, glutamic acid, and ammonia^ 
by the action of stannous chloride on albumin animal or vegetable, casein, and le- 
gumin dissolved in hydrochloric acid (Hlasiwetz a. Ilabermann), see Protkids. 
/3. Together with ammonia, glycocine, tyrosine, a yellowish body gelatin pfjptonCt 
^ and a very small quantity of indole, by the pancreatic digestion of gelatin (Nencki, 
Ber, \di. 1593). Jeannerot {J, pr. Chnn. [2], xv. 353), by subjecting gelatin for 
eleven days to the action of the organised ferments of the pancreas. In a vessel from 
which the air was excluded, obtainetl leucine, but when the air had access to the 
vessel, no formation of leucine was observed. 

Density , — According to Engel a. \’ilmain {Bull. Soc. Chim. [2], xxiv. 279), the 
specific gravity of leucine is 1*293 at 18°. 

Oxidation , — Leucine is converted by oxidation into carbamic acid, which 
indeed appears to be invariably produced by the oxidation of nitrogenous carbon- 
compounds in alkaline solution, or generally when carbon dioxide and ammonia come 
together in the nascent state (Drcchsel, J, pr. Chem. [2], xii. 417)* See also 
Carbamic acid (p. 382). 

Beaction with Urea . — When leucine and urea are fused together, a compound is 
formed which cr^’stallisos in needles and appears to consist of uraxiido-caproic 
acid (Huppert a. Ilofmeister, Ber. vi. 1278). 

Beaction with Benzoyl Chloride .- thoroughly dried leucine is heated to 
100° with benzoyl chloride, the mixture fuses and turns yellow, while benzoic acid 
separates on tlio surface in long needles, the reaction being terminated as soon as the 
evolution di'^iydrochloric acid ceases. On treating the mass with tepid water to 
• remove the benzoic acid,* a yellow substance; is left parfty soluble in hot alcohol, and 
the portion insoluble in that liquid consists ofamidocaproic anhydride, 

C‘*ira**’03 C«H«NO.O.C®H’2NO, 
its formation being represented by the equation 

2C«Il>®NO* + CaPOOl - CTPO.OH -i- HCl + 

Amidocaproic anhydride i.s a w'hitc amorphous body, which becomes gelatinous 
when repeatedly washed w'ith boiling alcohol, and is not easily reconverted into leucine 
even by prolonged boiling with water. The portion soluble in alcohol consists of 
dihcnzoyl-amidocaproic anhydride^ (C'*Jl"N0,C’H^0)-0. It is yellow and amorphous, 
soluble in alcohol, insoluble in water, melts at 85°, is resolved by boiling with water 
into benzoic acid and amidocaproic anhydride, and decomposes when heated on 
platinum foil, giving off benzoic acid (A. DesLrom, Compt, rend. Ixxxvi. 484). 

XfiVCZWZTllXZi, see p. 1178. 

KZiUCZTZS. This mineral, hitherto known only as of European occurrence, has 
been found by Vogelsang -together with augitef plagiocla.se, sanidin, and small 
quantities of magnesia-mica and apatite — as a constituent of the basalt of Guniing 
Bantal Soesoem, on tho small island of Bawean, near the north coast of Java (F. 
Zinkel, Ma. 1875, 227). Actording to F. A. Anger {Min. Mitth, 1875, 153) 

Icucito is tho chief constituent of the trass of Lake Lafich and of the Kies. 

Crystalline Form . — Vom Bath inferred, from tho measurement of tho angles of 
leucite, and from the striation of its faces, which indicates twin-formation, that it 
belongs, not to tho regular system, as generally supposed, but to the quadratic system 
(vii. 767). Scacchi, on tho other hand {7jeitschr. geol. Gcs. xxiv. 503), regards 
the mineral as belonging to the regular system, and attributes tho difference in tho 
angular measurement to errors of observation. Hirschwald also {Min. Mitth. 1875, 
227) regards leucite ‘as a regular crystal-spccics with polysymmctrie development in 
the direction of tho quadratic system.’ Vom Bath {Pogg. Jnn. Erganzbd, vi. 198) 
defends his conclusions respecting the quadratic form of* leucite, and controverts tho 
difference supposed by Scacchi to exist between implanted and imbedded leucite. He 
also demonstrates the quadratic form of the sublimed lencites occurring, as first 
observed by Scacchi, in small cavities, and formed by tho disintegration of old leucites. 
Tho analysis of these sublimed crystals gave 

56 5 per cent. SiO'-*, 25*3 APO*, 16*2 K^O, and 2*8 Na®0. 

U. Baumhaucr {Zeiischr. Kryat. i. 257) confirms the views of vom Rath, particularly 
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with regard to the twin-formation of leucite. That the ordinary form of lencite is not 
a simple form, but a combination, is shown by the behariour of the crystals to etching 
liquids, by which the ditetragonal pyramid-facos are more strongly attacked than the 
tetragonal faces. The optical characters of loucite also show that its form is not 
monometric. Tschermak {Berl. Acad. Jier. 1876, 695) examined a hiucito free from 
fctwin-lamination, found in the lava of Acquacetosa near Komc, and found it to bo 
^negatively double-refracting. This leucite, analysed by Uorwerth, gave 60’18 per 
cent. SiO«, 23 65 Al^O», 0*83 CaO, 19*40 K=«0, and 0*32 Na«0 ( = 99*38), with traces 
of iron and magnesium. 

XiBUCOOAUOK, or A compound formed by the 

action of chlorine at low temperatures on pyrogallol in presence of acetic acid (see, 
Pyuooallol). 

ZiBVCOXiZVZC ACZB, C“H»NO» (J. Dewar, Proc. Roy. Soc. xxvi. 65). This 
acid is formed by oxidising leucolino sulphate (43 parts dissolved in 200 water) with 
potassium permanganate (100 in 1000 water). It crystallises in colourless lamellae or 
needles melting at 162® ; is somewhat volatile in a stream of hydrogen at 110®, also 
in a stream of aqueous vajwur, to which it imparts a peculiar aromatic odour ; is 
slightly soluble in cold, more soluble in warm water *, crystallises from alcohol and 
ether with a faint coloration due to slight oxidation. Its salts, excepting the plumbic, 
ferric, and mercurous salts, are easily soluble ; the silver salt forms slender needle- 
shaped crystals. The aci(l heated above its molting point sufiers partial decomposi- 
tion, and yields a sublimate, probably consisting **01 the anhydride. Heated to low 
redness with soda-lime, it yields aniline, together with ammonia and a small quantity 
of picoline; ‘when potash-lime is used, the aniline obtained is almost free from 
picolino. Potamum leucanilate, heated by itself yields aniline, water, potassium 
carbonate, free carbon dioxide, and carbon : 

2C®n«KNO* = 2C'»H»N -f H*0 + K'W® + CO* + 40. 

By fusion with excess of potash, the acid is resolved into ctirbon dioxide, ammonia, 
hydrogen, and salicylic acid, tjio last being probably formed from aixthranilic acid 
produced in the first instance : » * 

C»H«NO* + 311*0 - C’H’NO* + 2CO* + 4H*. 

The acid, heated with glycerin to the boiling point of the latter, likewise yields 
aniline, together with small quantities of a substance having the properties of indole. 

BSUCOPHAirzs and MZiX.Z»roPBA»rE. Bammclsborg (Perl Acad. Her. 
1876, 23) has analysed leucophane (Nos. 1-4) and melinophario (Nos. 6-10), and 
refers them to the following formulae : 

6NaF+ I (No. 5) 6NaF+ j (No. 11) 

Loucophano. Melinopbanc, 

If we suppose 2Na = K", P=0, and therefore 6NaF = 3R"0, wo shall have for these 
minerals the formulae, 

lisucophano, R*Si’0“ = 

Mclinoplvme, R'=Si'0“ = 

the analogy of which is perhaps more than accidental. 



F 

SiO’ 

BeO . 

CaO 

Na'O 


1 (found) 

6*57 

47*03 

11*73 

23*61 

11*26 

0*30 

2 „ 

6*63 

undet. 

12*26 

23*62 

• 10*27 

0*30 

3 „ 

6*97 

47*07 

11*26 

22*92 

T 

undetermined 


6*91 

49*70 

12*40 

23*68 

undetermined 

5 (calc.) 

6*69 

49-35 

11*16 

24*68 

10*93 

6 (found) 

5*73 

43*66 

13*31 

26*82 

8*65 1*40 

' , f 

7 „ 

5*13 

41*40 

13*81 

20*05 

undetermined 

8 

6*39 

44*32 

-j 

13*84 

29*93 

undetermined 

9 M 

undetermined 

1404 

30*10 

7*21 

0*^ 

10 „ 

undet. 

42*60 

, 13*62 

30*56 

undet. 

undet. 

11 (calc.) 

6*83 

42*95 

13*60 

30*07 

8*66 

1*44 


ZiBirCOBOSOZiZC ACZD. See Kosolic Acid. 


KSVUZiZNZC ACZB, CHPO* (Grote a. Tollens, Deut. Chem. Ges. Ber. vi. 1390 ; 
vii. 1375; x. 1440; lAchig^s Annalen, clxxv. 181; F. Bcnte, .Bcr. viii. 416). This 
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acid is formed by boiling cane-sugar with sulphuric acid, the cane-sugar being first 
resolved into dextrose and levuloso, the latter of which appears to bo the chief source 
of thelevulinic acid, inasmuch as when the acid produced as above described is neutral- 
ised with chalk and the resulting calcium salt is crystallised out, a mother-liquor is 
obtained containing^ dextrose, whereas the levulose disappears entirely. A smal^ 
quantity of levulinic acid is however obtained by treating dextrose alone with surf 
phuric acid. V 

The method originally given by Groto a. Tollons for the preparation of levulinic 
acid was somewhat complex, hut in their latest communication (Ber. x. 1440) the 
following simpler method is described. A mixture of 1000 grams of sugar-ciindy, 
1000 grams of water, and 1000 grains of ordinary sulpliuric acid, is heated in a salt 
bath for four days ; the resulting liquid is agitated ten or twelve times with ether ; the 
ether is distilled off, and the residue is heated on the water-bath, and afterwards dis- 
tilled. Formic acid then passes over first, and afterwards between 218° and 225° 
levulinic acid, which solidifies after repeated distillation, its boiling point then rising 
to 235°-255°. The formation of levulinic and formic acids from cane-sugar is repre- 
sented by the equation — 

C12H-20” + U‘0 - C«H‘20« + 
and + 11=0. 

Filter paper and deal shavings boiled with sulphuric acid also yield levulinic acid, but 
in small quantity only ; Caraghcen moss yields about as much as cane-sugar (Bente). 

Pure levulinic acid molts at 33'5°. It is optically inactive, dissolves in water in 
all proportions, is not perceptibly acted upon by bromine. Heated for three days in a 
salt bath with 20 times its weight of 5 per cent, sulphuric acid it turns yellow, but 
deposits only a few flocks. 

Calcium levulinate, (C*H=0=)=Ca.2H=0, obtained by neutralising the acid with cal- 
cium carbonate, ciystalliscs in silky needles often a centimeter long, dissolves very 
freely in water, and forms syrupy solutions which deposit crystals but slowly. It 
melts at 100**, giving off the greater part of its water . of crystallisation, the rest of 
tvhich is expelled at 130'^-! 40°. A sale with 1 mol. H=() was likewise obbiiued, but 
Groto a. Tollens are not sure that it was pure. The islnc salt, (C'’lJ,’0=)=Zn, also pre- 
pared by neutralisation, crystallises in silvery needles or laminie, the latter of which 
appear under the microscope to be made up of needles. It dissolves easily in water 
and in alcohol, especially when warm, is slightly soluble in absolute alcohol, and forms 
syrupy solutions. The silver salt^ C^JPO’Ag, formed by precipitation, crystallises 
from a boiling solution in well-defined, elongated, six-sided plat(;s, whoso two acuter 
angles measure on the average 99° 6', and the four obtuser angles 131° 30'. It dis- 
aoives at 17° in about 150 parts of water. potassium salty prepared from the silver 
salt by double decomposition with potassium carbonate, solidifies over sulphuric acid 
to nodular groups of microscopic needles. The amimnmm salt forms small needles ; 
the barium salt “wa-s obtained only in the form of an imcrystallisablo gummy mass. 

Grote a. Tollens have also examined the so-callcd glue at os, which Mulder pre- 
pared by the action of lime or baryta on glucose (ii. 488), and coiieliulcss that his acid 
calcium glucate is identical with the levulimate. His neutral glucatcs they regard as 
formed by the action of the lime or baryta on sugar contained in the mother-liquor of 
the crystallised calcium levulinate. * 

For the constitution of levulinic acid, Grote a. Tollons regard tw’o views as 
possible : either that this acid contains a hydroxyl-group, in which case it may bo 
represented by a ring-formula similar to that proposetl l)y Limpricht for pyromucic 
acid (vi. 979) ; or (2) that one of its oxygen-atoms may bo situated as in acetone 
or in ethylene oxide, in which case it must be regardo<l as a hornologuc of pyro- 
racemic acid, CH=.CO.COOH. This latter view of its constitution is adopted by 
Conrad (Liebig's Annalcn, clxxxviii. 223), who regards it as identical with jS-acetopro- 
pionic acid, CH®.CO.CH*.CH=.COOn, formed by the action of baryta-water on ethylic 
acetosucciuate (see Peopionic acid). The close resemblance of these two acids in 
neiirly all their properties has been further demonstrated by the recent experiments of 
Grote a. Tollens (Ber, x. 1440), thus : 

Levulinic acid /3-Acetopropionic acid 


m. p. 

32-5-33-6 

■ 31® 

b. p. 

236°-265° 

239® 


Ethylic Etlv^rs 


h. p. 

200°-20l° 

203®-206° 


The silver salts of both acids are slightly soluble ; their other salts easily soluble. 
The only point of difference observed is in the calcium salts, the levulinate crystal- 
lising with 2 mol. water, whereas the )3-acetopropionato is anhydrous. 

UVmoSB. See SuoAns. 
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USAWITB. See Beshts, Eossil. 

UCKSBlNf This carbohydrate, and a substance turned blue by 

iodine, existing together with it in Ceiraria ulandica (iii. 686), have been further 
examined by Th. Berg {Russ, Zdtsch, Pkarm, 1873, 129, 161). The lichen is 
Vepeatedly boiled with fresh portions of water till the extract is jio longer rendered 
lirbid by alcohol. The strained extracts wlien left at rest for twenty-four hours, 
deposit the liclicnin as a j<;lly, whicli is freed from a bitter principle and the sub- 
stance which gives the blue colour with iodine, by filtration through linen, and washed 
with water till the blue reaction with iodine, is no longer visible. The jelly remaining 
on the filter is llion dissolviid in hydrochloric acid, precipitated wdth alcohol, pressed, 
and slowly dried ; the filtrate is concentrated to a small bulk and precipitated with 
alcohol; and the precipitate of the substance turned blue by iodine, which soon 
becomes glutinous, is thoroughly \v.i.slied with alcohol and then dried. Both the 
liclionin and the siihstanco turned l.iluo by iotliue have the composition 
Licbeniu does not yield sugar either when boiled with water or when treated with 
malt-cxtraet, saliva, pancreas extract, or gastric juice, but it is converted into sugar 
by boiling with sulphuric or liydrochloric acid. The substance turned blue by iodine 
’ yields a little sugar when lioilod for a long time with water, and is easily and com- 
pletely converted into sugar by treatment with an acid. iHclicnin, immersed in glacial 
acetic acid, swells up without di.ssolving, and on h(*ating the liquid to 100*^, a jelly is 
formed, having the composition C‘TE(C“1P<.))^0\ The substance turned blue by iodine 
is not altered by glacial acetic acid. Neither thiai latter substance nor licheiiiii is 
turned blue by tr(?atinent with sulphuric acid and iodine together ; both dissolve in 
zinc chloride ; Scliweizer's reagent dis.solves only ilio licheiiin. Alcoholic potash at 
the Vjoiling heat act.s somewhat strongly on lichenin, v(*ry slightly on the substance 
turned blue by iodine. Lichenin forms compounds with potash and soda ; the sub- 
stance turned blue by iodine does not. No method has yet been found of cenverting 
either of these substances into the other. 

XiZCHirOXAN'TlZXXir. 8co Plant.s, Colouuino Matters of. 

XiIBVRZTB. Amilyses of this mineral from Klha by §itadeler (*/. pr. Ckc7n, 
xeix. 70), and by 8ipdcz {LkhUfs Annalen^ clxxviii. 106), lead to the conclusion that 
the water, formerly r<‘garde<l as accidental (iii. 5^9), is an essential constituent, and 
that the mineral may be ropvesonted by the formula 6 l{0.Fe-0®.4Si0“ H’-'O, in which 
K = §Fo + ^Ca. Analysis (1) by Stadeler, of black, sliining, crystalline masses ; sp. gr. 
4*023 ; (2) by Sipdez, mean of tour, made on carefully selected material; sp.'gr. 4*037 : 

Si0* Fc^O’* F<!0 MiiO CaO H»0 

29*20 20*74 35*15 - 12*90 2*36 « 100*35 

29*67 21*26 33*09 0*74 13*33 2*32 « 100*41 

Rammelsbcrg, on the other hand {Zcitschr. geol. Ges. xxii. 897), regards the water 
(1*65 per cent, according to nine experiments) as the result of weathering, and repre- 
sents the anhydrous mineral by the formula or 12B0.2Eo'^0®.9SiO-, in 

which R = §Ko+ J(Oa,Mn). 

An analysis by W. Early of lievrito from Elba, in which especial attention was 
given to the determination of the two oxides of iron, is published by J. Emerson 
Reynolds {Phil, Mag, [6], iii. 287) : 

PiO* A1’0> I'VO» FeO MrO CaO MgO K“0 Na*0 H*0 
29*93 0*36 20*16 31*83 3*02 13*71 0*30 0*20 0*29 0*42 100*22 

-Regarding the water as unessential, Reynolds represents the analytical numbers by 
tlie formula 6R0.1PO®.4SiO^ in which 6R0 = 4(Ee,Mn)0 + 2CaO. 

On the relations of form and composition of Lievrito and Humite, see Websky 
{Ikrl. Acad. Jier. 1876, 201 ; Jahrb.f. Min. 1876, 660 ; Jahresb. f. Chem. 1876, 1252 ; 
Chem, Soo. Jour, xxxii. 117). 

ZiXCBT. 1. Befuaction and Dispeksion. 

A. Of Gases. Mascart rewfi?. Ixxviii. 617 ; Pogg. Ann, cliii. 149) has 

w'orked out the following relations between the refractive power and density of gases, 
in which, instead of the refractive index the excess of refraction » — 1 is taken into 
account. This function, if the laws of Boyle and Gay-Lussac were strictly true, 
should bo proportional to the pressure p. Instead of this, Mascart finds from his 
experiments that 

w — 1 « a(l + bp), 

where a and b are constants. Accortling to Roguault’s tables, the density of a gas is 
very nearly represented by the formula 

i = «'(i + yp'), 

P 
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80 that, if the index of refraction wore directly proportional to the pressure, h would 
be equal to b\ which, however, as shown by the following table, is true only as a very 
rough approximation. Between constant pressures, but at varying temperatures, 
the excess of refraction, w—1, slioubl bo inversely proportional to the factor 1 + a^ 
instead of which a variable factor /3 was found for the several gases. I’ho last colunyl 
of the table shoves the absolute values of 1000 times the excess of refraction (»— f ) 
for the sodium-line at the temperature 0° and pressure 700 mm. : V 


Gases 

Compressibility 

Jicfrautioii 

Influence of 
TeiniJcra- 
turu 

lOOO(Wo-l) 

t 

b 

t 

b 

• 

Hydrogen . 

10° 

-0*00057 

22° 

-0*00087 

0*00381 

0*1388 

Air .... 

5 

•h 0*00107 

22 

+ 0*00072 

0*00383 

0*2923 

Nitrogen 

5 

0*00068 

21 

0*00085 

0*00382 

0*2972 

„ Monoxide 

9*3 

0*00754 

13*5 

0*0088 

0*00388 

0*5084 

„ Dioxide . 

— 

0*00225 

12 

0*00070 

0*00367 

0*2967 

Carbon Monoxide . 

— 

000435 

— 

0*00089 

0*00367 

0*3336 

„ Dioxide . 

3 

,, 0*00901 

17 

0*0072 

0*00106 

0*4494 

Sulphur „ 

7-7 

0*0322 

13 

0()25 

0*00471 

0*6820 

Cyanogen . 

— 

0*0322 

25 

0*027 

• 

0*8202 


By the same method Mascart has determined the dispersion of several gases. 
From Cauchy’s dispersion formula, according to which the index of refraction is 

^ S)’. 

A being the wave-length, the constant B was found to have the following values : 


for Atmospheric Air 0‘0068 

Nitrogen 0'0069 

Hydrogen 0*0044 

Nitrogen Monoxide 0*0127 

Carbon 0*0075 

„ Dioxide 00052 

Cyanogen 0*0100 


Nitrogen monoxide and cyanogen disperse more strongly than water ; the dispersive 
power of atmospheric air is about J of that of water, and its value above given agrees 
almost exactly with that previously found by Kettoler ( Ueber die Farbenstreuung der 
GasCj Bonn, I860). 

The following formula for calculating the refractive indices of a t m 0 s p h e r i c a i r .at 
different temperatures has been deduced by V. v. Lang (Vogg. Ann. cliii. 448) from 
very careful experiments *. ^ 

» = 0*000000905 t -1- 0*00000000235 

having, according to the obsenvaiions of Biot and Ar.ago, the value 1*0002945. 
These coefficients d^iffer considerably from those of Mascart. 

B. Of Liquids. — The influence of Compression on the Refractive Power of Water 
has been studied by Mfiscart {Compt. rend. Ixxviii. 801 ; Pogg. A 7 m. cliii. 154). 
Assuming Grassi’s coefficient of tlio compression of water to be correct, it follows from 
Mascart’s experiments that the old law,— deduced from the cmission-theoiy of light — 

affirming that the specific refractive power of bodies, is constant for all varia- 

d 


tions of density, is utterly wrong, and that the magnitude 


w — 1 


, to which tlio name 


specific refractive energy is given by Dale a. Gladstone (iii. 625) approximates to a 
constant value, but not closely enough to bo made the foundation of a law. 

The method of observation adopted repdered it possible to measure by optical 
means the fall of temperature produced by sudden decrease of pressure. On the basis 
of Dale a. Gladstone’s values for the decrease of tlie refractive index of water with 
rise of temperature (iii. 616), the rise consequent on an increase of pressure of 1 at. 
was found to be equal to 0*00110, a value agreeing almost exactly with that deduced 
from the mechanical theory of heat. 
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Comjidimd Ethers. — Tho refractive indices of isomeric compound ethers (from fer- 
mentation alcohols) have been determined by Pierro a. Puchot {Compt. rend. Ixxvi. 
1566). The ethers of each pair wore compared together at the same temperature, a, of 
the surrounding medium, and tho data thus obtained afforded the moans of calculating 
th\rcfraetiv6 index which the second ether in the pair would exhibi^ at a distance 
froX its boiling point equal to that at which the determination was made for the first. 
As «e differences of boiling point A never exceeded 1®, the alteration of the boiling 
poiift could, for this calculation, bo regarded as proportional to the alteration of 
density. Pour comparisons at temperatures a from 15°-16® yielded the following 
results, ill which < denotes the temperature of tho liquid, its density at 0®, dt that 
at tho boiling point, la the refractive index at the temperature a, and that at 
the temperature a— A. 

» 

t rfo dt la la~A 

135*0 0*887 0-745 1*3972 1*3972 

135*7 0*893 0*743 1*3981 1*3989 

135*5 0*886 0*744 1*3981 1*3981 

135*7 0*893 0*743 1*3981 1*3983 

135*0 0*887 0*f45 1*3972 1*3972 

135*5 0*886 0*744 1*3981 1*3973 

116*5 0*905 0*778 1*3901 1*3901 

117*5 0*901 0*774 1*3937 1*3921 

O. Of Solids. — A new refractometer for measuring the refractive indices o{ glass 
plates and lenses by means of Newton’s rings, is described by G. W. Koystoi^tigott 
(Proc. Hoy. Soc. xxiv. 393). Pour kinds of glass gave tho following values for mean 
rays : 

Clour white Plirit-glass . . . . . . . 1*537 

Yellow and heavy Flint-glass 1*6626 

Ycdlowish and very heavy Flint-glass 1*723 

Strong yellow, heaviest of all 1*7555 

Tho refractive index of collodion films (0*0081 to 0*088 ram. thick on glass 
plates) was found by E. Gripon {Compi, rend. Ixxx. 882) to be 1*5108 ; polarising 
angle 56° 25'. 

P. Kohlrausch (Zeitschr. Kryst. i. 100) has determined tho following refractive 
indices by the method of total reflection (iii. 614) : 

Glass prism (at 23°) ; Obsidian (at 23°) . 

first face .... 1*5291 Agate „ . . . 

second face. . . . 1*5288 Amber (at 21°) 

by transmission . . . 1*5292 Sodium Chlorate (at 22°) 

Fluor spar : Potash-alum, native (at 1 6°) . 

ernde, grey (at 23°) . . 1*4324 Chrome-alum „ (at 22°) . 

black (at 19°) . . . 1*4342 

liefractive Power of Bodies which exhibit Anomalous* Dispersion 
(vii. 742).- -A. Kundt {Pogg. Ann. cxlv. 67, 164) has determined tho refractive 
indices of the four following anomalously dispersive liquids: (1). Cyan in, 1*22 
per cent, dissolved in alcohol of sp.gr. 0*822 at 16°. (2). Cyanin, concentrated 

solution in the same solvent. (3). Puchsiiie, not quite saturated solution in the 
same solvent. (4). Potassium permanganate solution not quite saturated, 
The first column of tho following table indicates the spectral linos ; e.lU and e.Gr 
signify tho extreme blue and extreme green that could bo observed on both sides of 
tho absorption-band ; in fuchsine, e.Bl has nearly the position of tlic lino P. Aa and 
Aw denote the difforeiices of the refractive indices as observed in the two solvents, 
alcohol (a) and water (w). 

The values for fuchsine, which exhibits the greatest anomaly of dispersion, are 
somewhat different from those determined by Christiansen (vii. 742), partly perhaps 
in consequence of the different degrees of purity of the substances employed, and 
partly of tho inaccuracy of Christiansen’s determination of the index rzn, as ac- 
knowledged by himself (Pogg. Ann. cxlvi. 164). 

VoL. YITI. 4 II 


1*4953 

1*540 

1*522 

1*5145 

1*5461 

1*481 


Propyl Butyrate . 
Butyl Propionate 

Fthyl Valerate . 
Butyl Propionate 

Propyl Butyrate . 
Ethyl Valerate . 

Butyl Acetate 
Methyl Valerate . 
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Cyanin T 

Cyanin II 

Fuclisino 

Potassinm 

Fennaiiganate 


* n 

An 

n 

Aa 

n 

Aa 

n 

Aw 

A 

1-3666 



1-3732 

— 

1-3818 



1-3377 


a 

1-3678 

+ 42 

1*3766 

+ 120 

1-3815 

+ 209 

1-3386 



1-3691 

+ 49 

1-3781 

+ 139 

1-3873 

+ 231 

1-3397 

+ 88 

c 

1-3714 

+ 65 

1-3831 

+ 182 

1-3918 

+ 269 

1-3408 

+ 91 

D 

___ 

— 

— 

— 

1-3982 

+ 315 

1-3442 

+ 106 

e. (Ir. 


— 


— 

— 

— ^ 

1-3452 

— 

E 

1-3666 

-26 

1-3668 

- 34 

— 


— 

— 

b 

: 1*3676 

-21 

— 

— 

— 


— 

— 

F 

j 1-3713 

+ 1 

1-3705 

- 7 

— ' 


— 

— 

0. El. i 

1 


— 


1-3613 

' — 

1-3420 

— 

G 

1-3767 

+ 7 i 

1-3779 

+ 29 ' 

1-3668 

1 - 82 

1-3477 

+ 64 ! 

H 

! 1-3793 

— • 

1-3821 

! ■■ 

I 1-3759 

1 

1-3521 

+ 79 ! 


W. Wernicke {Pogg. Ann. clvi. 87) lias determined by a peculiar method, the 
indices of refraction and extinction of rays which are al)sorbod by metallically opaque 
bodies. The following table gives the indices of refraction », corresponding with the 
wave-lengths \ for solid fuchsine : 


\ 

II 

B 

688 

G 

656 

698 

B 

589 

681 

571 

550 

532 

K 

626 

n 

= 1-73 

1-81 

1-90 

2*293 

— 

2-326 

2*372 

2*016 

1-875 

— 

A 

=* 522 

489 

P 

485 

4S3 

489 

460 

448 

438 

0 

429 

H 

394 

n 

=. l-.'55 

1-593 

— 

1-330 

1-436 

1*288 

1*224 

1-295 

1-31 

1*54 


The variation m the values of « justifies Kundt’s theoretical views of the nature 
of bodies which exhibit surfa/'c colours. In silver, tli(5 indices of refraction (vii. 
743) vary, between C and GJII, from 4*78 to 3*18, and the experiments show -in 
opposition to Cauchy's theory of metallic reflection— that the coefficient of extinc- 
tion is independent of the angle of incidence. 

Double Refraction. The following determinations have been made by Kohl 
rausch {loc. cit.) by the method of total reflection. In tlio uniaxial crystals, the faces 
— when it is not otherwise stated — were cut at right angles to the optic axis, and tlio 
refractive indices, ai and e, of the ordinary and extraordinary rays, were determined. 
In the biaxial crystals, the fixco was cut at right angles to the first median line, and, 
in addition to the refractive indices a and y, the apparent angle 2E of the optic axes 
was determined, and thonco the third refractive index was calculattHl (iii. 6(16): 


Uniaxial Crystals. 


• i 

u 

c 

Temp. 

Quartz 

• 1-6438 

1*5530 

23® 

Quartz, natural, parallel ; 

1*6436 

1-6531 

24 

Amethyst 

1*5440 

1-5533 

23 

Lemon Quartz, parallel .... 

1*5444 

1-6532 

22 

The same, jiarallel, axis horizontal 

1*5445 

— 

22 

Apophyllite 

1*5343 

1-6369 

22 

I’otassium Eerrocyanido, natural . 

1*5752 

1-5815 

24 

Calcium-copper Acetate, natural . 

1*436 

1-478 

23 

The same, natural, parallel .... 

1*435 

1-478 

26 

Ecryl, limpid, parallel 

1*571 

1*566 

21 

Beryl, „ 

Beryl, greenish-bluo, parallel 

The same, parallel, axis horizontal 

1*5725 

1*6678 

24 

1-6804 

1*0746 

23 

1-6803 


22 

Beryl, limpid, natural, parallel . 

1-673 

1-568 

23 

Mejonite . • » ■ • • * • 

1-6649 

1-6454 

22 

Tlie same 

1-6657 

1-5459 

19 

Mellito 

1*6415 

1*5154 

21 

Black Mica, natural 

1 

1*586 

23 

Soilium Nitrate 

1*5842 

1*3346 

22 

Sodium Nitrate, natural cloavage-face . 

1*5854 

1*3369 

23 

Nickel Sulphate, natural . . . . ^ 

1*5099 1 

1*4860 

24 
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Biaxial Crystals. 



a 


y 

Terap. 

2B 

Gwsum 

1-5280 

1-5206 

1-5183 


93-7° 

Gypsum, natural cleavage . 

1-5289 

1-5216 

1'5108 

26® 

— 

Tartaric Acid 

1-6047 

1-5355 

1-4951 

24 

146'6 

Citric Acid 

1-5077 

1-4975 

1-4930 

24 

114-9 

Adular, from the hhfel 

1-5253 

1-.5250 

1-5206 

21 

41-6 

Adular, from tho St. Gol thard . 

1-5246 

1-5230 

1-5192 

21 

106-7 

Mica, East Indian, ratural 

1-5997 

1-5941 

1-5609 

23 

71-9 

Aragonite ... 

Potassium Nitrate .... 

1-5046 

1*5031 

1-5301 

1-3327 

22 

23 

7-6 

Magnesium Sulphate .... 

1-4612 

1-4553 

1-4324 

21 

78-6 

Borax 

1-4712 

1-4681 

1-4463 

23 

59 0 

Cupric Sulphate .... 

1 5433 

1-5368 

1-5140 

23 

93-1 

Sugar 

1-6698 

1-5643 

1-6362 



24 

78-5 


Optical Conata9tts of Isomorphou.^ Bodies. — Tho rcfraotivo indices, and, in 
the- case of biaxial crystals, the angles of inclination «f tho optic axes, ^ of a largo 
number of isomorphous crystals, have been determined by Topsoo a.^ Christiansen 
{Ann. Chim. Phys. [4], xxxi. 1), the result of which has been to confirm the main 
conclusion deduced by Senarniont f com experiments made in 1 So I {^ihid. [3], xxxiii. 
391), namely, that the optical properties of bodies are not in anyway dependent upon 
isomorphism. In the following tables tho indices of refraction are given for the 
b’raunhofer lines 0, I), and 1<\ The first gives thoso indices for single-refracting 
crystals. In the second talde, the letters 11, 'f, following the names of the substances, 
denote the crystallino system to which they belong, II = hexagonal, T = tet/agoMal 
(dimetric, quadratic, pyramidal). Tiio positive or legativo optical character of tho 

substances in this table follows from tho value of tl.o ratio of the ordinary and 

€ 

cxtraordinJiry refractive indices of a ray trsiversing tlui crystal at right angles to the 
optic axis. If «> w, this ratio is loss than unity, and the crystal is optically positive ; 
if € < CO, the ratio is greater than unity and tho crystal optically negative. This ratio is 
always to bo understood as roferriiig to tho line D, except in one case, where a C is 
attached to it, in which it refers to the lino C. The first three columns of figuro.s 
cuntain the refractive indices, to above and € below. In the third tabic, containing 
tho rhombic biaxial crystals, there are given for each substance, the three 
principal indices of refraction o < j8 <7 for rays which traverse the crystal parallel to 
the axes of opticu.1 elasticity (3 > b >C. ‘Optical orientation’ denotes the order 111 
which the axes of elasticity correspond to tho right-angled crystallographic axes. 
Tho sign ± for tho optical character is placed below that axis which bisects tho acute 
angle of the two optic axes. In the monoclinic crystals included in the fourth 
taWe, tho plane of the optic, axes is always parallel to the piano of symmetry of the 
crystal. The optical orientation is detern inod by tho angle which the lino of bisection 
of tho acute angle of the optic axes forms with tho normal to the face 001 or 00 P 
^AB) denotes the apparent, AB tho tr.io angle of tlie optic axes. 


I. Single-refracting Crystals, 



Indices of Kcfroction 

Chemical Composition 




— 


C 

D 

F 

KBr 

1-5546 

1-5593 

1-5715 

KI 

1-6584 

1-6666 

1-6871 

NH*I 

1-6938 

1-7031 

1-7269 

SiF«.2NlI*F 

1-3682 

1-3696 

1-3723 

SiiCl\2KCl 

1-6517 

1-6574 

1-6717 

BaN^O* 

1-5665 

1-67 11 

1-5825 

PbN^O* 

1-7780 

1-7820 

1-8065 

Al=>(SeO^)»K=SO^ + 24rr-’0 . 

1-4773 

1-4801 

1-4868 

hV(SO<)»K'-'SO^ + 24n'^0 

1 4783 

1-4817 

1-4893 

bV(SO0*.(NlI<)=‘SO< + 24H-0. 

1-4821 

1-4854 

1-4934 

Mixed Alum 

1-4676 

1*4708 

1-4772 1 


'4 H 2 
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II. Uniaxial Crystals. 


Chemical Composition 


Indices of llc'frnctlon 

’ (“) 

Cryst. 

Axis 


0 

D 

P 

CuF^SiF' + on-o 


1*4074 

1-4062 

1*4092 

1*4080 

1*4138 

1*4124 

1*0009 

0*5395 

NiF‘.SiF* + 6H-0 

H 

1*3876 

1*4036 

1*3910 

1*4066 

1-3950 

1*4105 

0*9889 

0*5136 

ZnF'.SiF* + 6H-0 

n 

1*3808 

1*3038 

1*3824 

1*3956 

1*3860 

1*3992 

0*9905 

0*5173 

CoF=.SiF‘ + eU^O .fc . 

n 

1-3817 

1*3972 


' 

0*9889 (C) 

0*5219 

MgF.SiF‘ + 6H=0 . 

H 

1*3427 

1*3587 

1*3439 

1*3602 

1*3473 
1*3634 “ 

0*9880 

0*5174 

MnF^.SiF^ + GWO . 

u 

1*3552 

1*3721 

1*3570 

1*3742 

l-3f.05 

1-377-1 

0*9875 

0*5043 

MgPl^SnCl^ + 6H20 . 

• 

H 

1*5715 

1*583 

1*6885 

J-597 

■— 

0*9925 

0*5083 

KH^PO*. . . . 

T 

1*5064 

1*4664 

1*6095 

1*4684 

1*5154 

1*4734 

1*0280 

0*6640 

KU^AsO^ .... 

T 

1*5632 

1*5146 

1*5674 

1*6179 

1*6762 

1*5252 

1*0325 

0*6633 

(NU^)H-PO^ .... 

T 

1*5212 

1*4768 

1*5246 

1*4792 

1*6314 

1*4847 

1*0307 

0*7124 

(NHOH^AsO* 

T 

1*5721 

1*5186 

1*6766 

1*5217 

1*6869 

1*5296 

1*0361 

0*7096 

K‘-S=0« 

1£ 

1*4532 

1*5119 

1*4550 

1*5153 

1*4595 

1*5239 

0*9602 

0*6416 

Eb^S^O* 

H 

i 

I 

1*4556 

1*5041 

1*4574 

1*5078 

1*4623 

1*5167 

0*9666 

0*6307 

CaS*0« + 4H'-’0 . 

11 

1*5463 

1*5496 

1*6573 

— 

1*600 

SrS^O" + 4U20 . 

III 

1*5266 

1*5232 

1*5296 

'1*5252 

1*5371 

1*5312 

1*0029 

1*5024 

IWO" +»4H-0 . 

“ 

1*6295 

1*6492 

1*6351 

1*6531 

1*6481 

1*6666 

0*9891 

1*4690 

NiSO^ + CH-0 . 

T 

1*5078 

1*4844 

1 

1*5109 

1*4873 

1*5173 

1*4930 

1*0159 

1*9062 

NiScO^ + GH^O . 

T 

1*5357 

1*5089 

1*5393 

1*5125 

1*5473 

1*5196 

1*0177 

1*8364 

ZnwSeO* + 6H*0 . 

T 

1*5255 

1*5004 

1*5291 

1*5039 

1 

1*6367 

1*5108 

1*0168 

1*8949 

BeSO< + 4n*0 . 



T 

1*4691 

1*4374 

i 

1*4720 

1*4395 

1*4779 

1*4460 

1*0226 

0*9461 
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III. Bh ombic Biaxial Crystals, 


1190 


LIGHT: DOUBLE BBFRAOTION. 





Indices of Refraction 


LIGHT: DOUBLE EK FRACTION. 


1191 




IV. Monoclinic Biaxial Crystals, 
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Double Ttefractwn of Various Sufjstances, — Mercurous iodide, Hg*P, which 
Des Cloizeaux has shown to be isomorphous with mercuric iodide (Compt. rend. 
Ixxxiv. 1418), is likewise strongly double-refracting; it is uniaxial and positive, 
^whereas mercuric iodide is negative. Mercurous chloride is also positive. 

Cupric Sulphate, CuS0^5H/^0. The optical constants of this salt have been 
determined by C. Pape {Popq. Ann. vi. 35; Jahresb. f. Chem. 1873, 137). The throe 
principal refractive indices for sodium light (D) are : 

c. = 1-51564 /3 = 1-53940 7 = 1-54639 

The dispersion is small, as shown by the following values : 

D E P O' 

for the lines o 1-51615 1-51983 1*52307 1*52872 

7 - 1-54604 1-54996 '-55351 1*55978 

The angles between the optic axes are slightly diminished by rise of temperature, 
about 12*P for a rise from 19-1° to 46*7''. 

Cane-sugar. The three principal refractive indices, and the angles 2V of the 
optic axes for the sodium, lithium, and thallium lines, have been determined by 
L. Calderon {Zcitschr. Kryst. i. 73) ; 

a fi y 2V 

Li . . . 1-5379 1-5638 • 1-6693 47^ 56' 

Na . . . 1-5397 1*5667 1*5716 48° 0' 

T1 . . . 1-5422 1-5685 1-5734 48° 08' 

The dispersion of the median linos is almost nothing; that of the optic axes is weak. 

F. Peeke (Min. Mittheil. vii. 261) finds that for sodium light, the crystallographic 
axis c is inclined to the smallest optic axis at an angle of 23'‘ 23'. For sodium-light, 
and for light which has passed I hrough red and green monochromatic glasses respec- 
tively, he finds the following values for the refractive indices and the ingle of the 
optic axes : • > 

tt ^ y 3V 

Ecd .... 1-5351 1*5630 1*5679 47® 42' 30" 

Yellow . . . 1-5371 1-5653 1*5705 47° 48' 20" 

Green . . . 1*5404 1*6687 1*5737 47° 57' 66" 

Ter pin Hydrate, C'®H*® 3H-0. This compound forms orthorhombic crystals 
having the axial ratio a : b : <7-0*80722 : 1 : 0*47640. 'fho plane of the optic axes 
coincides with oo f oo ; the first median lino 'with the brachydiagonal a. The angle of 
the optic axes is for lithium-light 77® 37'; for sodium-light 77° 27'; for thallium- 
light 77° 18' ; the dispersion of the optic axes is therefore very small (Arzruni, Pogg. 
Ann. clii. 282). 

Influence of Temperature on the Befractive Indices of the Isonvorphous Sulphates n, 
Barium, Strontium, and Lead (Heavy »Spar, Coelostinc, and Anglesito). — 1. The three 
principal indices of refraction of these throe sulphates vary, with change of tempcTa- 
ture, by ditFerent amounts, but always decrease in maguitudo as the temperature 
rises. 2. This decrease in the thre e compounds is analogous in so far that the largest 
index (7) suffers the greatest, and the medium index (fi) the smallest amount of 
diminution. 3. In anglesite the refractive power diminishes with rise of temperature, 
but the dispersion incrcasijs. 4. The directions of the principal axes of expansion by 
heat do not stand in any direct relation to the magnitude of the axes of optic elasticity 
(Arzruni, Zcitschr. Kryst. i. 166). 

Development of Douhle-refracting Structtire by Electric Induciwn. — Isotropic media, 
solid or liquid, submitted to strong electric inductive action, become doubly refractive, 
their particles being apparently arranged in the direction of the lines of magnetic 
force. The structure thus acquired is uniaxial, the axis being parallel to the lines of 
force. Glass and quartz become positively double-refracting, resin negatively. 
Among liquids, carbon disulphide, benzene, paraffin, kerosene oil, and turpentine oil 
become positive, olive oil negative. Carbon disulphide acquires the strongest, paraffin 
oil and kerosene oil the weakest double refraction. In solid bodies, the development 
of double refraction by electric influence, takas a perceptible time (up to half a minute) 
and an equal time is required for its disappearance after the electric force has ceased 
to act ; in liquids both the production and the disappear.! ce of the double refraction 
are instantaneous (J. Kerr, Phil. Mag. [4], 1. 337, 446). 

PluoreBoenoe. The fluorescence of a large number of substances has been 
examined by E. Hagenbach (Pogg. Ami. cxlvi. 65, 232, 375, 508 ; abstr. Chem. Soc. 
Jour. XXV. 1068), with results confirming in every instance the two laws discovered 
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by Stokes, viz. (1) that the fluorescent rays are always less refrangible than the 
exciting rays ; (2) that the same rays which are capable of producing fluorescence 
within a substaflce are also absorbed by that substance. 

Light of every degree of refrangibility appears to be capable of exciting fluorescence, 
which, in the more* refrangible part, extends beyond the line H, being there produced 
by lowering of refrangibility of the ultra-violet rays ; on the other hand, any fluorescent 
light that might be produced by the extreme rod rays, would, for olavious reasons, 
not be perceptible to our eyes. The number of maxima of fluorescence in the spectrum 
is very diflbrent for different suhstances ; thus Hagenbach, by examining the spectrum 
of an uluminated slit, the light of which was thrown on different liquy.s, observed 

‘ 7 maxima in a fresh solution of chlorophyll 

6 „ in an altered solution of chlorophyll 

5 „ in an extract of lamp-black 

4 „ in barium platinocyanido 

3 „ in naphthalene-red 1 and in 

2 „ in oxidised brazilin v other 

1 „ in the solution of marin-alumina J substances. 

Stokes’s observation that the absorption-bands of fluorescent bodies correspond 
■generally with the maxima of fluorescence has been confirmed by Hagenbach in nearly 
all cases, a few bodies in which absorption is not accompanied by fluorescence being, 
perhaps, mixtures of a fluorcsccifc and a non-fluorescent substance. Uranic nitrate, 
however, which exhibits no maxima of fluorescence either in the solid state or in 
solution, seems to form a real exception to the rule, since it can scarcely be looked 
upon as a mixture. * 

The maxima of fluorescence in the spectrum of a body do not always correspond 
with those in the spectrum of the fluorescent light, or fluorescence spectrum ; the 
solution of chlorophyll, for example, shows seven maxima of fluorescence in its spec- 
trum, but only two in that of the fluorescent light. 

The position of the maxima and minima of fluorescence vary more or less with 
' the nature of the solvent employed, and some substances exhibit fluorescence only in 
one state of aggregation, whereas ^others are fluorescent both in the solid and in the 
liquid state. 

Further experiments by Hagenbach {Pogg. Ann. Jubclbd. 1874, 303) have yielded 
the following results : A comparison of the fluorescence spectra of the alcoholic and 
ethereal extracts of chlorophyll shows that the maxima in the former are placed 
nearer to the red end than in the latter, and that the minimum between the two 
maxima is more distinct in the ethereal than in the alcoholic extract. Ciilorophyll 
likewise exhibits fluorescence in the solid state, though not so strongly as when dis- 
solved, the spectrum of the solid substance being less extended and notably displaced 
towards the side of lesser refrangibility. 

The fluorescence-spectrum of solid anthracene exhibits seven maxima. The 
blue-violet fluorescent solutions of this substance in alcohol, ether, and light petroleum 
exhibit the displacement of the maxima towards the violet end, previously observed 
by Morton (p. 93 of this volume). Hagenbach, however, attributes tho spectrum 
with six or seven maxima to purt? anthracene, whereas Morton supposed that it was 
due to the presence of chrysogen. Hagenbadi difl not observe any absorption -bands 
in the spectrum of pure anthracene. 

Thallene, a greenish-brown hydrocarbon discotoed by Morton in petroleum- 
residues {Cfurn. NewSt xxvi. 272), exhibits a fluorescence very much like that of 
anthracene. Solid thallene exhibits no absorption-bands except those which are duo 
to its splendid green fluorescence ; its two spectra are exactly complementary one to 
the other. In aU its solutions it exhibits a strong blue fluorescence, and all its bands 
appear /lisplaced towards tho more refrangible end of the spectrum in various degrees 
according to the solvent used. Prolonged insolation and rise of temperature give rise 
to tho gradual disappearance of tho fluorescence-bands from tho red end onwards 
(Morton, Phil. Mag. [4], xlvi. 89). 

Tho fluorescence and absorption-spectrum of chrysene, both solid and in solution, 
is also very much like that of anthracene. Solid chrysene exhibits 4, dissolved 
chrysene 6 maxima in its fluorescence-spectrum, their arrangement being modified by 
the solvent (chloroform, benzene, turpentine-oil, ether). Tw'o or three absorption- 
bands were also observed. Insolation displaces the maxima of solid chrysene in tho 
direction of greater refraugibility, and develops a fifth maximum (Morton, Amtr. 
Chemistr y. US). 

Ordinary white paper exhibits a whitish fluorescence, wliich is, moreover, con- 
tinuous after the removal of the exciting rays, and has therefore the character of 
phosphoro.sceuco ; it begins at the lino attains its maximum at G, and extends to 
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the ultra-violet. Tliis fluorfscenco-spcetnim exhibits two rather strong maxima 
separated by a minimum (liagenbach). 

Hagonbach has also examined the fluorescence of the platinocyanides of the follow- 
ing metals : 

Potassium 
Sodium 

Potassium -sodium 
Ammonium 
Sodi im-ammonium 
Barium 

The fluorosceut appearances of these salts are very diversified, as each yields 
several hydrates differing both in their body-colour and in their fluorescence. The 
body-colour is determined chiefly by the rays which excite fluorescence. Most of 
these salts exhibit very fine surface-colours. 

Ch. IForncr (PM. [4], xlviii. 1 65) recommends castor-oil as a solvent for 
fluorescent bodies whicli do not exhibit this property when dissolved in other liquids. 
Ked indigo (Persio) dissolved in this oil exhibits a splendid orange fluorescence; cam- 
wood apple-green ; logwood a similar colour but with a different spectrum ; turmeric, 
emerald-green, at least three times as strong as in the alcoholic extract. 

E. Lommel {Pofjg. Ann. cxliii. 26 ; clix. 514) infers, from observations on various 
fluorescent substances, that Stokes’s law respecting the relative refrangibilities of the 
exciting and fluorescent rays is not universally true. His conclusions are as follows : 
(1). There arc two kinds of fluorescence. In the first, each homogeneous exciting 
ray, which, as regards its refrangibility, falls within the limits of tlie fluorescence- 
spectrum, or a certain portion of it, is capable of exciting not only rays of greater or of 
equal wave-Iengtli, but also rays of lesser wave-lengtli, so far as they are included within 
the same limits. In the second kind of fluorescence each homogeneous exciting 
ray produces only those rays of fluorescent light whoso wave-lengths are greater or at 
least equal to its own. (2). In'bodies which exhibit the fir^it kind of fluorescence, 
such as naphthalene, chlorophyll, and iron, oacn exciting homogeneous ray calls into 
existence the entire fluorescence-spectrum : thosc-bodies therefore do not conform to 
Stokes’s law. (3). Most of the fluorescent bodies hitherto examined exhibit only the 
second kind of fluorescence, and therefore obey Stokes’s law tlironghout the extent of 
their flnorosconce-speotra. (4). There are also bodies which exhibit both kinds of 
fluorescence, the first in a certain part of their fluoresccnco-spcctvum, the second kind 
in the remainder ; these, therefore, conform partially to Stokes's law. Such are 
Griessniayer’s chameleon-red, chamolcon-bluo, and chameleon -green produced by 
heating aniline hydrochloride with azobenzene (see Phenyl Coloukino Matters). 

According to Hagenbach (p. 1194) and Lubarsch {Pogg. Ann. cliii. 420), on the 
other hand, the relation between the wave-lengths of the exciting and fluorescent 
rays is in all cases represented by Stokes’s law. Lubarsch also infers from his own 
experiments : (1). That the fluorescence of each substance can be developed only by 
certain exciting rays. (2). That the most refrangible rays of the fluorescent light 
excited by sunlight correspond with the position of maximum absorption, provided 
that the fluorescence is simple. Various bodies, however {e.g. extract of Palisander 
wood, an ethereal solution of archil, and alcoholic tincture of litmus), exhibit a rfowi/e 
or multiple jliMrescencc, duo to the action of various groups of rays of the exciting 
light. Chlorophyll belongs to this class of bodies, but is probably a mixture of 
several substiinces, each of which exhibits only simple fluoresccnc^. 

Fluorescence f PJiosphorc.^ccncc* and Ahsorptinii Spectra of Uranium Solutions . — 
The light emitted by phosphorescont uranium compounds has been spectroscopically 
examined by E. Becquerel {Ann. Chini. Phys. [4], xxvii. 539). The experiments were 
made in some cases with the aid of Becquorers phosphoroscopo f {ihid. [3], Ivii. 101), 
while in others the bodies wore illuminated exclusively by the violet and ultra-violet 
rays. Uranous chloride and sulphate thus treated do not emit any sensible light. 
Most uranic compounds, on the other hand, become pliosphorescont, and almost all of 
them then give a series of groups of light and dark bands between C and F. The 
order of the bands in the several groups is determined chiefly by the acid present in 
the compound, and exhibits great diversity. In the double salts of any particular 
class, the double sulphates for example, the order in each group is the same, but the 

a 

* Phosphorescence is fluorescence continuing after the rcimovol of the exciting cause. 

t This is an instrument for facilitating the detection of phosphorescence in bodies which exhibit 
it for a very short time only. For description and figures, sec? E. Becquerel (/^a Lumikre, m causes et 
fes effetSy i. 249, 834, 878 ; Ann. Chim. Phys. [3], Ivii. 101 ; also Trait6 de Physique par A. Daguin, 
It. 262). 


Strontium 

Strontium-potassium 

Calcium 

Calcium-potassium 

Magnesium 
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index of refraction of the corresponding light and dark hands varies sometimes in one 
direction, sometimes in the opposite. In each individual spectrum tlie distance 
between the covresponding maximc'i and minima of light of tho successive groups 
increases with the refrangibility. The differences of the corresponding wave-lengths 
divided by the square of the mean wave-length give quotients which are nearly equal 
for all uranium compounds. On the other hand, no simple relation could bo discovered 
between tho wave-lengths of homologous bands of tho same group in different com- 
pounds and their chemical composition. When the compounds are illuminated by 
violet and ultra-violet light, tho more refrangible part of the spec^^rum exhibits 
additional groups of absorption-bands, which are different in differwit compounds, 
and agree in their order of succession with those in the less refrangible part of the 
spectrum, appearing, indeed, like a continuation of the latter. 

Becquerel’s results have boon confirmed by Morton a. Bolton (Aimrican Chemistf 
iii. 361, 401), whoso observations oxteml to a larger number of uranium salts. They 
find that, whereas in the spectra of all these salts tho similar and similarly distributed 
bands of the fluorescent light are situated between the lines C and F, there are also 
other absorption-bands situated between F and H, which aro not due to fluorescence, 
but are, nevertheless, similar to those above mentioned, and somewhat regularly dis- 
tributed. ^ The intensity curves of tho spectra exhibit characteristic differences 
between different salts, and may serve to distinguish them one from tho other. In all 
cases the intensity of tlu', bands decreases more quickly in one direction than in the 
opposite, and, for tho most parlf more quickly towards the more refrangible end. 
Thft character of one band is, for the most part, a type of all the bands in tho same 
spectrum ; exceptions to tliis rule aro, however, afforded by most of the double acetates, 
especially sodio-uranic acetate. Double salts containing tho same acid have in most, 
but not in all cases, bands of the same type ; but simple and double salts of tlie same 
acids do not, for the most part, agree in the typo of their bauds. In many cases an 
internal docoin position of a salt by heat could be distinctly traced by the spectroscope. 
Thus w'hcn hydrated ammonio-uranic sulphate, U'‘’0®S0®.(NH^)=0S0“ + 2H-0, is heated, 
it is first dbnverted into the anhydrous salt, and finally into a new salt, containing 
loss ammonia, viz. 2U‘A)*SO^.(Nll‘)*OSO®. Tho spectra of the three salts are similar, 
but are distinguished from one another by tho arrangement and relative intensities 
of their bands. When the original hydrate is slowly heated, the spectrum of tho 
anhydrous salt at first accompanicjs that of the hydrate, and with continually increasing 
intensity, while that of the iiydrato gradually fades. The passage from the hydrate 
to the new double salt is accompanied by similar appearances. 

The absorption-spectra of many uranic salts exhibit groat diversities, tho character 
of the absorption -bands being in many wises greatly influenced by tho fluorescence, in 
others but slightly. Tho acetates, simple and double, wliich in the solid state give 
very different absorption-spectra, exhibit in solution almost exactly similar spectra, 
so that it may bo inferred, with great probability, that double uranic acetates cannot 
exist in solution, but are decomposed in the act of dissolving. Different solvents dis- 
place the bands in various degrees. 

Fluorescence is diminished by heat. In anhydrous ammonio-uranic sulphate the 
fluorescence is considerably weakened at 140° and destroyed at 260°. In sodio-uranic 
acetate all the fluoroscencc-bands disappear at 11 6°, and during the heating the bands 
are somewhat displaced towards tho red end; as flio salt cools, tlie optical phenomena 
regain their original charact«T. Salts in .solution lose their fluorescence at lower 
temperatures than in tho solid state. Many uranic 'salts, especially the carbonates, 
exhibit, when heated, a downward displacement (? towards tho red end) of their 
absorption-bands; fithers, especially tho nitrates, and likewise tho acetates, exhibit, 
when heated, not a displacement of the bands, but a distinct diminution of tho general 
absorption. 

Illumination of Transparent Lallcmand’s observations on this 

subject (vii. 745) have been continued {Compt. rend. Ixxvii. 1216) with the follow- 
ing results : The rays which produce the illumination of transparent bodie.s are of two 
kinds those of the one kind, resulting from a direct lateral propagation of the incident 
light, have a wave-length equal to that of tho latter, and are partly or completely 
polarised, according as the incident light is natural or polarised ; while those of the 
other kind are always unpolarised, and often of loss refrangibility than tho original 
light : these are the rays which in transparent bodies produce fluorescence, and in 
opaque substances, body-colour. Fluorescenqp may be regarded as a universal property 
of bodies, being exhibited, ^von by the purest liipiids, as, for (ixamplo, sulphur dioxide 
OP cyanogen condensed by pressure. Tho only bodies which arc distinctly illuminated 
without fluorescing arc perfectly pure quartz and rock-salt. Calcspar exhibits a red- 
dish-orangc fluorescence, somewhat brighter and of a deeper red with tho ordinary than 
with tho extraordinary ray ; isochromatic illumination (vii. 745), however, is se.'ircely 
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S erceptible in this substance. Colourless lluorspar exhibits both properties in a high 
egree ; its fluorescence is of a violet-iudigo colour. Pure naphthalene dissolved in 
alcohol gives a bright indigo-blue fluorescence, the spectrum of which shows all the 
colours, but most conspicuously the rays between P and Gr. When polarised light 
falls on glass which has been quickly cooled, the glass omits at certain points white 
partially polarised light, at others unpolarised light of yellowish-green or bluish-green 
colour, according to the fluorescence of the particular kind of ghiss. This effect is 
connected with the double refraction resulting from the internal tension cf the particles. 


Illumiix tion of Opaqiie Bodies and External Diffusion, — The light 
scattered fron .tlie surfaces of these bodies consists of three parts : 1. That resulting 
from true diffusion, which obeys the same laws as the inner diffusion or illumination 
of transparent bodies. 2. That which is due to true reflection from the inequalities 
of the surface. 3. That which is due to fluorescence. Lamp-black is the substance 
in which the reflection is of smallest amount, indeed almost evanescent ; nevertheless, 
this substance exhibits a faint yellowish fluorescence. In most other black substances 
the predominant appearance is refl(!ction, most conspicuously in platinum-black. The 
number of really black bodies, that is to say of bodies which reflect and diffuse no 
coloured light, but only a faint white light, is, however, smaller than is commonly 
supposed, many apparently black precipitates, for example, exlii biting distinct colours 
when dried and spread out in thin layers ; thus the sulphide and phosphide of copper 
are greenish-brown ; lead sulphide and silver sulphide are bluish-grey, &c. Actually 
black are the following: well-washed aniline-bla?k ; mercury. sulphide obtained by 
the action of hydrogen sulphide on mercuric chloride ; uranium oxide, ; (Supric 
oxide precipitated from the nitrate by lime ; platinum-black ; iron reduced by hydrogen ; 
finely pulverised arsenic oxidised by exposure to the air (Lallemand, Ann. Chim. Phys, 
[6], viii. 93). 


Eelations between Absorption and Dispersion in Mixtures, — When an 
ordinary transparent medium, whoso refractive power n is related to the wave-length 

Ain the manner represented by the equation w = a + A, is mixed with a strongly 


absorbing body, the absorption-bands of the mixture are in most cases displaced 
towards the red end of the spectrum, the dispUcement ir creasing witli the value of b. 
This relation throws light on tJie hitlierto obscure observations regarding the influence 
of solvents on absorption {e.y, in the chlorophyll spectrum) ; also on the observations 
made by Melde in 1365 {Poytj. Ann. exxiv. 91 ; exxvi. 265 ; Jahresh. 1865, 85) on the 
displacement and occasional disappearance of the absorption-bands of a substance 
consequent on the presence of another which does not act chemically on it, but is 
likewise capable of producing absorption-bands (Kiindt, Vogg. Ann. Jubelbd. 616). 

On the relations between the absorptive powers of Coloured Bodies in the Solid 
State and in Solution, see W. Ackroyd {Chem. News, xxxvi. 159). 

Instruments for the obsen^ation of Absorption in Solutions are described by G. Govi 
(Compt. rend. Ixxxv. 1046 ; Jahresh. f, Cheni. 1877, 184). 


On Absorption-spectra, see Spectral Analysis. 


Colours of Bodies. The change of colour produced in bodies by heat, on 
which observations wore made a few years ago by Houston (vii. 746), has been 
further investigated by W. Ackroyd {Ckcm. News, xxxiv. 76; Phil. Mag. [5],ii. 423; 
Chein. Soc, Jour. xxxi. 671), who designates it by the term Metachroniatism. The 
colours were spectroscopically examined after the light had passed through a thin layer 
of the pulverised substance. Heating usually produces (as nuCy be seen in the case 
of potassium dichromate) a contraction of the transmitted portion of the spectrum, in 
greater proportion towards the more refrangible than towards the loss refrangible 
side, whereby a change of colour is produced in the direction of the rod, which is, in 
fact, the general law of colour-change produced by heat. The series of colours must, 
however, bo extended beyond the rod to include brown and black, and beyond the violet 
to include white (or colourless). In a series of anhydrous binary compounds of the 
same two elements, those which contain the largest proportion of metal have the most 
refrangible, and those which contain the smallest proportion of metal have the least 
refrangible, colours. Metachromatism occurs in all states of aggregation; it is not 
necessarily connected with rise of temperature or with alteration of density, and may 
therefore be produced by increase or decrease of distance between the atoms within 
the molecule, in other words, with alteration of the atomic potential. A change from 
the white (violet) to the black (red) extremity of the spectrum indicates a separation 
of the atoms, the contrary change an approximation. If the alteration of the potential 
proceeds as far as chemical action, the former change of colour denotes combination, 
the second decomposition. 
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Diohroiam. — The douhle-rofracfcing opthorhomhic crystals of i odine are dichroic 
in consequence of unequal absorption, appearing dark red op brownish yellow according 
to the direction in which they are viewed. The optic axis of the rhombic plates is 
parallel to the macrodiagonal. The ray polarised parallel to this axis suffers less 
absorption than that which is polarised at right angles thereto. The reflected light is 
polarised partly at right angles to the transmitted light, partly parallel to the plane 
of incidence. If the incident light is polarised parallel to the plane of incidence, and 
the angle of incidence is about 72"*, the reflected light is of a bright blue colour, com- 
plementary to the transmitted light (Sir John Conroy, Proc. Roy. Soc. -syh. 61). 

The absorption-spectra of iodine in the solid and fused states are n^rly identical, 
^ and consist only of tlio red portion to a littlo short of D, beyond which absorption 
takes place very rapidly in fused, more slowly in solid iodine. The solutions, as 
formerly observed by Sclmltz-Sellack (vii. 672), are either red-brown or violet. 
To the former class belong the solutions in alcohol, ether, ethyl bromide, ethylene 
chloride, benzene, glycerin, aqueous potassium iodide, hydrochloric acid, &c. : they 
absorb the spectrum from the violet end to about the middle between D and E ; to 
the latter, the solutions in disulphide, tetrachloride, and monochloride of carbon, 
chloroform, phosphorus- trichloride, stannic chloride, and hot concentrated sulphuric 
acid : these solutions strongly absorb the rays of medium refrangibility, and their 
spectrum resembles that of iodine-vapour (vii. 672). In thin layers, or when some- 
what dilute, they appear red; in thicker layers violet, because the violet rays are 
still transmitted after the red hav# been absorbed (Conroy, Proc. Roy. Soc. xxv. 46). 
The dichroism of iodine in alcoholic solution has also been observed by Andrews 
(Chem. News, xxiv. 75). 

Tempora^ dichroism may be produced by tension in caoutchouc aiul gutta-percha, 
and in a slight degree in gelatin which has been made extensible by addition of 
glycerin and coloured by certain dye-stuffs (A. Kundt, Poyy. Ann. cli. 125). 

Elliptio Polarisation and Sitrface-colours. — K. Wiedemann (Po^^. 
cli. 1) has determined the relation between the angle of incidence and the phase of 
retardation of the reflected ray (iii. 659) for five spcctrtil colours, from reflecting sur- 
Yaces of fuchsioo, aniline-violet, and cof)por. Strong elliptic polarisation was observed 
also in light reflected from a conccn%:ated solution of fuchsino. The changes of colour 
exhibited by bodies with surface-colour in contact with media of different refrangi- 
bility^ first observed by Haidinger (ITic?!. Akad. Ber, viii. 97 ; Jahresh.f. Chem. 1852, 
162), have *been further studied by Wiedemann, whoso experiments show that the 
surfaco-colour varies enormously according to the nature of the medium in contact 
with the body, and that the changes of colour in the light reflected from double-re- 
fracting crystals according to the inclination of the reflecting surface to the axis of 
the crystals — also studied by Uaidingcr (Poyy. Ann. Ixxi. 321 ; Jahresb. 1847-48, 
194) — are independent of any particular arrangement of the surface-particles. Amongst 
the relations brought to light by this investigation, the following may bo especially 
mentioned : (1). That the colours most strongly reflected (in air) likewise exhibit the 
strongest elliptic polarisation; and (2) That the principal angle of incidence, or 
polarising angle (whose tangent is the index of refraction, iii. 653), is subject to the 
most rapid variations for wave-lengths nearly corresponding with absorption-bands 
{comp. Kundt, vii. 744). Semi-metallie bodies, in regard to the jAases of retarda- 
tion of light which falls upon them, behave like transparent bodies for the rays which 
they transmit, and like metals for those which they reflect. 


II. Circular Polarisation.^* 

PolarlmeterSfOr Polarlstrobometers (from o-rpojSos, rotation).— Baocbarl- 
meters. Besides the Soleil Saccharimeter, a number of other instruments are now 
in use for determining the rotatory power of optically active substances, and may 
here be briefly describe. 

Soleil-Duboscq Saocharimeter. — ^Tho Soleil saccharimeter now manufactured 
by Duboscq of Paris is in all essential features identical with that already described (vol, 
iii. 674) ; the regulator ni (fig. 697, vol. iii. 674) is placed, however, at the oye-pieco 
end of the instrument instead of behind the polariser c,f as will be evident on inspection 
of fig. 32, where P is the polariser, A the aralyser, consisting of an achromatised 
• 

* In ttila section of the artido ‘ Light* I am indebted to Dr. Armstrong, P.B.S., for manv valu- 
able additions and suggestions. H. w. 

t In the description at p. 674, vol. IIT., it is stated (line 18 from top) that the inddent light is 
polarised by the prism »» • the prism e is really the polariser. 
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calespar prism, C the quartz-plate, and N the Nicol, "which together constitute the 
regulator ; the prism N is fitted in a milled collar B. 

The scale of this instrument is constructed so that the space between 0 and 100 
exactly represents the distance through which the quartz-wedges mast be mored in 



Fig. 32. 


order to compensate the deviation produced by a plate of quartz 1 mm. thick placed 
between the polariser and analyser at right .angles to their common axis, in the position 
ordinarily occupied by the substance under examination. Clcrget in 1849 stated that 
a column 200 mm. in length of an aqu(K)us solution containing 16'471 grams cane- 
sugar in 100 C.C., was capable of producing the sam^ deviation of the polarised ray as 
such a plate of right-handed quartz ; Dubrunfant subsequently pointed out that only 
16*390 grams were necessary, and the amount was afterwards still further reduced to 
16'3o0 grams by a commission consisting of Barreswil, Duboscq, Pouillct and 
ydilosing.* The directions now issued with the instrument specify this last-named 
amount as that which is to bo used in veri lying the scale ; and if this weight of a 
substance containing cane-sugar unmixed with any other optically active body be dis- 
solved in water to 100 c.c., and the extent to which the wedges must be displaced in 
order to compensate the etfect |>jroduc(id by a column 200 mm. in length of the solu- 
tion be determined, the scale-reading directly ro^esonts the pofeentoge of cane-sugar * 
in the substance under examination f ; if any otl\£jr weight, to, of the substance be 
taken, and the extent to which the wedges must bo displaced be ascertained, then 
calling this 8, the percenbigo of cane-sugar is given by the proportion 

16*35 X 5 

a» s= . . 

w 

Soleil-Ventzke^ or Soleil-V ent zke-Scheibler 8accharimeter.-—T}[iQ 
Soleil-Veiitzko instrument dilfcrs from the Soleil only in possessing a different scale. 
The Soleil-Ventzke-Scheiblcr saccharimestor has in addition certain mochauioal im- 
provements introduced by Sclioibler ; the regulator is placed in front of the polariser, 
and only one wedge of the quartz compensator is movable. The disposition of the 
optical parts is shown in fig. 33. 


0 ■ 

□ S D ■ ini □ 


/3 oif* 


Fio. 33. 

The Soleil-Ventzke scale is graduated by means of a solution of cane-sugar of the 
density 1*1 at 17*5° ; such a solution is prepared by dissolving 26*048 grams of sugar 
to 100 c.c. The space through which the compensator is moved from the zero position 
in order to neutralise the effect of a column 200 mm. in length of the solution is 
divided into 100 equal divisions, so that if 24*048 grams of a substance containing 
cane-sugar as the only optically active constituent bo dissolved to 100 c.c., and the 

• Sohmitz and Tolleiia’ experiments indicate 16-302 grams as the proper amount (comp. Landolt, 
Dot optUche Drehungt-verm^gen organischer Substamm ; Brunswick, 1879, p. 206). 

t This of course is true only on the supposition that the rotatory power of cane-sugar in solution 
is independent of the concentration, which it is not entirely (sec pp. 1205, 1206). 
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solutioD be examined in a 200 mm. tube, the scale-reading ivill at once indicate the poiv 
centage of sugar. 

The Soleil sn,pchfirimeter furnishes exact results only in the case of bodies which 
like cane-sugar and dextrose have the sjime or nearly the same rotatory dispersive 
power as quartz (sep p. 1206), as the two halves of the field cannot bo obtained of the 
same tint when substances which do not exhibit the same rotatory dispersive power as 
quartz — especially such as produce a considerable rotition of the plane of polarisation 
— are interposed between tlio polariscr and analysia*. Moreover many persons are 
either colour-blind or have a difficulty in judging of colours. These objc itious do not 
apply to the iustruments now to be described. j * 

Mitscherlich' s Polar imeter. — The simplest form of polarimetor, often called 
by this name, consists of a polarising and. analysing Nicol with the addition of a lens in 
front of the former to concentrate the light, and produce a circular field, and of a small 
telescope in front of the analyser (iii. C73). The analyser is attached to a vernier, 
capable of moving round a graduated circle. To set the instrument, and determine 
its zero-point, a ray of homogeneous yellow light from a sodium flame is p.assed along 
the axis, and the analyser is turned till the field of view exhibits the greatest dark- 
ness. This takes place in two positions 180 degrees apart, namely, wlion the princi- 
pal sections of the polarising and analysing Nicol’s prisms are at right angles to each 
other. If, however, the field of view be rather large, it does not become entirely 
dark, but is crossed by* a vortical black band, which gradually becomes lighter towards 
the edges. This baud should be exactly in the centre of tho field when the index 
points to 0°. If now, the analyser having been brought to tho zero-point, a tube 
filled with an optically active liquid bo placed between the prisms, the field will 
appear more or less bright ; and to measure the angle of rotation, thu analyser must 
be turned to the right or to the left till the field or the black band in its centre again 
attains its greatest darkness. 

If, however, the direction of the rotation be not previously known, the interpreta- 
tion of the phenomena requires attention to the following considerations. Suppose 
the plane of polarisation, originally in tho position A B 
(fig. 34), to bo turned by tho action of tho liquid into 
the position C D, making an angle of 30® with A B. 
The greatest darkness will then occur when the index 
points either to 30® or to 210®, indicating either a 
dextro-robition of 30® or a laevorotation of 360°-210° 
= 150®. In nearly all cases the true rotation is in tho 
direction of the smaller deflection. This, however, 
would not be tho case if the angle of rotation were 
greater than 90®, which might occur if tho rotatory 
power of the liquid were very great, or the tube more 
than 2 decimeters long. In such cases tho question 
may ho decided by using a tube of only half the 
original length, or diluting tho solution to half its 
original strength. Tho rotation will thereby be re- 
duced to half its original amount, and its direction 
will bo easily recognised. If, for example, the field 
becomes dark when the analyser is at 15® or 195®, tlio decrease ttikes place in the 
direction of dextro-rotation, whereas the angle measured to tho left increases from 
150° to 160®, which is inconsistent with the conditions of the experiment. 

Wild's Polaristrobomeier, — ^This instrument, invented by Wild in 1864 
(Ueher ein neues Pclaristrohomet&rf'RQTn, 1865), gives indications much more cx.act 
than those of Mitscherlich’s apparatus. The essential feature* of it is that between 
the polariser and analyser, tho former of wliich is movable, there is inserted a Savart’a 
polariscope, whereby a number of black interference bands are produced, which dis- 
appear in certain positions of tho polariser. These positions, which can be sharply 
dLstingui.shod, afford the means of setting the instrument. The light used is that of 
the sodium flame screened by a plate of potassium bichromate. 

The construction of the instrument is shown in figs. 35 and 36, the identical parts 
being indicated by small letters in the former, by capitals in the latter. Tho polarising 
and analysing arrangements are fixed at tho ends of a brass frame Y, moving hori- 
aoDtallj and vertically on tho stand X. The light entering at a into tho tube h passes 
first through the round diaphragm c (10 mm. in diameter), and then through the 
Nicol d. The mounting of these pieces is firmly atbiclicd to the circular disc c, and may 
be turned therewith round tho axis. The polarised rays pass through tho active 
liquid in the tube/, and lastly enter the fixed eye-picce. This part of the instrument, 
called the ydariscofe^ contains : first, tho part which yields the sensitive interlbrence 
phenomena, namely, two plates of calcspar each 3 mm. thick, cut at an angle of 45® 
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to the optio axis, and cemented together in such a mannAi. f , 

are at right angles to one another. Next ffdW fwn loncAa £ principal sections 



Fig. 35. 


sffl” 



Fio. 36. 


®“ '^'‘6 horizontal frame Y, and can be 
r^win™ ‘trough a smaU angle, for which purpose the tube r is provided with 
Wf f iv ^ t.wo clamping screws 7fi m, A circular screen is fixed at n to pro^ 

lect the eye of the observer from extraneous light. 

circulaw?f««^^«^^l Nicol to be rotated, its mounting, together with tho. 

on til -1 It, moves within a ring, fixed to the frame Y. Tlie disc carries., 

can 1 observer, a toothed wheel, and in this works the pinion g, whicli 
its the button p at the end of the rod q. The disc is graduated nearer 

r TK **’'*.‘^ of the graduation is fixed a vernier, or the simple index 

nlacwi ° oflf by the telescope s, at the end v of which is an obliquely 

of a circular aperture, which reflects to the vernier the light 

VoL**^ placed on a movable arm. The instrument is usually made fop 
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holding tubes up to 220 mm. in length. If it is to be used for scientific purposes, the 
disc must be graduated all round ; for use in saccharimotry, a graduation extending 
only over one or two quadrants may be sufficient. 

To set the ij^strument, the zero-points must first be determined by placing an 
empty tube in position and drawing out the eye-piece of the polariscupe till the 
X-formed cross-linos are distinctly seen. If the polariser be 
l.lnm turned round by means of the button v (fig- 35), a position 
will be found in which the field of view will bo traversed by a 
number of black parallel bands or fringes (fig. ^7ci)- On con- 
tinuing to turn, these fringes gradually become ^aler, .ind a point 
is at length reached at which a portion of tho field appears bright 
and free from bands. By a slight backAvan} and forward move- 
ment of the button, this bright portion may be brought into the 
middle of tho field, and the remains of the fringes will still be 
visible at equal distances right and left of the cross-lines (fig. 37 b). 
This position serves as the starting point for reading off the 
graduation. On turning the Nicol further round, the fringes 
first become stronger up to a certain maximum, then fainter till 
they disappear, and in a complete revolution of tho disc this 
appearance may be observed four times, at intervals of 90°. In 
each of these positions the residual fringes usually assume a 
distinct form, which must be impressed on the memory {comp. 
Landolt, op. cit. p. 106). 

Tho disappearance of the fringes corre6j;)onds with those 
positions of the movable Nicol at which its principal section is 
either pamllel or perpendicular to that of the first calcite plate of the polariscopo, 
and, on the other hand, the greatest depth of the fringes takes place when those 
planes are inclined to one another at an angle of 45°. The optical parts of the in- 
strument are adjusted by the maker in such a manner that the zero-points may fixll 
nearly on the divisions 0°, 90°, 180°, and 270°; they may, however, bo shifted a little 
by means of the screws mm. ^ 

The movable Nicol having been brought to one of the four zero-points, the re- 
placement of the empty tube by a tube filled with an active liquid, by which the plane 
of polarisation is turned through a certain angle, causes the interference-bands to 
reappear ; and in ortler to bring the plane of polarisation back to parallelism or per- 
pendicularity with that of the first plate of calcite, tho Nicol must be turned round 
the opposite way, «.<?. to tho loft or right accordingly as the active substance is dextro- 
or l®vog}'rate : tho fringes will then reappear. 

If the direction of rotation of the active liquid is not previously known, it is best 
ascertained by filling the tube wdth a dilute solution of tho substance, so as to produce 
only a slight deviation, the direction of Avhieh, right or left, is easily distinguished. 
If, on the other hand, the deflections are of larger amount, doubts may arise as to 
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their direction, in tho same manner as with Mitschorlicffs apparatus. Suppose, for 
example, that the four zero-points are situated at 

0° 90° 180° 270° 

and that after insertion of the tube containing the active liquid, the fringes disappear 
at 

30° 120° 210° 300° 

then, as shown by figs. 38-41, tho active liquid may bo either dextrogyrate with an 
angle of 30° (fig. 39), or l®vogyrate with an angle of 60° (fig. 38). 
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To decide the question, a second observation must be made either with a shorter 
tube or with a weaker solution. If, for example, the length of tube, or the concentra- 
tion, in tho second experiment, bo only half tnat in the first, the angles of rotation 
will also be reduced to one-half their former magnitude. The fringt^^ will therefore 
disappear at the positions 

15® 106® 195® 285® 

if the liquid is dextrogyrate (fig. 41), or at 

160® 240® 330® 

if it is laevogyrate ^fig. 40). 



15" 
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If, therefore, tho observation wi^K fhe shorter tube or weaker solution gives a 
number smaller than that obtained in the first experiment, tho rotation is to the 
right; if, on tho contrary, a larger number is obtained in the second experiment, tho 
rotation is to tho left. 

In the examination of highly active liquids, it may happen that the angles of 
rotation exceed 90®, so that the readings fall in the following quadrants. To avoid 
errors in such cases, it is in like manner necessary to make observations with two 
tubes differing in length. Laevogyrate nicotine, for example, in a tube 100 mm. long, 
gave, in round numbers, the following results : — 



Quad. I 

Quad. 11 

Quad. Ill 

Quod. IV 

Empty tube . 

90 

180 

270 

360 

Filled tube . 

18 

108 

198 

288 

Angle of Rotation . 

. . 72 

72 

72 

72 

On repeating the observation with a tube 60 mm. long, the results 

were : — 


Quail. I 

Quad. II 

Q'latl. Ill 

Quad. IV 

Empty tube . 

90 

180 

270 

360 

Filled tube . 

9 

99 

189 

279 

Angle of Rotation . 

81 

81 

81 

• 81 


Insteiid, therefore, of the half-deflection expected in the latter case, a deflection 
was obtained even greater than that with the longer tube. If 50 mm. nicotine pro 
duce^ a deflection of 81®, 100 mm. should give 162°, and this result is, in reality, 
obtained when tho zero-points in the second series of observations corresponding with 
this double length of tube are shifted one quadrant to the right. AVo have then : — 

Empty tube . . II 180 III 270 IV 360 I 90 

Filled tube. . I 18 II 108 III 198 IV + 72 ( = 360-288) 

Anglo of Rotation 162 162 162 162 

These relations may bo made clearer by inspection of figs. 42 and 43, the former 
of which represents tho rotation for a column 50 mm. long, tho latter for 100 mm. 

In all exact experiments it is necessary to carry out the observations in all tho 
four quadrants. It will then be found that the observed angles of rotation differ 
from one another by somewhat considerable amounts, the differences arising from 
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defects in the construction of the Nicols, and from inexact mounting of the two calcite 
plates of the Savart’s polariscope. These errors, however, may be made to disappear 
completely by taking the mean of the angles of rotation observed in the four 
quadrants. 




Half-Bhadow Polarimeters {PokrMtres a penombre),---lik these instruments, 
invented by Jelett, Cornu, and Laurent, the circular field of view»js divided into two 
equal parts which, within certain positions of the analyser, are unequally darkened, 
but in one particular position exhibit a faint and equal degree of shading. This 
point, which may be very exactly observed, serves for setting the instrument. The 
light used is that of the sodium-flame. 

Th^ penumbral apparatus most in use, especially for saccharimetry, is that of 
Laurent {DingU J» ccxxiii. f 08) represented’ in section in fig. 44, where a is a 



thin plate of potassium dichromate, serving to free the yellow light from admixed 
green, blue, and violet light ; b the polarising prism ; e a diaphragm carrying a glass 
plate to which a thin plate of quartz, cut parallel to the axis, is affixed so as to 
cover exactly one half of the field ; d the tube containing the active liquid ; e the 
analysing Nieol’s prism ; and/y a Galilean telescope of low power. The analyser is 
moveable, the extent to which it is moved being read off on a divided circle. The 
observation is miido with a sodium-flame. 

The quartz phite is of such thickness that, in their passage through it, the yellow 
rays polarised parallel and perpendicular to its axis suffer a retardation of exactly 



„ t — • 

Fio. 45. r Fio. 46. Fio. 47. Fia. 48. 


half a wave-length. When the i^lariser is set so that the entering rays are polarised 
m a plane A B parallel to the axis of the quartz plate F Q, fig. 45, both halves of the 
field are of the same relative intensity, whatever the position of the analyser ; but if 
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the quartz plate be indinecl at an angle a to A B, the rays passing through the plate 
are deflected to an equal extent a\ in the opposite direction, so that .whenever the 
plane of polarisation is in the direction A G in the uncovered half of the field, it is in 
the direction A C' in the covered half. On turning the analyser, the rays polarised 
parallel to either A C or A C' are extinguished according as the plane of polarisation of 
the analyser comes into the position ccoTifif (figs. 46, 47) ; so that while one half of 
the field appears perfectly dark, the luminous intensity of the other half is only 
partially diminished; when it attains the position bb (fig. 48), the intensity is 
diminished to a^ equal extent in either half, and the whole field is uniform in tone ; a 
very slight movement in either direction, however, then causes a perceptible difference 
in the intensity of the two halves. 

When the polarser and analyser are set with their principal sections at right 
angles, the field of view appears darker the smaller the angle a at which the plane of 
polarisation of the polariser is inclined to the axis of the quartz plate. The instrument 
is provided with an adjustment which permits of a slight alteration of the position of 
the polariser relatively to the quartz plate ; it is the more sensitive, however, the less 
the polariser is moved from the normal position. 

Jelett-Comu Shadow Polariscope. — This consists of an ordinary NicoVs prism, 
as analyser, and a peculiarly constructed Nicol, devised by Jelett, as polariser ; the 
analyser is movable, and is associated with a divided circle. Yellow monochromatic 
light is employed in making the observation, a plate of*bichromate being placed before 
the polariser. The polariser is constructed by cutting through an oi^inary Nicol 
across the shorter diagonal and grinding down the two cut surfaces 2*5° ; the two 
halves are then cemented together again, and thus form a double Nicol having two 
principal sections inclined at The field presents precisely the same appearance as 
that of the Laurent instrument ; on turning the analyser until its principal section is 
at right angles to one of the principal sections of. the polariser, the corresponding 
half of the field becomes perfectly dark; a rotation of 6° renders the other hijf dark 
instead, but at an intermediate position of the analyser, the two halves of the field, 
although perfectly dark, are of equal intensity, floth with this and the Laurent 
instrument it is necessaiy to use a light of considen ble intensity, and it is of con- 
siderable advantage to concentrate the light by means of a lens interposed between 
the flame and the polariser. 

Usually only one half the circle of the Wild, Laurent, and Jelett-Coruu polari- 
scopes is divided into degrees, the other half bearing a sugar scale ; but different 
scales are adopted by tho various makers. Thus the sugar scale of the Jelett-Cornu 
instrument manufactured by Duboscq of Paris is similar to the Soleil saccharimeter 
scale, an arc |of 21° 40' being divided into 100 equal divisions, and each division 
indicating 1 per cent, of cane-sugar when the solution examined is prepared by dissolv- 
ing 16*35 grams of substance to 100 c.c. The Laurent polariscope made by Schmidt 
and Haonsch of Berlin is provided with the Ventzke scale, each division indicating 
1 per cent, of sugar when 26*048 grams of substance is taken. The Wild polaristro- 
hometer, manufactured by Hermann and Pfister of Bom, has yet a different scale, 
based on the observation that a 200 mm. column of a solution containing 40 grams 
cane sugar in 100 c.c. has a rotatory power of 53*134^ ; an arc of this extent is divided 
into 400 equal divisions, so that if 20 grams of substance be dissolved to 200 c.c. 
and the solution examined in a 200 mm. tube, the number of divisions of the scale 
through which the index is moved multiplied by 2 expresses the percentage of sugar 
present. 

If it be desired to convert the scale-readings of either form of the Soleil 
^ccharimetor into actual degrees, it is simply necessary to bear in mind that, accord- 
ing to Broch, a plate of (juartz 1 mm. in thickness rotates the plane of polarisation 
of light of the rofrangibility of the D lines 21*67®, and the medium yellow rays 24*6® ; 
therefore : 

1 division Soleil-Duboscq (j) = 0*2167® ap 

1 „ „ ,, = 0*246® aj 

The divisions of tho Soleil- Ventzke scale are = 1*693 times as large as those 

16*36 

of the Soleil-Duboscq scale. 

As already pointed out, each division of the Soleil-Duboscq or Soleil- Ventzke scale 
represents the same amount of sugar, only if the rotatory po’.ver of cane sugar in 
solution be independent of the concentration ; but the experiments of Schmitz and 
Tollens have shown that this is not quite the case. The following table shows tho 
extent to which the scale readings of the Soleil-Duboscq instrument require correction 
(Landolt, op, cit, p. 167) : 
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Scale * 
reading 

Corrected scale 
reading 

1 

Difference 

Grams of 

Uucorrected 

sugar in 100 c.c. 

Corrected 

solution 

Difference 

100 

1 00-00 



16*350 

16-350 

— 

90 

89-98 

•02 

14-716 

14-712 

•003 

80 

79-97 

•03 

13-080 

13-075 J. 

•006 

70 

69-96 

•04 

11 -445 

11-438 f 

•007 

60 

59-95 

•06 

9-810 

9-802/ 

008 

50 

49-95 

05 

8-175 

8-167 

•008 

40 

39-95 

05 

6-540 

6-532 

•008 

30 

2996 

04 

4-905 

4-898 

•007 

20 

19-97 

•03 

3-270 

3-265 

•006 

10 

9-98 

•02 

1-635 

1-632 

•003 


The correction is slightly higher in the case of the Soleil-Vcntzke instrument, 
although for solutions containing less than 16 and above 85 per cent, it is so small 
that it may be neglected. Schmitz has calculated a table giving the correction for 
each scale division between 0 and 100 (see Laiulolt, op. cit. p. 156). 

Determination of the Angle of Dotation for different Days hy BrocKs (Fiseau and 
Foucault's) method. — The instruments above described allow only of the determination 
of the rotatory power for the medium yellow rays or for light of the refrangibility of 
the D lines ; the rotatory power for rays of other wave-lengths may, however, be de- 
termined by the method indicated by Broch, and simultaneously by Fizeau and 
Foucault in 1846, by combining a spectroscope with an ordinary polariscope of two 
NicoVs prisms. By means of a heliostat, a horizontal beam of sunlight is reflected 
into a dukened room and allowed to fall on the polariser, and a spectroscope, the eye- 
piece of the obseiving telescopy, of which is provided with cross-wires, is placed in 
front of the analyser. In the first instance, the polariser and analyser are set with 
their principal sections at right angles, so that the light is completely extinguished. 
On introducing the substance, the rotatory power of which is to be measured, between 
the Nicols — since the planes of polarisation of the various components of the white 
light are deflected to a different extent in their passage through the active substance, 
and the colour whose plane of polarisation is perpendicular to that of the analyser is 
extinguished— the emergent light is coloured, and the spectrum seen on looking 
through the spectroscope contains, in addition to the ordinary Fraunhofer lines, a 
black band which shifts its position as the analyser is rotated. The observation con- 
sists in adjusting the cross-wires so as to coincide with one of the Fraunhofer lines, 
and then rotating the analyser until the centre of the black band is in the position 
previously occupied by the Fraunhofer line. The angle through which the analyser has 
been moved is then read off on the divided circle to which it is attached; and this reel- 
ing represents the angular deviation of light of the wave-length of the particular line. 
V. von Lang has employed this method {Bogg. Ann. clvi. 422) in determining the 
rotatory power of quartz for light of the rcfj*angibility of the red lithium line, the 
yellow sodium line, and the green thallium line, using artificial light, and this modified 
form of the method is proljal)ly of wide application. First a Bunsen flame is placed 
in front of the polariser, and a salt is heated in it capable of yielding a spectrum con- 
taining the line of the desired wave-length (a Geissler tube containing hydrogen may 
also be employed) ; the cross-wires of the spectroscope having been adjusted to this 
line, the Bunsen is replaced by an Argand burner, and tlie analyser rotated until the 
black band, which is seen on a background of continuous spectrum, is coincident with 
the cross-wires. In determining the rotatory power for rays near the limits of the 
visible spectrum, it is necessary to employ the lime light as the source of the con- 
tinuous spectrum, as the light from an Argand burner is not rich enough in rays of 
extreme refrangibility to illuminate sufficiently the region on either side of the dark 
band. The chief objection to this method arises from the difficulty of determining 
exactly the position of the centre of the band, because of the gradual manner in which 
it shades off on either side: hence also consecutive readings are liable to differ to a 
greater extent than is usual with the instruments ordinarily employed. The method 
furnishes the most accurate results with substances of medium rotatory power (comp. 
Wiedemann, Bogg. Ann. (1851), Ixxxii. 216). 

Accuracy of various forms of Polariscope, — According to Landolt {gp. cit. 
p. 117), equally accurate results may be obtained with either Wild’s or Laurent’s 
or even Mitscherlich’s instrument, the numbers furnished by the three differing 
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at most in the second and very often only in the third place of decimals. The results 
of two practised observers with the same instrument agree to a few hundredths 
of a degree. 

Influence of Wave-lengtli on tbe Angle of Rotation. — The rotation of 
the plane of polarisation produced by the passjige of a ray through fi given thickness of 
an optically active substance, increases in nearly all cases as the wave-length diminishes, 
being least for red and greatest for violet light. Biot inferred, from observations on 
quartz, that tho angle of rotation is inversely proportional to the square of the wave- 
length (iii. 72). Recent observations have shown, however, that this law is not 
exact, and Boxjzmann Ann. Jnhelhd. 1828, 28) has shown that tho formula 



where A and B are constants to be detennined by experiment, agrees very closely 
with tho results of observation. From measurements by Stefan {Pogg. Ann. exxii. 631) 
and V. Lang {ihid. clvi. 422), on the rotatory power of quartz for the several lines of 
tho sped rum, Boltzmann has calculated the formula 

7*07018 0 149^ 

“ 10“.A* l‘o'**.\* 

which ditFers from tho ro.sults of observation only by hundredths of a degree. 

On comparing the angles of rotation for light of the refrangibility of several of 
the chief spectral lines iii different bodies, it is found that, besides the absolute 
differences of value for the same ray in different lx)dic8, there are also differences in 
tho relative val . 108 : in other words, the rotatory dispersive power is different 
for diflerent liodies. Thus taking the results of measurements of tho rotatory powers 
of a number of substances spccifi«l in the following table : — 

B C D E I* Q* 

Quartz ... 1mm. 15*5.5® 17*22® 21-67° 27*46® 32-^9 42*37° 

Cane-sugar . . [a] 47*56 62*70 66-41 84*56 101 18 131-96 

Cholic acid . . | a] 28*2 30*1 33-9 44*7 62 7 67*7 * 

Cholesterin . . [a] -20-63 25*54 31-69 39-91 48-65 62*37 

French turpentine oil . alOOmm. — 21*5 23'4 29*3 36 8 43 6 .5.5*9 

Lemon oil. . . allOmni. 34*0 37*9 48*6 63*3 77*5 106-0 

and calculating tho ratios of tlie rotation of rays of the refrangibility of the lines 
C D E F G- to that for tho line B, tlio results exhibited in the following tiblo are 
obtained : — 



B 

C 

D 

E 

F 

G 

Quartz 

. 1 

1-11 

1-39 

1-77 

2-10 

2-72 

(lane-sugar . 

. 1 

Ml 

1-40 

1-78 

213 

2-77 

Cholic acid . 

. 1 

1-07 

1-20 

l-,59 

1-87 

2-40 

Cholesterin . 

. 1 

1-24 

1*53 

1-93 

2-36 

3-02 

French turpentine oil . 

. 1 

1-09 

1-36 

1-71 

2-03 

2-60 

Lemon oil . 

. 1 

Ml 

1-43 

1-86 

2-28 

3-12 


Hoppo-Seyler has det(*rminod tho specific rotitory power of dextroglucoso for 
light of the refrangibility of the C, ’l), E, and F lines with the following results : — 

[ale ^*3,, Wk Wp 

42-45 53-45 67*9 81-3 

and dividing these by the rotatory power of 1 mm. of quartz, the following ratios are 
obtained ; — 

2-46 2-47 2-47 2*49 

These numbers show- that quartz, cane-sugar, and dextroglucose have equal 
rotatory dispersive powers, wlioreas in other bodies the rotatory dispersion is either 
greater or loss than in quartz. This circumstance is of importance with regard to the 
use of the 8oleil sacelmrimoter (iii. 674), the construction of which is based on the 
assumption of the equality of dispersion of the substance under examination with that 
of quartz ; and as this appears to bo the case only with cane-sugar and dextroglucose, 
it follows that tho rotatory pow-ers of other bodies cannot be exactly determined with 
this form of instrument. 

Anomalmis Botatory Dispersion . — Tartaric acid in both its modifications offer.s a 
remarkable oxcoption to the rule above stated that tho deviation which a polarised 
ray undergoes in its ])assMge through an optically active substance is greater the 
shorter its wave-length. This was first observed by Biol, but i\rndtsen established 
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the law of the phenomenon (Ann. Chim. Phys. [3], liv, 416). The rotatory power of 
tartaric acid in aqueous solution varies greatly with the concentration, but in such a 
manner that it ,may be represented by the linear equation 

[a] ~ A + Be, 

where e is the percentage of water present. From experiments with solutions con- 
taining from 5 to 50 per cent, of the dcxtro-acid, Arndtsen has deduced the following 
values of A and B for light of the refrangibility of the lines C, D, E, b, F, e. 


[a] 

G 

+ 2-748® 

+ 

9*446° 

ol 

D — 

1-950 

+ 

13-030 

®] 

a “ 

•153 


17*614 

a 

b = 

- -832 

+ 

19-147 

.«] 

r — 

- 3-698 

+ 

23-977 

w 

e = 

- 9‘667 

+ 

31-437 


The results are represented graphiciilly in the following table : — 



It will be noticed that solutions containing not less than about 85 per cent, of water 
exhibit a normal behaviour, exorcising a maximum rotatory effect on the most re- 
frangible rays, but that as the concentration increases, the point of maximum effect 
gradually passes to the other end of the spectnim, the most refrangible rays being the 
least rotated by a solution containing about 55 per cent, of the acid. Evidently the 
lines e e, F F, and E E, if prolonged, would cut the base line at a point between 0 and 
50 : in other words, rays of these refrangibilities would suffer laevorotation in their 
passage through highly concentrated solutions of dextrotartaric acid. The rotatory 
power of the acid itself may be calculated to be as follows : 

C D E b P o 

[o] == + 2-748® 1-960® -153® --832® -3-698® -9-667®. 

Solutions to which only a very small amount of boric acid has been added, or 
heated solutions, Uo not exhibit the above-described anomalous behaviour (Biot; 
Krecke). 

Two optically active, chemically indifferent bodies of opposite rotatory power, 
having different rotatory dispersive 'powers, if mixed in certain proportions, would (as 
Biot has shown for a solution of dextrorotatory camphor in lavorotatorjr turpentine 
oil) exhibit phenomena similar to those manifested by tartaric acid solutions; hence 
the most probable explanation of the anomalous rotatory dispersive power of solutions 
of UiTtaric acid vrould appear to be' that they contain, besides the acid, a compound of 
opposite rotatory power of the acid with water, in proportions varying according to the 
concentration and temperature of the solutions, 

Znfluenoe of Temperature on Itotatory Power. According to Tuchschmid 
(J. pr, Chem. [2], ii. 235), the specific rotatory power of cane-sugar in aqueous solution 
is not affected by alterations of temperature ; the same is true of the specific rotatory 
power of camphor in alcoholic solution (ibid), but the specific rotatory power of the 
majority of substances varies with the tomperjiturc, and most frequently diminishes 
as the temperature rises; Isevulose is a notable example of this kind of alteration. 
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Qernez has investigated the alteration in specific rotatory power with rise of tem- 
perature of a number of terpenes and of camphor, and has extended his observations 
to temperatures above their boiling points. The results obtained for French turpentine 
and camphor are exhibited in the following table (Ann, scient. de V Boole norm. mp. 


'J'oiii])cra' urc 

Density 
referred 
to water 
d 

Observed 

angnlar 

deviation 

a 

Lcn^h 

tube 

1 

Bp. rot. power 

w=aa 



French Turpentine Oil. 




( 11° 

•8712 

15*97° 

•5018 

36*53 

Liquid 

. i 98° 

•7996 

14*47° 

•50215 

36*04 


(154° 

•7506 

13*60° 

•60237 

36*81 

Vapour 

168° 

•003987 

6-76“ 

40-61 

35*49 


Vapour-density at 168° 4‘981. Theoretical density, 4*700. 



Camphor, 



Fused 

204° 

•812 

31-46° 

•5509 

70*33 

Vapour 

. . 220° 

•003843 

10*98° 

40*63 

70*31 


Vapov.r-density at 220° =* 5*369. Theoretical density, 5*252. I 


These results are of especial importance, as they prove that the rotatory power of 
substances such as the terpenes is a property of t^ individual molecules, so that the 
optical differences between the various terpenes cannot be supposed to bo due their 
consisting of iiggrogates of different degrees of complexity. 

Tartaric acid in aqueous solution exhibits a considerable increase of rotatory power 
with rise of temperature (Tuchschmid, loo. cit , ; Krocki, Arch. Necrland^ vii. 97). The 
following results of a series of observations with three different solutions have been 
published by Krecke : 


Temperature 

Percentage of tartaric acid. 





40 

20 

10 

0° 

[a]u=. 5*53° 

[e]D= s-ee® 

[«1b - o-gs® 

10 

7*49 

9*96 

10*94 

20 

8*32 

11*67 

12*25 

30 

9*62 

12*49 

13*93 

40 

11*03 

13*65 

15*68 

50 

12*27 

15*01 

17*11 

60 

12*63 1 

16-18 

18*31 

70 

13*38 ’ 

17*16 

19*42 

80 

14*27 

18*40 

20*72 

90 

15*91 

19*99 

. 22*22 

100 

17*66 

21-48 

23*79 


According to Biot, whereas fused liquid tartaric acid has a considerable dextro* 
rotatory power, the solidified acid is feebly Isevorotatory. 

lallaenoe of neutral solvents and of optically Inactive substances on 
the rotatory power. Biot was originally led, by the investigation of the rotatory 
power of cane-sugar, to the conclusion that the rotatory powder of a solution of an active 
substance in an inactive medium was directly proportional to the amount of active 
substance present. In 1838, however, he discovered the exceptional behaviour of 
tartaric acid, and in 1 852 ho showed that the specific rotatory power of oil of turpen- 
tine dissolved in alcohol increased, while that of camphor dissolved in alcohol or acetic 
acid diminished, on increased dilution ; also that the specific rotatory power of 
camphor deduced from observations with an alcoholic solution did not agre^e with 
that deduced from observations with an equally concentrated acetic acid solution 
(Ann. Chim. Ph^s, [3], xxxvi. 257 ; comp. ibid. lix. 206). The modifying influence of 
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neutral solyents does not appear to have been generally recognised until Oudemanns 
in 1872 {Liebig s Annalen, clxvi. 65) and Hesse in 1875 clzxvi. 89, 189) again 
directed attefition to the subject. 

The results of Oudemanns are given in tlie following table, in which p denotes the 
ratio of the we^ght of the dissolved substance to that of the solution ; and [a] the 
specific rotatory power (see p. 1210). The numbers show that difierent substances 
are afiTected by the same solvent in very different degrees. 


Substance 

SDlvent 

—7 

P 

i 

[«] 

Cane-sugar 

Water .... 

QOi56 

+ 66*9° 


Alcohol, 50 per cent. 

0050 

+ 66-4 

Light Oil of Cubebs . 

uninixed .... 



-- 40*8 


Alcohol .... 

0*061 

- 41*6 


Benzene .... 

0*060 

- 41*6 


Chloroform 

0*075 

- 41-7 

Cinchonine 

Alcohol .... 

0*006 to 0 008 

■4 228 


Chloroform 

0 004 to 0*005 

-4212 

Cinchonine Sulphate . 

Water .... 

0014 

-4 16!) 

„ II • • 

Alcohol .... 

0023 

-4 191 


»!•••• 

0 055 

-4 193 

Cinchonine Nitrate . 

Water .... 

0020 

- 154 


Alcohol .... 

0 * 0;2 

-4 172 

Cinclioninc Hydrochloride 

Water .... 

0016 

-4 162 

II II 

• • • • 

0 026 

■4 158 

II II 

>9 • • • • 

0*031 

-4 156 

M II 

Alcohol, 93 per cent. 

0*054 

■4 175 

Brucijic • . , , 

„ . . . . 

0 054 

- 35 

M • • ^ • 

Chloroform . • . 

0*019 

-127 


« 

0049 

-119 

Podocarpic Acid 

^Alcohol 

0*04 

+ 136 

II 11 • • 

„ 93 per cent. 

009 

+ 136 

II II • • 

Ether .... 

0*04 

-H 130 

II II • ♦ 

11 .... 

007 

■4 130 

Sodium Podocarpatc . 

Water .... 

0*016 

■4 82 

II M • • 

II .... 

0*064 

■4 79 

II II • • 

11 .... 

0*138 

+ 73 

II II • • 

Alcohol .... 

0*09 

-4 86 

Phlorizin .... 

,, • . . . 

0*046 

•4 52 

II .... 

Wood-spirit 

0*039 

-4 52 


Mixtures of two solvents may modify the specific rotatory power in a manner 
quite different from what might be expected from their action when separate. In an 
alcoholic solution of cinchonine, al)Out half the alcohol may be replaced by chloroform 
without any considerable alteration of the rotatory powder, whereas in a solution of 
cinchonine in chloroform the replacement of only, jjijj of that solvent by alcohol pro- 
duces a difference of 4° in the specific rotatory power. This power is at its maximum 
(o=237'3®) when the solvent consists of a mixture of 10 per cent, alcohol and 90 
chloroform. These facts show the great care which is necessary in experiments of 
this kind, to ensure the perfect purity of the solvents used. All the bodies examined 
by Oudemanns exhibited the greatest rotatory power in those solvents in which they 
dissolved most abundantly. 

Hesse’s observations, extending to over /)0 substances lead to precisely similar 
conclusions. For example, the following maximum and minimum values of [a]j were 
found on examining solutions in various media of equal weights of the substances 
specified. 

Elaborate observations on the influence of inactive solvents have also been made 
by Landolt {Liebig's Annalcn, clxxxix. 241-337 ; Devi. Chem. Ges. Ber. ix. 901-914). 
This chemist has stfited that a solution of tartaric acid inmethylic alcohol is optically 
inactive {ibid. vi. 1078). 

Tollens and Schmitz {Dcut. Chan. Ges. Ber. x. 1403, 1414) haA^e shown that the 
specific rotatory power of cane-sugar slightly increases, while, according to Tollens 
{ibid. ix. 1531), that of dextrose diminishes in a somewhat greater proportion witb 
increased dilution. 
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Maximum 

Miiiiuium 

Diffurouce 

Tartaric Acid .... 

+ 14-180 

+ 3-20'' 

10-980 

Quinic Acid .... 

- 44-09 

- 39-20 ' 

4-89 

Santonine .... 

— 170 AO 

-171-53 

4-97 

Codeine 

- 137-75 

-111-50 

26-25 

Laudanosine .... 

-105-00 

- 56 00 

4900 

Quinine 

- 169-25 

-11600 

53-25 

Cinchonidine .... 

-119 54 

- 83-86 

35-88 

Cinchonine .... 

+ 237-27 

+ 226-48 

10-79 


Acids, alkalis, and mincml salts also iu many cases greatly modify the rotatory 
power of active substances when added to their aqueous solutions. Thus mannite, 
which alone in an aqueous solution exercises a very slight .Imvorotiitory effect, mani- 
fests a considerably greater Ifevorotatory power in presence of alkalis ; acids have no 
influence, but it becomes dextrorotatory on the addition of borax, sodium chloride, or 
sodium sulphate. An aqueous solution of calcium doxtrotartrate is dextrorotatoiy, 
but' if this salt be dissolved in hydrochloric acid, a hevorotatory solution is obtainiMj. 
The rotatory power of tartaric acid is considerably increased by the addition of borax 
or boric acid, but diminished by the addition of hydrochloric or sulphuric acid. Many 
other similar cases of alteration in rotatory power have been observed (comp. Landolt, 
op. cit.) 

Definition of Specific Rotatory Power. Apparent and Absolute 
Specific Rotatory Power. The specific rotatory power [a] of a substance for 
light of any particular refrangibility, according to Ibot’s definition, is the angular 
deviation imparted to the ray observed by a column of unit length and density, and is 
expressed by the formula 



whore a is the observed angle, I the length of column — the decimeter being taken as 
the unit of length, and d the density of the substance : or. in other words, if the 
density be referred to water at 4®, the specific rotatory power is the angular deviation 
pnxluced by a layer 1 decim. in length of a substance of which 1 gram occupies a 
volume of 1 c.c. 

This formula, however, applies only to bodies which can bo examined per se; if a 
solution of an active substance in an inactive solvent be employed for the determination, 
the specific rotatory power is deduced with the aid of the formula 


[«] 


a 

I . e . d* 


whore e is the amount of active .substance in a unit of weight of solution, and d the 
density of the solution. If, as is froquenlly done, the amount of active subsUince in 
100 parts by weight of the solution bo determined, indicating this hy p, the formula 
becomes 


[«] 


100 tt 

I . p . d’ 


But from the remarks made in the previous section it will bo obvious that the specific 
rotatory power determined in this manner is not that of the suhstance itself, the specific 
rotatory power being in fact more or less modified by the association of the active sub- 
stance with the inactive solvent, and the value obtained is applicable only to the 
solution of the particular strength and character observed. The value appertaining 
to the substance itself may be termed the ahsolute. or tyrue specific rofaiory power^ or 
simply the specific rotatory pow'er; that appertaining to the substance in solution may 
in contradistinction be termed the apparent specific rotatory power. It may not 
be here out of place to insist on the fact that the former alone is a constant, and the 
only one which can be employed in the discussion of possible relations in rotatory 
power between optically active bodies. 

In determining the apparent specific roUtory pow’er, since pd — c, i.e. the concen- 
tration or number of grams of active substance in 100 c.c, of solution, the simpler 
formula 


[«] = 


l^a 
/ 0 


is often employed. 
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The observed angular deviation is always indicated by the symbol a, the sj^ific 
rotatory power by the symbol [o], the nature of the light for which the observation is 
made being represented by the index n, &c. ; r applies to observations made with 
light which has passed through red glass, the use of which is now entirely abandoned ; 
; applies to observations with the Meil saccharimeter, where medium yellow light 
^aune mopen) is employed ; d indicates that light of the refrangibility of the d line 
is employed. 

Tollens has suggested that the apparent specific rotatory power of a substance in 
a 10 per cent, solution should be termed the conventional specific rotatory power, and 
indicated by the symbol [a]ini) i that if so concentrated a solution cannot be 
obtained, a 5 or 2 per cent, solution should be employed, and the fact'indicated by the 
use of the symbol [ajsn or {fieiit. Chem, Ges. Ber. x. 1412). ^ 

Kachler suggests (Luhiga Annalen, cxlvii. 88) that the rotatory power should be 
determined for solutions containing per litre a molecular proportion in grams of the 
respective active substances ; inasmuch, however, as the rotatory power is not inde- 
pendent of the concentration, and the same solvent modifies the rotatory power of 
different bodies to very different extents, the advantage which such a proceeding offers 
of comparing the effects of equal numbers of molecules of the active substances is 
more apparent than real. 

Determination of Absolute Specific Ttotatory Bower . — The mode of ascertaining 
the absolute specific rotatory power of bodies which cannot be examined per se, was 
first indicated by Biot (Ann. Chim. Phys. [3], xxviii. 236), but we are indebted to 
Landolt for a rigorous experimental examination of Biot’s method (Liehig*s Annalen^ 
clxxxix. 241-337 ; Deid. Chem. Ges. Her. ix. 901-914; op. cit. pp. 60-89). It consists 
in determining the apparent specific rotatory {)ower for a series of solutions of various 
degrees of concentration, and thus ascertsuning the influence of the solvent; the 
equation expressing the relation between the percentage of solvent q and the corre- 
sponding values of [a] is then sought, and this equation gives the value of [a], 
answering^ to = 0. 

Liindoit has determined the values of [a]® for American and French turpentine 
oils, ethyl dextrotartrate, and nicotine, from observations with the pure substances as 
well as with a number of their sol’itions, with the following results : 


Ethyl Dextrotartrate, 

Direct observation 

From observation of mixtures with ethyl alcohol . 

„ „ „ methyl • 

„ ,, ,, water . . 


•Difference 

[a]|,= 8-31® -*04® 

8-27 +*11 

8*42 ^-22 

8*09 


Dextrorotatory Oil of Turpentvic, 

Direct observation 14'lt5 +*02 

From observation of mixtures with ethyl alcohol . . 14*87 


Lavorotaiory Oil of Turpentine. 


Direct observation 

From observation of mixtures with alcohol 

„ ,, ,, benzene . 

„ „ „ acetic acid . 


Nicotine (Imvorotaiory), 

Direct observation 

From observation of mixtures with alcohol . 


water 


37*01 

36*97 

36*97 

36-89 


161*65 

160*83 

161*29 


-•04 

-*04 

-•12 


-•72 

-•26 


It will be observed that the values deduced from observations of the solutions are 
practically identical with those furnished by the pure substances. 

The successful application of this niethod, however, depends on a variety of cir- 
cumstances, and especially on the solubility of the substance and the manner in which 
the rotatory power is modified by the solvent. Landolt’s experiments with the above- 
named liquids show that if the variation in rotatory power can be expressed with 
sufficient accuracy by a linear equation fa] = A + Bg, extremely concordant results are 
obtained when the most concentrated solution examined contains no more than 50 per 
cent, of active substance ; but that if it be necessary to employ an equation of the 
form 

[a] « A + Eg + Cg*, 
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the Totatoiy power thus determined differs by more than a degree from that observed 
for the pure substance if the amount of extrapolation exceed 50 per cent., and in such 
a case accurate results can be obtained only if solutions containing at least 80 per 
cent, of active substance are examined. Thus in the case of h'rench oil of turpentine, 
the value of A — the rotatory power of the pure substance — as deduced from various 
solutions, differs from the value 37*01° directly observed for the pure substance to the 
extent shown m the following table : 


Solvent 

Amount of 
extrai)o]ation 

A 

Difference from true 
value 37*01 

Alcohol 1 

! Benzene . . . . j 

I Acetic Acid . . . . | 

30 per cent 

50 „ 

36 „ 

63 „ 

22 

49 „ 

37*20® 

36*16 

37-26 

35*42 

36*65 

86*00 

+ *19 
-1*88 
+ *25 
-1*69 
- *36 
-1*01 


When, as in the case of nicotine dissolved in water, the rotatory power is very 
considerably modified by the solvent, and the curve representing the variation is 
hyperbolic, the absolute specific rotatory power can be calculated, with any approach 
to accuracy, only from observations with the most concentrated solutions, by an 
equation of the form [a] = A 4 + C}® ; thus the value of [a]» calculated from obser- 

vations with thi je solutions containing respectively about 90, 78, and 66 per cent, of 
nicotine is 163*17, the true value being 161*55. The equation to the entire curve for 
nicotine and water is as follows : 


[o]d « 115*019 - 1*70607? + a/2140*» - 108*867? + 2*5572?®. 

For pure nicotine (?=» 0) this give?? the value [o]d= 161*29, that directly observed being 
161*55®, For ?=:100, the value of [aln is 74*13, so that the rotatory power of * 
nicotine is diminished by more than one-half by gre^^t dilution. 

In practice it is, therefore, necessary in the first place to select the solvent in 
which the substance to be examined most readily dissolves, and at least three solutions 
of different degrees of concentration are then examined. If, on representing the results 
graphically, making the percentages of solvent ? the abscissae and the corresponding 
values of [a] the ordinates, the three points of intersection are found to lie in the 
same straight line, the linear equation [o] = A + B? capable of expressing the observa- 
tions is calculated, and the constant A in this equation will be the specific rotatory 
power of the pure substance. If, however, the three points do not lie in the same 
straight line, further observations must be made in order to establish the character of 
the curve as completely as possible, and the equation to the curve is then sought. It 
is always desirable to examine solutions of the substance in a variety of media ; if 
the values of A are fairly concordant, their mean is taken as the true value ; but if 
they exhibit considerable discrepancies, the determination of the specific rotatory 
power in this manner must bo abandoned. It appears to be useless to attempt the 
application of the method to substances of which solutions containing at least 50 per 
cent, of active substance aiiinot be prepared. 

Landolt has determined the dbsolute specific rotatory power of camphor in this 
way (see p. 374), and Tollcns has applied the method to dextroglucose and cane- 
sugar, the absolute specific rotatory power of the latter having alsb been determined 
by Schmitz (see pp. 1206, 1211). These are the only solid substances of which the 
absolute specific rotatory power is at present known. 

Molecular JRotatory Power, — F. W. Krecke {J. pr. Chem, [2], v. 6) has made an 
extensive series of experiments on the effect of chemical combination on the molecular 
potatory power {i.e. the product of the specific rotatory power * and the molecular 
weight) of organic bodies, and on the relations of molecular rotatory power in iso- 
meric and allied bodies, from which he deduces the following conclusions : (1). 'V^hen 
an optically active carbon-compound combines with an inactive body, or when it is 
modified by chemical reagents, the molecular rotatory power either remains unaltered, 
or is increased to a simple multiple of that of the primitive substance (see Tartaric 


• In order to slinplifr the comparison of the numbers, Krecke, however, adopts the millimeter 
instead of the decimeter as the unit of length ; the molecular rotatory power is theiefore expressed by 
theformulBw 


[m] B 


100 ' 


where m Is the molecular weight. 
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aeid^ p. 12 i9). (2). The molecular rotatory powers of isomeric bodies are multiples 
of one and the same number. 

Krecke’s corfclusions are based, howoyer, on the comparison of the apparent specific 
rotatory powers of tho various substances, and little weight, therefore, can be attached 
to them. Ho points out tliat whereas tho molecular rotatory powers of the various 
carbohydrates of the cane-sugar group are multiples of the mean factor 24*9, the 
molecular rotsitory powers of tho allied carbohydrates of the dextrose group are in 
like 'manner multiples of a moan factor w'hich is about twice as great((48't)). It is 
noteworthy that the molecular rotatory powers of dextrose and cane-sugar calculated 
from Tollens’s determination of tho absolute specific rotiitory powers of these bodies 
are approximately related in a somewhat similar manner, thus : ^ 

68*70 
63*90 

105*6 = 21*1 X 6 

218*8 = 20*8 X 10. 

Theory of the Constitution of Optically Active Bodies. Of the three 
classes of crystalline circularly polarising bodies, nearly all thoso of the first class 
(vii. 748) ocenr in enantiomorphons hemihedral or tetartohedral forms;* 
and since bodies of this class are destitute of optical activity in themmorphous and 
liquid states, tho property of circular polarisation must bo ascribed to a peculiar 
arrangement of the molecules composing tho crystals and not to any speciality of 
constitution of tho molecules themselves. The constant correlation of tho position of 
the hemihedral faces on the crystal and the direction in which the plane of polarisation 
is deflected by a substance, led Pasteur to infer that tho molecules are arranged in 
such crystals in a riglit or left-hand spiral, a view fvhich has been adopted by Ram- 
molsberg and others, and has received much support from Sohneke’s recent observations 
{Pogg. Ann. Erg. Bd. viii. 16) tha"/ by arranging a number of thin plates of optically 
biaxial mica so that tho principal section of each plate is equally inclined (by an 
angle of 45®, 60®, 90®, or 120°) to that of the previous plate, a combination may be 
obtained which behaves like an optically active crystal, rotating the plane of polarisa- 
tion either to the right or to the left according to tho direction in which tlie combina- 
tion is arranged. 

Pasteur also inferred ster la dissymetriemoUculaire dcs produitsorganigues 

naluteU. Le^*ons de Chiinie professecs en 1860, Paris, 1861), that a similar want of 
symmetry or oppo.sition of structure characterises tho molecules themselves of bodies 
which are optically active in* the amorphous or liquid but not in the crystalline state, f 
and more recently this hypothesis has been further developed by Le Bel and van* 
t Hoff, who have gone so far as to point out the special character in constitution of 
optically active bodies. 

According to Le Bel Soc. Chim. [2], xxii. 337), if in a compound of the 

form MA\ where M is a simple or compound radicle associated with four replaceable 
monad atoms A, threo of the four atoms A are replaced by three dissimilar monad 
radicles, simple or compound, the resulting molecule will be un symmetrical, and as 
such will manifest the power of causing circular poLarisation, provided (1) that in* the 
original molecule t^le four groups A arc not all disposed in a single piano of symmetry; 
and (2) that tho group introduced in place of the third .atom A is not of the same 
composition as the entire group with which it becomes associutod ; in this case, the 
compound will be inactive if the two equal ^oups exercise an opposite effect on 
polarised light. Thus in inactive tartaric acid it may bo supposed that the two groups 
CH(OH).OOOH are of opposite activity, and hence neutralise each other, whereas in 
the dextro- and Isevo-rotatory acids they are identical and their effects are added. Le 


Dextrose fo]^ = 
Cane-sugar [aj^ = 

hence 

Dextrose [/a],, 

Cane-sugar [jaju 


58*7 X 180 
i66 ■ 

63*9 X 342 


« According to Groth -dan. cxxxvii. 433), we are entitled to assame that all such bodies ate 
subject to enantiomorpbous hemibedry or ictartohedry. Pasteur's researches (Ann. Chim, Phjft^ [8], 
xxxviii. 437) have, in fact, shown that many comixjuncls of the second Icloss, which under ordinoiy 
circiimstanoes exhibit no signs of bemihediy,inny bn caused to furnish crystals with hemihedral feces 
by slightly modifying the conditions. Thus acid cajeium malato, which invariably separates from a 
pure aqueous solution in holohc^^lral forms derived frbm a right rhombic prism, at-once exhibits faeml- 
hedral feces if crystallised from weak nitric acid. 

t Tho bodies which, like tjirtarlc acid, are optuMlly active only in the amori)hous condition or in 
solution, are all optically biaxial, and, os Landolt poiiiti out (op. cit,), there is no direc^'tiun in wlilch 
such crystals are single-refracting, so that the circular double refraction is masked by the much 
stronger ordinary double refraction. It is not therefore conclusively proved that they are inactive ia 
the crystalline state. 
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Bel points out that the constitution of the saturated compounds of the fatty series which 
are optically active, is such that in all cases the conditions of his hypothesis are satisfied. 

The same idea has been more fully worked. out and applied to numerous examples 
by van’ t Hoff in connection with his hypothesis of the orientation of atoms in space 
(see ^e article Isomerism in this volume, p. 1136). 

According to this hypothesis, a body of the type CR* may be represented by a 
tetrahedron having the four radicles R, simple or compound, situat^ at the four 
summits and the carbon-atom in the middle ; and if these four radicles are all different, 
they will, in consequence of unequal attraction, be situated at different distances from 
the carbon-atom, so that the compound CRiR^RgR^ will form an irregular tetrahedron 
having no planet of symmetry and capable of exhibiting enantiomorphous forms. 
Moreover, two tetrahedrons thus related exhibit, in relation to an axis drawn parallel 
to the corresponding edges, a screw-shaped* grouping of the four summits, turning to 
the right in one form and to the left in the other. A carbon-atom thus united with 
four different radicles — called by van’ t Hoff ‘asymmetric’ — may therefore give 
rise to optical activity, and to the production of two modifications possessing equal 
and opposite rotatory power. A comparison of the formulae of those optically active 
compounds derived from the paraffins, whose constitution is well established, shows 
that they all contiiin one or more asymmetric carbon-atoms, as will be evident from 
the examples given in the following table in which the asymmetric carbon-atoms are 
denoted by italic C's : 

G* group. 

Lactic acid CH»— CHCOH)— COOH 


Malic acid 
Malamide 
Aspartic acid 
Asparagine . 
Tartaric acid . 
Tartramido . 


Secondary Butyl carbinol 
Methylethylacetic acid . 
Hydroxyglutaric acid . 
Glutamic acid 


C* group. 

. COOH— CH*— CH(OH)-COOH 

CONH*— CH*— CH(OH)— COOH 
COOH— OH*— CHCNH*)- COOH 
CONH*— CH*~(7H(NH*)— CaOH 
COqH-~t?H(OH)-:-C^H(OH)— COOH 
CONla*— OHCOH^-CHCOH)— CONH'^ 

C* group 

CH»-~CH*— C'H(CH*)~CH*OH 
CH*— OH*— C'H(CH»)-COOH 
COOH— CH*— CH*— CHOH— COOH 
COOH— CH*— CH*— CHNH*-COOH 


C® group. 


Secondary Butylacetic acid . 

Mhnnitol 

Glucose 

Saccharic acid .... 
Phenylhydroxyacetic (mandelic) acid 


CH®— CH*— CH(CH>)— CH*— COOH 
CH*OH— (CHOH)«— CH*OH 
CH*OH— (CHOH)®— COH 
COOH— (CHOH)^— COOH 
C®H®— CHOH— COOH 


Two other interesting examples mayjbe quoted, viz. quercitol and quinic acid. These 
compounds are very probably derivatives of a closed-chain hydrocarbon of the formula 
C®H**, derived from benzene, and if they are thus represented, it will be obvious that 
the groups aro unsymmetrically arranged relatively to a plane of symmetry containing 
two of the hydroxyl groups : , 


CH* OHOH CHOH 



Quercitol (?) Quinic acid (?) 

The carbohydrates of the cane-sugar group and those of the empirical formula 
OH>®0®, which are all closely allied in constitution to the glucoses, but of greater 
molecular complexity, as well as the glucorides, are undoubtedly to be represented by 
fonnulm containing asymmetric carbon-atoms ; and it is highly probable that this 
will also be found to be the case when the rational formulae of the terpenes, camphors, 
alkaloids, albuminoids, and other complex optically active bodies become known. 

There is nothing to indicate whether the mere presence of an asymmetric carbon- 
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atom in a compound is sufScient to endue it with optical activity, or whether it is 
necessary that the radicles associated with the asymmetric carbon-atom should be of 
a particular character. Different radicles evidently exert very different effects ; no 
more striking example of this can be found than that afforded by so-called tartar- 
emetic, K(SbO)C^H^O*, as compared with the other metallic tartrates (see Tabtabic 
Acid, p. 1219). 

A compound of unsymmetrical formula containing n asymmetric carbon-atoms 
may exist in (2**) isomeric modifications (p. 1 1 38). Thus a compound of the form 
C7(BiIl2Rs)C7(K4R5 — B*) may exist in the four modifications indicated ny the symbol 

+B +B -B -B 

Bepresenting the rotatory power of the group A by the symbol + A or -A, and that 
of the group B by +B or — B, the rotatory power of each of these modifications will 
be as follows : 

1)A + B 2)-A + B 3)A-B 4)--A-B 

Hence 1) and 4) and 2) and 3) will have equal but opposite rotatory powers. In a 
similar manner it may be shown that, always in the case of compounds of unsym- 
metrical formula, one half the isomerides are of equal but opposite rotatory power to 
the other half. 

In the case of a compound of symmetrical formula containing two asymmetric 
carbon-atoms, three modifications are possible (p. 1138), the rotatory powers of which 
are as follows : 

1)A + A = 2A 2)A-A = 0 3)-A~i<'=2 (-A) 

Two only of the three modifications of such a compound will therefore manifest optical 
activity, the third being inactive owing to what may conveniently be termed ' internal 
compensation ; * and of this wo have a most striking example in the three tartaric 
acids— dextro-, laevo-, and mcsotartaric acid — which may be regarded as the throe 
possible modifications of the compound of the formula 

COOH— CHOH-COOH. 

Bacemic acid, if a definite compound, has at least double the molecular weight of 
tartaric acid. Berthelot and Jungfleisch’s experiments (An?i. Chim. Phys. [5], iv. 
147) render it probable that mere dissolution in water decomposes it into dextro- and 
Imvotartaric acid. But whatever may be its nature, its inactivity is readily accounted 
for, since it consists of equal amounts of the two acids of equal but opposite activity. 
The inactivity of bodies which, like racemic acid, are readily formed by the mere 
admixture of two active substances, or which are resolved into inactive substances 
by similar — and almost by mechanical — means, may conveniently bo said to arise 
from * external compensation.’ 

A large number of bodies are represented by formulae indicating that they contain 
asymmetric carbon-atoms, but, nevertheless, they appear to be destitute of optical 
activity. From the preceding remarks it will be obvious that this may be the result 
of either ‘ internal ’ or ‘ external ’ compensation. Moreover many substances have 
been not at all, or but very imperfectly, examined with regard to their power of 
deflecting polarised rays, and their rotatory power may bo so slight, or so difficult to 
observe on account of sparing solubility, that it has hitherto been overlooked. 

Both Le Bel and van’ t Hoff have pointed out that, if a body which does not contain 
an asymmetric carbon-atom is converted, either by substitution or addition, into a 
compound containing one or more asymmetric carbon-atoms, it is to be expected that 
isomerides of equal and opposite rotatory power will bo produced in equal quantities ; 
and, as a matter of fact, racemic and mesotartaric acids have been produced artificially 
in a number of ways, but neither of the active modifications has ever been obtained 
by synthetical means.* On the other hand, according to van’ t Hoff, there is little 
hope of obtaining an optically active body from a compound of symmetrical formula 
which is inactive through internal compensation, by destroying its symmetrical 
character. For example, crythritol, 

CH*OH— OHOH— OHOH— CH*OH, 

* Pasteur long ago showed that dextrotartaric acid was more readily destroyed than laavotartaric 
acid by certain minute organisms (Penicillium glavcum), a solution of racemic add in which they 
w'cre contained soon acquiring, a Iccvorotatory power. In a similar manner, according to Tie Bd, the 
Inactive alcohol obtained by distilling Levorotatory fermentation amylic fdcohol with sodium hydrate, 
yields dextrorotatory amylic alcohol when submitted to the action of Penicillium. As this article is 
passing through the press, Le Bel announces that it is possible also to obtain in this way an optically 
active (Isevorotatory) methylpropylcarbinul from the optically inactive metbylpropylcarbinol prepared 
by reducing metbylpropyl ketone {Compt. i‘end. Ixxxix. 812). 
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may be converted, by distillation with formic acid, into the glycol 
CH^OH— CHOH— CH=:rOH*. 

und as this is a body of iinsymmetrical formula, and contains an asymmetric carbon- 
atom, it should bo optically active. But it is probable that while the group A of a 
certsiin number of erythritol molecules would be attacked, the group — A of an equal 
number of other molecules would undergo a similar change, and ©msequontly the 
product would 1 0 an inactive mixture of bodies of equal but opposite rotatory power ; 
thus 

2CH'^()H-CHOH— CHOH— CH^OH 


would give 


Cir*0II-0H0H-CH=:CH2 and CH^=CIl-CHOH— CH*OH 


Nevertheless there are a number of facts which appear to indicate that this may not 
always be the case. Thus mannitol, which probably is inactive in the pure state (see 
Miintz and Aubin, Ann, Chim. Phys. [6], x. 533), acquires a considerable dextro- 
rotatory power in presence of bone acid or borax, but is Imvoretatory in presence 
of alkalis; and tlio dichlorhydrin, C“lI'*Cl*(OH)‘, obtained by heating it with hydro- 
chloric acid is laworotatory. Mannitol, however, is in many respects peculiar ; if its 
inactivity is to be ascribed to ' internal compensation, a symmetrical alteration in its 
composition should not have the effect of converting it into an optically active body ; 
but, as a matter of fact, mannite lu^xacetate, hexnitrate, and hexsulphate («7.^r. Chem. 
[2|, XX. 13) manifest considerable dextrorobitory power. The examination of the 
mannitol regenerated from those compounds appears desirable. 

Mannitol is m^t the only substance whoso behaviour is in some respects difficult to 
harmonise with the hypotliesis under discussion. Thus malic acid, which in, a pure 
aqueous solution exhibits sliglit bnvorotation, acquires an increased laevorotatory 
power on the addition of boric acid, but its solutioA in nitric acid is dextrorotatoiy^ ; 
it cannot bo supposed, in explanation of these pheroinena, that, as in the case of 
mannite, the molecule consists of two symmetrical halves, A and — A, and that the 
rotatory power of the one half is influenced by the boric acid and that of the other 
half by the nitric acid, since malic acid, COOH — CH* — CIIOH — COOII, contains 
only a single asymmetric carbon -atom. Again, asparagine and aspartic acid are 
dextrorotatory in acid solutions but laavorotatory in alkaline solutions. It is not easy 
to understand this bchavicjur on the hypothesis that they arc derived from a single 
molecule of succinic acid and therefore contain only a single asymmetric carbon-atom, 
and the difficulty remains even if it bo assumed that, as appears probable on other 
grounds, they are derived from a double molecule of succinic acid. Again, as already 
mentioned, the anomalous rotatory dispersive power of solutions of tartaric acid almost 
nocessittites the assumption that the acid forms a compound with water opposite to 
itself in rotatory power ; the formation of a body having a revorsod rotatory power as 
compared with that of the parent substiince from a compound like dextrotartaric aedd 
which, according to van’ t Hoff’s hypothesis has the constitution 2A, i,e. is composed 
of two similar dextrorotatory groujis. is, however, not easy to understand. 

One of the most remarkable facts in connection with optically active substances is 
the readiness with which many of them undergo alteration in rotatory power. Thus 
tartaric acid, as Pasteur and Jungfleisch have shown, niay bo converted by mere 
heating into mesotartaric and racemic acid, and in tlie same way mesotartaric acid 
may be transformed into racemic acid. According to Montgolflor, the hydrogenation 
of camphor gives rise to two distinct camidiols of equal and opposite rotatory powers, 
both of which, however, give the same dextrocamphor on oxidation. In these cases 
the change produced m the direction of rotatory power persists as long as the com- 
pound is not destroyed, whereas in the cases above mentioned the change is dependent 
on the presence of another substance, and is in nowise perfect. 

Whether facts such as these we have mentioned can be satisfactorily explained in 
accordance with the Le Bel-van’ t Hoff hypothesis has yet to be shown ; the hypothesis 
appears, however, to be sufficiencljr in harmony with much of our knowledge to merit 
the most careful consideration. 


Speclflo Botatory Poweni of varloas Bodies. Quartz , — ^Tho following 
Vablo shows the angles of rotation (a) of the several spectral lines produced by a 
plate of quartz 1 mm. thick, according to the measurements of Stefan {Poqg, Ann, 
exxii. 631), and for the lithium, sodium, and thallium lines by v. La^ (iXirf. clvi. 
422) ; also the corresponding wave-lengths A, in ten-thoiisf-ndths of a millimeter, 

Vor.. YIIT, 4 
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B 

0 D 


E 

F (I 

H 

\ 6871 

6660 6888 

6269 

4860 4309 

3967 

a 15*66° " 

17*22° 21*67° 

27*46° 

32*69° 42*37° 

60*98° 

.. 

Li 


Na 

T1 



X 6703 

6888 

5346 



a 16*43° 

21*64° 

26*59° 


The values for the line D found by different observers are as follows *. 


Biot 

. 20*98° 

1 

1 Wild 


21*67° 

Broch . 

. 21*67±0*11 

V. Lang (at 13*3°) 

21*64 

Stefan . 

. 21*67 

! 

Soret a. I^rasin (at about 35°) 

21*80 


V. Lang has shown that the rotatory power of quartz increases with rise of tem- 
pernturo, and that the relative alteration is the same for afi colours : at 0^ the 
values are — 

Li Na Th 

Oo 16-402® 21*697° 26*633° 

and for any temperature i — 

at = ao(l+ 0*000149 0. 

According to later experiments by Sohneke (Amt. P/t//s. Chem. [2], iii. 616), the 
alteration caused by temperature is more correctly represented by the formula 

at = ao(l+ 0*0000999 ^ + 0*000000318 iJ*)* 

Soret a. Sarasin {Compt. rend. Ixxxi. 610) have measured the rotation produced 
by a plate of quartz for the ultra-violet rays as far as the line and have obtained 
values agreeing very nearly with Boltzmann’s formula (p. 1207). The absolute values 
are somewhat smaller than those formerly obtained by Stefiin (IVicii. Akad. IScr. 1. 88). 
The observations have been extended by Croullobois (Compt. rend. Ixxxi. 666) as far 
a.s 0, and subsequently by Soret a. Sarasin (jdjid. Ixxxi ii. 818) as far as B. 

Dithionates. — For the rotatory powers of the potassium, lead, strontium, and 
calcium salts, values have been obtained by K. Bichat (Bull, Soc. Chim. [2], xx. 436) 
agreeing very nearly with those determined by Pape (vii. 748). If the 
rotatory power of quartz be expressed by 100, those of the first three dithionates above 
mentioned will be 40, 24, and 8. 

Cinnamene. Tw’o specimens gave [o]d » — 3*1 and — 3*4. For solid 
meta-cinnamene [a]n=— 2*2 (Berthelot, Cmupt. rend, Ixxxii. 441; Ixxxv. 1191). 
Van’ t Hoff (Deut. Chem, Ges. Ber. ix. 5) maintains, however, that cinnamene has 
no rotatory power, and that the optical activity of that examined by Berthelot 
was duo to an impurity. 

Volatile Oils. These oils are for the most part mixtures of active and inactive 
constituents, so that their total rotatory power is the sum or difference of the rotatory 
powers of these constituents, modified by all the influences of solvents and other in- 
active substances above noticed. Moreover, the proportion of the several constituents 
often varies in the same oil, and chemical alterations may arise on keeping. All 
these circumstances influence the rotatory power, which is therefore by no means a 
trustworthy guide in distinguishing one volatile oil from another (Fliickiger, Arch, 
Pharm. [3], x. 193). 

Camphor. On the specific rotatory power of this substance in the solid state 
and in solution, see pp. 373, 374 ; of the Isomerides and Derivatives of Cami)hor and 
Gamphol : Moptgolfier (Ann. Chim, Phys. [6], xi v. 6-118; Chem. Soc. /.’xxxiv. 89 1 -903). 

Camphor or Stearopteno of Matico-oil. The crystals of this substance 
belong to the trapezo-tetartonedral division of the hexagonal system. The rotation of 
a ray passing tluraugh a plate 1 mm. thick parallel to tho axis is for rod, yellow, and 
green light as follows : 

Line LI Ka T1 

Rotation 1° 41’ 2° 4' 2° 28’ 

No decided rotation was observed in a concentrated solution (Hintzo, Pogg, Ann. 
clvii. 127). 

Amyl-compounds. See vol. vii, p. 62. 

Tartaric acid and Tartrates, — The influence of temperature on the rotatory 
power of these compounds has been ex 9 >mined by F. W. Krecke (Archiv. nkrl. vii. 97), 
who has obtained tho'following results : (1). The specific rotatory power increases, in 
the case of tartaric acid, for all rays of the spectrum, but in very different degrees in 
solutions of different concentration. If the value at 0°= 1, that at 100° for the rays, 

C D B b F 
is, in 50 per cent. Tartaric acid 2*3 2*6 2*7 3*1 3*4 

„ 40 ., 3*2 3*2 3*0 — 3*2 
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In the last case therefore it remains constant for the different colours ; in the 
first it increases with the rofrangibility. (2). In the 60 per cent, solution the line 
whose plane of polarisation is most turned round is situated, at 0® between D and E, 
at 25® close to E, and at 60® and higher temperatures it is advanced so far towards 
the violet, that in the experiments under consideration, it fell beyond the observed 
portion of the spectrum. The anomaly, peculiar to tartaric acid, of rotating the green 
rays more strongly tlian those either of greater or of lesser refrangibility, dis;ippears 
therefore with r’so of temperature and with progressive dilution. (3). The product 
of the specific rotatory power into the square of the wave-length which, according to 
Ifiot’s law (iii. G72), should be constant, increases from the red to the violet. (4). 
The tartrates of potassium, sodium, and ammonium, Rochelle salt, and tartar emetic 
follow Riot’s laws ; their rotatory power increases or diminishes with the temperature 
in various degrees. The mohmlar Witatoiy power of the salts, with the exception of 
tartar emetic, is nearly three times as great as that of tartaric acid in the dilute 
state. (6). In the salts examined, the product of the specific rotatory power into the 
square of the wave-length is a maximum for the green or for the yellow rays. 

Landolt (Ikut. Cheni. Gea. Her. vi. 1073) has also determined the molecular 
rotatory powers of a number of tartrates, and compared them with that of tartaric 
acid, for which he has calculated a new empirical formula representing the alteration 
of the specific rotatory power with the concentration. If [a]j, denote the specific 
rotatory power for the sodium-line D, the formula in question is 

Wd = 15 06 - 1*031 e, 

in which c denotes *he number of grams of tartaric acid in 100 c.c. of the solution. 
In the following table of results, [M]„ denotes the molecular rotatory power of the 
salts, i.e. the product of the specific rotatory power and molecular weight. TJio 
solutions were prepared so as to contoiii 1 molecule of the salt to 100 molecules ot 
water, i.e. in the case of pure tartaric acid, 7*69 grams to 100 c.c. The last column 
contains the quotients (Q), obtained by dividing [M]^ by the rotatory power of the 
solution of tartaric acid just mentioned, viz. 21*08. is the molecular weight. 


Substance 

P 

Wd 


Q 

LillC^H^O* 




156 

27-43 

42*79 

2*03 





167 

25*66 

42*84 

2*03 

NaHO^H^O« . 




172 

23-96 

41*19 

1-95 

KHCai^O* 




188*1 

22*61 

42*53 

2-02 





162 

35-84 

68*06 

2-76 

(NHO^C^H^O® . 




184 

34*26 

63-04 

2*99 





194 

30-85 

59-85 

2*84 





226*2 

28*48 

64*42 

306 

(NH<)NaC^H-'0« 




189 

32*65 

61*71 

293 

(N1P)KC«H«0« . 




205*1 

31*11 

63-81 

3*03 

NaKC'H^O* 




210*1 

29*67 

62-34 

2 96 

MRO*n'0* . 




172 

35*86 

61*68 

2-93 

(A80)HC<H<0« . 




240 

16*91 

40*68 

1-93 

(AsO)KC‘H<0« . 




278*1 

21*13 

58*76 

2-79 

K(SbO)C<II*0* . 




323 

142*76 

461*11 

21-87 

K(C*H‘)CHH<0« 




216*1 

29*91 

64*64^ 

3-07 





246*6 

25*68 

63*04 

2*99 


The numbers in the last column exhibit an approximation to the relation of simple 
multiples required by the law enunciated by Mulder and Krocke, but as pointed out 
by Oudemans (Jier. vi. 1166, 1447) they are not exactly in accordance with it. It 
must b(i recollected, however, that the numbers in this table refer only to the apparent 
and not to the absolute specific rotatory power of the acid and its salts ; properly 
speaking, only the absolute specific rotatory powers should be employed in such a dis- 
cussion, The rotatory power of tartrates containing two different metals is equal to 
the arithmetical mean between the two corresponding simple salts, e.g. 



C«]d 

CM]n 


28*48 

64*42 


30*85 

69-85 

Moan 

29*66 

62*13 

Found for KNa.C^H«0* 

29*67 

4 K 2 

(J2*34 
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Other salts, e.g, the compounds of potassium and sodium tartrate with the corre- 
sponding bor/ites, exhibit, with increasing dilution, a rapid decrease of their originally 
strong specific rotation. In tartar-emetic the specific rotation is moderately constant 
and yery large.^ For a solution of 7 ‘892 grams in 100 c.c. : 

[o]o « 143 01 [M]d - 464-93 Q ^ 22 nearly. 

A different relation is exhibited by the tartaric ethers. In ethyl tartrate, 
(C*H*)*C*H*0®, the specific rotation in aqueous solution increases •with progressive 
dilution, nearly in the same proportion as in aqueous tartaric acid, so that the two 
may be compared in equivalent degrees of concentration. In this manner the follow- 
ing numbers are ol itaiued : 


Ethyl 
Tiirtmte 
iu 100 c.c. 
solution 

Wd 


i Eq. ( -oucen- 
j tmtion of 
Tartiiric uctl 
Solution 

[MlpOf 
Tartaric acid 

[M]^, ether 

MJ acid 

D 

10*489 grams 

25-92 

53*40 

i 7*6376 

21-09 

2-53 

5*2445 „ 


55*33 


21*84 


2-6223 „ 

27*37 

66*38 

! 1*9094 

22*22 

2-54 


Hence it appears that the molecular rotatory power of ethyl tartrate is about 2 J times 
that of tartaric acid. It is possible, however, that this low value may be duo to decom- 
position of the salt by water. A similar behaviour is exhibited by methyl tartrate. 

The specific rotatory power of tartaric acid is much smaller in alcoholic than in 
aqueous solution. For a solution of 7‘69 gnims in 100 c.c. alcohol, [a]„ = tVO and 
[M]i,-7‘5i the rotatory power is however increased by heating the solution in a 
sealed tube. Tartaric acid dissolved in methyl alcohol loses its rotatory powor com- 
pletely, but becomes active again when the solution is diluted with water. 

Hesse (Liehig'h Annalen^ clx^vi. 119) finds, for solutions of tartaric acid in whicli 
the value of e (the number of grams of substance in 100 c.c. of solution) is between 
6 and 15, and temperature 15®, that 14*90 — 0*14 c, and increases with the 
temperature by about a quarter of a degree to 7' 5° 0. Two experiments in which an 
aqueous solution of tartaric acid (c— 15) was mixed with 4 and 8 molecules (m) 
of hydrochloric acid gave [a]o== 12-8 — 12m. For c~6 in fuming hydrochloric acid, 
[o] 0 = 4*2. Neutral sodium tartrate, dissolved in water at 22'»')°, gave, for values of 
e between 5 and 15, [a]D = 27*85 — 0*17 c. If, however, the solvent conbiins I or 
2 mols. free soda to 6 grams of tartfiric acid, the rotatory power is reduced to 26*30® 
or 25*6® respectively. The relations observed by Landolt (p. 1219) are, according to 
Hesse’s observations, only approximately true. 

Quinic acid, in aqueous solution (c = 2 to 10), gave [a],, = 43*9®, and after two 
diiys 0*5® more. A solution in 80 v.p.c. alcohol (c = 6) gave [a]D= — 39*2®, the 
aqueous solution (c = 2), with 1 mol. Na-O, gave [o]d- —4*7®. 

Sugars. — 1. Ca^ic-sugar. The specific rotatory power of this substance is 
[a]„ = 66 064° according to L. Weiss (Wtm. AkaA. Ikr. | 2 Abth.], Ixxix. 1); 67*18® 
according toDe Luynes a. CJirard {Compt.rend. Ixxx. 1354). According to Hesse 
{IMhi^s Annalen, clxxvi. 95) it is rcprc?sented, for aqueous solutions, at the tempera- 
ture 15®, and from <? = 0 to <?= 10 by the formula 

[«]d = + 68*65® - 0-828 c + 0*1154^2 + 0*005417 c*. 

For higher values of <?, the rotatory power is nearly constant and equal to 66*5®. A 
rise of temperature of 10® makes no alteration in the value. 


For solutions in 50 v. p. c. alcohol in w'hich c 
In water containing 1 mol. SO* „ c 

„ „ 1 mol. Na*0 „ c 


5 

6 
5 



66*70® 

66*67 

60*00 


Tollens {Deut. Chem. Ges. Ber. x. 1403) gives the following formulae, in which p 
denotes the number of grams of sugar in 100 grjims of solution : I. for ^ = 0 to 18, 
II. fop^= 18 to 69, as the results of a series of most carefully conducted experiments: 
I. Md = 66-8102 - 0*015553 - 0*000062462 f 

II. [a]„ = 66*386 0-015035 - 0 00039867)* 


According to Landoltls notation (p. 1211) in which ga 100— 7), these formulae become : 

Ifl. [a]o *= 64-7303 + 0*026045 y - 0*000052462 j* 
lla. [o]d a 63*9036 + 0*064686 } - 0*0003986 9* 

The weakest solution examined was that in which p = 3*8. 
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The term ‘ conventional specific rotation * is proposed by Tollens to denote, for 
most circularly polarising Ijodies, the apparent specific rotation produced in a 10 per 
cent, solution, this magnitude being represented for sodium light by the symbol [a]". 
For cane-sugar the value < f [a]j{, is 66*66°. Fused anhydrous cane-sugar exhibits in 
tlie soliJ state a rotatory power =46*91° ; in solution 48*00°, but since such a product 
strongly reduces an alkaline solution of a cupric salt, there is no doubt that the sugar 
is iu part decomposed. 

M. Schmitz \Ber. x. 1414), who has also very carefully determined the rotatory 
power of solutions of various degrees of concentration, finds for the temperature 20°, 
and for = 10 to y) = 86° : 

[a]n = 66*463 - 0*0012362ly) - 0*000117037/)*. 

For weak solutions, /> = 2-5 to 2*76, the following is sufficiently exact : 

[o]u = 66-641 - 0-00841632/7. 

According to Tollens’s experiments, the absolute specific rotatory power of cane- 
sugar is [ a]i, = 63-9° ; according to Schmitz’s experiments it is [a]„ = 64*156'’. 

Fixperiments by IE. Pellet (BulL Soc. Chim, [2], xxviii. 260) on the influence of 
alkalis on the rotfitory power of sugar have shown that this influence is much more 
powerful in concentrated than in dilute solutions. The following table shows how 
many grams of sugar in solutions of 17*3 and 6*4 per cent, respectively are rendered 
optically inactive by the addition of 1 gram of the substances mentioned in the first 
column : 

17*3 p. c. solution 5-4 p. c. solution 

Sodium Carbonate 0*132 0*040 

Sodium Phosphate (crystallised) .... 0*036 0*016 

Caustic Soda (Na*0) 0*450 0*14 

Ammonia (NH®) 0*085 0*073 

Ammonium Carbamate (NH^CO'-*) . . . 0*067 0*040 

Potash (K*0) 0*60 0*17 

Potassium Carbonate 0 065 0 044 

Lime 1*00 O'O 

Baryta 0*43 0*19 

2. Milk-sugar , — Ordinary milk-sugar, or a-Lactose, with 1 mol. H'O, gives for 
p-2 and 3, respectively, the values [o]j,.= 80*68 and 79*70. 3-Lactose, which is 
formed from the preceding by long standing or by boiling, and is |-times more soluble 
than o-lactose, gave between /; = 0 and /? =* 12 : 

[o]d = + 54*64° - 0*657 c + 0 05476 c* + 0*001774 c\ 

The rotatory powers of the two modifications are to one another in the ratio 3 : 2, 
which is the inverse of that of their solubilities. On addition of 1 mol. Na’^O t.o the 
solvent, the rotatory power sinks considerably after some time, and its original value 
indicates that in alkaline solution milk-sugar exists only as the jS-modification (Hesse, 
Amialen, clxxxi. 98). According to Mills and Hogarth (Proc. Bog. Soc. xxviii. 273), 
the initial specific rotatory power of milk-sugar in solution (? dilute) is [aj^ = 83’1()°, 
and its permanent specific rotatory power [o]n = 63*12°. They have examined the 
law for the change of rotation in a freshly prepared solution, and find that it can be 
expressed by a mathematical equation. The initial solubility of milk-sugar, according 
to these chemists, is 1 pt. in 10-64 pts. water of 17°, and the permanent solubility 
1 pt. ill 3*23 pts. w'ater. 

3. Dextrose j Dcxtroglncosc, or Crgstallised Grape-sugar. — Tollens^ has examined 
with great care the rotatijry powers of nineteen different solutions of pure dextrose 
(DeAtt. Chem. Ges. Bir. x. 1413), and finds tliat the specific rotatory power in solution 
increases with the concentration ; thus in a solution containing 7*68 per cent., the 
value of [a],, is 62*89°, while in a solution containing 82*6 per cent, it is 67*8°. 

The specific rotatory power iu solutions of the anhydrous substanco may be calculated 
from the equations : 

[a]o = 52*718 *017087 p + *0004271 P‘ 

[a]„ » 68*69 - *10261 q + *0004271 

Diminishing these values one-tenth, the following numbers give the rotatory power of 
the hydrate C"H'*0«-f 11*0 : 

[o]„ = 47*926 + -016634 p -t *0003883 /)* 

[a = 63*362 ~ *093194 q + *0003883' 

The absolute rotatory power deduced from these equations is .* 
fal„ - 58*7° for C«ll'=0« 

La]„ = 53-30° „ C®H'=0« -I- H*0 
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Hesse (Annalen^ clxxvi. 102) has determined the specific rotatory powers of several 
varieties of dextrose at 16®, with the following results: 


Glllcosc-lly(lrat(^ 

c 

j 

Honey-sugar 

Grape-sugar 

Starch-sugar 

Soheiu -sugar 

1 

4977 



60*00 

6000 

3 

47-33 

47-87 


«■ 48*48 

6 

46*68 

— 

46*79 

47-96 

12 

46*34 

— 

46*83 

f 

47-66 

Anhydrous 

— 

51*78 

31-67 * 

61-80 



for e-2‘8 

for c~ 3 

for c~ 2*5 


These sugars arc therefore identical. Closely allied to them is amygdalin- 
siigar, which, as hydrate, gives for c=2, [a]„ = 49-26. Hydrated phlorizin- 
sugar, on the other hand, exhibits a smaller rotation, viz. for c = 3, [a]„ = 40'9, and 
for <; = 6, [a]j, = 40*08. Another preparation gave for c=8, [a]„ = 39-9, and for 
c=a 10*62, [a]D = 39*7 (Hesse, Annalen, cxcii. 174). 

The rotatory power of glucose is diminished by the presence of lime. A solution, 
which in 100 c.c. contained 0*98 grm.lime to 6*9 grm. dextrose, gave for the transition- 
tint [o]j = 33*3 (Jodin, Compt. rend, Iviii. 613). 

4. Mannitol^ C*H*^0®. L. Vignon {Ann. Chim, Phys. [5], ii. 433) finds that per- 
fectly pure mannitol is inactive to polarised light. If, however, it be mixed in aqueous 
solution with boric acid or borates, it becomes dextrogyrate!, and a given quantity of 
borax develops a stronger rotatory power when combined with bases than in the Ireo 
state. Thus a solution of mannitol containing borax, which originally exhibited a 
rotation + 1*38, showed, when saturated with carbonate of sodium, potassium, and 
ammonium respectively, a deflection a = +5*813, a — +6*63, and a = +073* 
The rotatory power increases with time. Arsenic acid and alkaline arsenates likewise 
develop rotatory power in mannitol. Arsenic acid induces a weak hcvorotfitory pow'er 
which increases with time. If the solution bo then gradually saturated with sodium 
carbonate, it becomes continually more and more laevogyrato. Neutral sodium arsenate 
induces a dextrorotatory power which does not increase perceptibly with time. Acid 
potassium arsenate induces Ijevorotation, which likewise increases with time up to a 
certain limit. Kelatively larger quantities of tho acid arsenate also devidop stronger 
rotatory pow’crs. On addition of a large quantity of the arsenate, tho solution, if left 
at rest for some time, or more quickly if boiled, becomes pcrfi'ctly solid, w'itliout 
losing its transparency. The mass thus formed is very friable, ca.sily soluble in watir, 
has an acid reaction, and is strongly laevogyratc. From these rissults Vignon infers 
that mannitol in itself is active to polarised light. With boric acid and water, without 
entering into chemical combination therewith — for the evaporated solution loaves a 
mixture of mannitol and boric acid — it forms dissymmetric mob'culcs which then exhibit 
rotation. Arsenic and its acid potassium salts, on the other hand, induce a chemical 
action, in consequence of which the robitions, wdiich are produced only in consequence 
of unsymmetrical arrangemoiit of the molecules, become altered. Tho specific rotatory 
power of mannitan for the transition-tint is. [o]j = + 36*6°; that of nitroman- 
nitan = + 63*26° (Vignon). 

Miintz a. Aubin {Compt, rend. Ixxxiii. 1213) find that not only borax, but metallic 
salts in general, and especially tho salts of the alkalis and alkaline earths, dcve1o[> a 
dextrorotatory power in mannitol, whereas free alkalis develop a Isevorotatory pow'ijr. 
The action is not permanent, for when the salt is removed, tho mannitol again becomes 
inactive or nearly so, and if the alkali be saturated by an acid, t he laevorotatory power 
becomes dextrorobitory. Mannitol from various sources was found to bo inactive in 
an aqueous solution containing 10 grams in 100 c.c. ; but on addition of 12*8 grams 
of borax, it gave a mean deviation = +22*3°. A solution conbiining in 100 c.c. 

8 grams mannitol and 8 sodium hydrate gave a mean deviation =—3*4°. Nitro- 
mannitol, 3 grams in 100 c.c. of absolute alcohol, gave a deviation of + 12*4°. 

Bouchardat, on tlie other hand {Compt. rend. Ixxx. 120 ; Ixxxiv. 34), finds that 
mannitol in pure aqueous solution is slightly laevogyratc, its specific rotatory power 
for tho transition-tint being [aj = — 0° 16'. Vignon’s method of determining it in 
a solution of manni^l containing borax, is regardiid by Bouchardat as fallacious, 
because chemical compounds are formed in this solution. When acid calcium borate, 
which is insoluble in water, is added to a solution of mannitol, it is diss^olved in tho 
proportion of 1 eq. of the salt to 1 eq. mannite, and the potatory power of the very 
stable compound thn.s produced is + 28*6°. Caustic soda renders mannitol solution 
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Ijiivogyrate with a rotatory power of — 6*17®- The various ethers of mannitol pre- 
pared from glucose or from invert-sugar exhibit, when dissolved in acetic acid, the 
same rotatory power as the corresponding derivatives of natural mannitol from the 
ash, and likewise agree with them in other physical properties (see M/ .tnitol, p. 1268). 

Glucosides (llesse, Annalen, clxxvi. 116, 125). Phlorisint dis- 

solved ill alcohol of 97 v.p.c., gives for c=l and 5, [o]d =* -(49*40 + 2*41 c). 

Phloretin^ dissolved in alcohol of the same strength, gave for c = 1 and 3 

no deflection or the plane of polarisation. 

Salicin, dissolved in water (c= 1 to 3), gave [a]i, = — (65*17 — 0*63 c). 

SantoniJiy in 97 v. p. c. alcohol, (c- 1 and 2), gave [o]d *= -173*81® ; in 

90 V. p. c. alcohol,' — 1 75*4° ; in 80 v. p. c. alcohol, — 176*6° (c = 2 in both cases) ; in 
chloroform (c = 2 to 10), mean value of [o]d = — 171'53°, apparently independent of 
temperature and concentration. 

Dwhlorosanloiun, in 97 v. p. c. alcohol, showed for c=»l a rotatory power of only 

— 23°. at 22*5° in 97 v. p. c. alcohol and 3) gave 

[a]„ — 25-82, and in 80 v.p.c. alcohol (c = 2 and 3), [o‘J„ — —26*46°. Sodium 
mnto7iatey at 22-5° in aqueous solution between y — 2 and /) — 10, gave 
[ajn - —(18-70 -r 0*33 c), slightly increasing with the temperature. In 80 v.p.c. 
alcohol, this salt exhibits the same rotatory puw-er as in water, but on addition of 
sulphuric acid, the rotation quickly approximates to that of santonin. 

Opium Bases (Hesse, Annalen^ clxxvi. 189). 1. Morphine. The hydro- 

cklorid/i, C'’ll’®j'’'0®.HCl-h 3II“0, at 22*5°, gave in aqueous solution (c=l to 4), 
[o]|, = —(100-67® — 1*14 c) ; in i)resonco of 10 mols. IlCl (c = 2) the value of [a]„ was 

— 94-31. The sulphate^ (G'HI*'*NO®)“8H‘0* + oH^O, in water at the same temperature 

(6* == 1 to 4), gave [a]n r. - (1 00*47 •; 0-96 c). The free alkaloid, + H-0, at 

25°, in ail axpieous solution containing 1 mol. Na*0 (c = 2), gave [o]„ = —67*5°; wif h 
5 mols. Na^O and c = 2, the value was —70*23®, and with <?=5 it was —71*0,0”. 

2. Codeine, C'*II*‘N()®, dissolved in 97 v.p.c. alcohol, guve for a solution in 
which c was between 2 and 8, a rotatory pow’cr = -136*8°, not influenced by concen- 
tration; ill 80 v. p. c. alcohol (c=s 2) the value was — 137*75; in chloroform (c- 2) 
it wjis —111*6®. The hydrochloride^ C''*H‘‘-'’NOMICl + 2U‘‘'’0, jn aqueous solution 
(c = 2), gave [o]i, — — 108*18®, or calculated for tho alkaloid, — 126*89° ; a solution of 
tho same strength containing 10 mols. 11 Cl gave [a]„ = — 105*22® ; in 80 v.p.c. 
alcohol (c=<=2) lhi.s salt gave —108°. The sulphate in aqueous solution between the 
temperatures of 15° and 25® gave [a]„ = —100*9. 

3. Narcotinc. Experiments were made at 22*5® with the following solvents: 
Alcohol (97 V. p. c.) ; the .same mixed with 2 vols. chloroform ; chloroform ; water 
with 2 mols. and 10 mols. HOI ; 80 v. p. c. alcohol with 2 mols. HCl. The following 
were tho mean results obtained : 


Alcohol Chloroform Clilorofonn 
+ Alcohol 

c— 0*74 2 2 and 5 

[a]„=- 186-0 -191-5 -207*35 


Water Water AlCohol 

+2ira +10HCI +2FI01 

2 and 5 2 2 

-46-7 -50*0 -104*5 


4. Hydrocotarninc, Moconin, Narceine, and Cryptopine w-ere not found 
to exert any action on polarised light, whatever might be the solvent employed, and 
even after addition of acids. 

5. Psendomorphino. The hydrocMorvde^ C*^H*®NO'.HCl + H®0, in aqueous 
solution, acidnl’ated with 1 mol. HCl at 22*5°, gave for c = 0*8 to 1*6, [o]y) = —(114*76 
-4*06 c). In a solution (c-2) containing 1 mol. pseudomorphine, 5 mols. Na*0, and 
1 mol. NaCl. [a]n* — 198*86°. For the alkaloid, the value calculated from this result 
is —235*1®, whereas according to tho experiment with tho hydrochloride, calculated 
for c=2, tho value for the alkaloid is only —123*6®. 

6. Thobaino, C’®H**NO*, dissolved in alcohol of 97 v.p.c., exhibits between 
c=l nudc = 2 a rotatory power independent of the concentration, but diminishing 
from —218*6° to -216*5°, when the temperature is raised from 15° to 26°. In a 
chloroform solution (c* = 5), I oJd = -229*6°. Tho hydrochhride, for g= 2 to 4, 

[o]„= -(168*32-2*33 r), the value being apparently somewhat diminished by rise of 
temporaturo. On addition of 10 mols. HCl, the value of [oji, i.s reduced to— 168*64°. 

7. Papaverine dis.solvcd in 97 v. p. c. alcohol (c=2), gave 4°; in 

chloroform (c=5) it gave —5*7. The hydrochloride gave no rotation even after 
addition of fri’C hydrochloric acid. 
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8. Laudaiiino, at 22*5^, diasolved in chloroform (c= 2), gave 135; in 

aqueous solution (c-l) containing 2 mols. Na'-^O to 1 mol. alkaloid, [ 0 ],,= —11*36®. 
The hy^ochlortde gave no rotation either in aqueous, alcoholic, or hydrochloric acid 
solution^ s. 


9. Laudauosi no gave the following values : 


Solvent 

Temperature 

Concentration 


97 V. p. c. Alcohol 
16® 22*5® 

. c = 2*79 2 

[a]i, = + 103*23® 105*00° 


• Water 

Chloroform +2 mols. HCl 
22*5® • 22*6® 

2 2 
‘ 66-00° 108*41° 

/ 


Cinchona Bases Annalent c\ia.y\. 203-233). All tVe following deter- 

minations were made at the temperature of 16®. 


1. Quinine Hydrate, W 4 3H*0 : 


In ether (sp. gr. = 0*7296 15 to 6, [a]j,= -(168-7 --1‘911 c) 


97 V. p. c. alcohol 

c=l „ 10 

„ =- (146*2- 0*667 c) 

80 ,, „ 

c=l „ 6 

„ = -(166*81 -8*203c 4- 1*0654 c* 



-0*04644 c*) 

chloroform 4* alcohol 

2 „ 5 

-140*7 


The influence of temperature between 16® and 25® lowers the absolute rotatory 
power, for c=3, by 1*66®. 


2. Quinine Anhydride, C**H*^N*0*: 


Solvent 97 v. p. c. alcohol 

I 

Chloroform 

1 

* -s 

c = 1 2 

[a]i,= -170*6 -169*25 

r- — 

2 5 

-116*00 -106*6 


Calculation based on the results obtained with the h^^drate gives smaller numbers for 
the anhydride, showing that the entVance of water into the quinine molecule diminishes 
the rotatory power. 


3. Quinine Hydrochloride, C^H*^N*02HCl+ 2H20 : 

In water c-lto 3, [a],, « -(147*31 -4*90 p + 0*343 c^) 

„ 97 V. p. c. alcohol, c=:l „ 10, „ =* -(147*30 -1-9584 + 0*1 039c* 

-000211 c*) 

2 chloroform 4 - 1 alcohol, c = 2 » = — 126-26 


In mixtures of alcohol and wat^r (c= 2) the rotatory power risps from — 138*76, its 
value in pure water, to the maximum — 187*75 in alcohol of about 60 v. p. c., ami 
diminishes down to -143-86 in 97 v. p. c. alcohol. In mixtures of water and 
hydrochloric acid (c= 2), a maximum =—225*68 occurs for 2 mols. HCl to 1 mol. 
water; with 16 mols. HCl, la]n is still = —209*54, and in fuming hydrochloric acid 
— 168*75. The anhydrous hydrochloride gives for c = 0*9 to 9 : 

[a]p =- (81-81 - 23-756C 4- *39556* - 021981c*). 

A rise of temperature of 10® produces no perceptible alteration in the rotatory 
power of the alcoholic solution. 

4. Quinine Sulphates. The hihasic sulphate, 2C*®H*^N*0*.SH*0‘4-8H*0, 
gives, fore = 2 in 80 v.p. c. alcohol, [«]»= —162*95 ; in 60 v. p. c. alcohol, —166*36 ; 
in a mixture of chloroform and alcohol (c= 1 to 5), [a]D= —(167*5 — 0*27 c). 

The momsvlphate, C*®H*^N*0*.SH*0* 4- 7H*0, gave with water (c=l to 6) 
[a"! u - - (1 64*85 - 0*31 p). In other solvents the following values were obtained : 



with 2 mols. SO* . 

e 

Wp 

Water 

. 2 

- 166*36 

„ 

II 12 „ If . » 

. 2 

- 176*67 

M 

,, 4 „ HCl . . 

. 2 

- 168*25 

9 V. p. 

c. alcohol 

. 2 

- 134*76 

80 ., 

}» , • • • 

. 1 

- 143*63 

HO „ 

,, ... 

. 2 

- 142*75 

60 „ 

,, . ■ . . 

. 2 

- 155*91 

2 vols. 

chloroform 1 vol. alcohol , 

. 2 

- 138-75 
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Quinine Bisulphate, C2®H'‘*^N*0’*.2SII®0^ + f5H*0, in water (c = 2 to 10), gave 
ra]D= —(170*3 — 0*04: c) ; with addition of 12 mols. SO* (o = 2), [a]D= —171*0, and 
in 80 v.p.c. alcohol, for c=l and 3 respectively, [o]„— — 154'*'f4 and 153*34. 
5 Quinine Oxalate, 2C’"H“‘N*02.C*Il=0* + 6H‘-0, dissolved in a ’i^iiture of alcohol 
and chloroform, gave for 1 to 3, [ 0 ]^,= — (141*68 — 0*58 c). 


Cinchnnidi no gave : 

In 97 V. p. c. alcohol 




e 

1 to 5 


Wn 

(107*48 - 0*2 

95 „ 




2 to 5 

— 

(113*53 - 0*4 

it 80 „ „ 




2 

— 

119*54 

„ 80 „ 




3 

— 

116*09 

„ chlorofo'm-alcohol 




2 

— 

108*86 

>« 1 * >1 




3 


108*00 

„ chloroform. 




2 

- 

83*66 

Cinchonidine Hydrochloride, C*®IP‘N*0.HC1 + H'-O, gave: 

In water. 




1,2, 3 


104*56 103*88 

„ + 4HC1. 

, 



2 

— 

151*76 

„ „ + lOHCl 

, 



2 

— 

144*54 

„ 97 V. p. c. alcohol 




3 

— 

108*00 

„ 80 „ 




2 

— 

135*25 

„ chloroform (anhydrous) 



2*85 


24*21 


103*03 


7. Oinchonidino Sulphates. The normal salt, 2C“H*‘N*O.SITO^ + 6H*0, 
gave for c=l*06, [o]n= —106*77 ; in 80 v. p. c. alcohol, the salt containing only 
3mols.H*0(c = 2)gave -144*64. The acid sulphate, G'‘»H='*N*O.SlPOH 5H‘0, gave 
(c=2) in 

Water 80 v. p. c. Alcohol ChloTofoim : AJcoliol 

[o;|o= -110*5 -109 -101 

8. C i n c h 0 n 1 d i no 0 X a 1 a t e, dissolved in chloroform-alcohol, gave between c = 1 
and <?=i3, for [a]„ a constant value of —98*7. 

9. Quinidine or Conquinine, C*’®1I**N‘**’0*+ 2^11*0, gave; 

Wd 

1 to 3 + 236*77 - 3*01 


In 97 V. p. c. alcohol . 

M 80 ,, ,, . 

„ chloroform-alcohol . 

>> >> •» • 

„ chloroform (anhydrous) 

10. Quinidine Hydrochlori 
In water 

97 V. p. c. alcohol . 

80 „ 

water + 1 mol. IICl 
„ 4 „ 

M 10 „ 

chloroform-alcohol . 


2 

1 

2 

1*756 


232*72 

244*54 

241*75 

230*35 


dc, C*«H*»N20-.HCl + H20, gave : 

lto 5 205*83 - 4*928 c 

2t-o 5 212 00 - 2*562 c 

2 230*25 

2 282*50 

2 286*00 

2 278 18 

2 193*75 


The dehydrated salt dissolved in chloroform (6*=2) gave only 109*25. 

Quinidine Bihydrovhloridc in aqueous solution (<7==2) gave [o]„- 205*33. In 
chloroform this salt is nearly insoluble. 

11. Quinidine Sulphate, 2C®IT*^N*0*.SH®0^ + 2II*0, gave with 

Water 80 v. p. c. Alcohol 60 v. p. c. Alcohol Chloroform-alcohol 

c = 1 2 

[a]o « -I- 179*54 218*18 


2 

227 


2 

209*25 


The anhydrous s*Alt dissolved in chloroform gave, for c? = 3 and 5 respectively, 
[«]□* 184*17 and 180*10. The acid sulphate, -h 4H'‘'0, gave in : 

Water 2to8> 212 - 0*8 c 

97 V. p. c. alcohol 2 183 

Water with 2 mol. SO=* 2 212-27 

Quinidine Oxalate, dis.solvcd in chloruforni-alcohol, gave [aju « 189 — 2*18 c. 
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12. Cinchonine dissolvod in 96 v. p. c. alcohol, in which it is but Yory slightly 
soluble, gave [a]i, = +226 48; in a mixture of chloroform and alcohol (c = l to 6) it 
gave [a]o-23fiij’8--l-46 c; if the alcohol in the mixture was only 90 per cent, the 
rotatory power 237*27 instead of 235*76. 

13. Cinchonine Ilydrochloride, C'^H-^N*O.HCl + 2H*0, gave in 

Water . . . . 0*5 to 3 166*6 - 2*425 c 

97 V. p. c. alcohol . . 1 to 10 179*81 - 6*314 c + 0*S406t-2 ~ 0*0371 c* 

80 „ „ . . 2 188*86 

60 „ „ . . 2 195*46 

Chloroform-alcohol . . 2 152 *90 ' 

Water + 4 mol. HCl . 2 207*27 ^ 

„ + 10 „ .2 206*60 
Fuming hydrochloric acid 3 206*72 

14. Cinchonine Sulphate, 2C*®H*WO.SH‘*0* + 2H'*0, gave in 

Water 0*962 to 1*8312 + 170*3 - 0*866 c 

97 V. p. c. alcohol . . .3 to 10 193*29 — 0*374 c 

80 „ 2 202*95 

60 „ „ ... 2 204*14 

Chloroform-alcohol . . .2 185*25 

15. Cinchonine Oxalate, dissolved in chloroform-alcohol (c = l to 3), gave 
[a]„= 165*46-0*763 c. 

16. Cinchotenino Hydrate, + 3H*0, dissolved in chloroform- 

alcohol (c — 2), gave [a]n +115*5, which gives by calculation for the anliydroiis 
base the number 1 35*5® ; in water with 2 mol. SO^ the corresponding numbers were 
175*6 and 205*9. 

The specific rototory power of the cinchona alkaloids has also boon carefully 
examined by A. C. Oudemans,,junr. (w4rcA wm*?. x. 193). (1). Quinine. — the 

following arc the values obtained for the solution of this basti in various inactive 
liquids, m denoting the number of grams dissolved in 20 c.c. of this solvent : 

Turo 

Alcobol Benzene Toluene Chloroform Chloroform 

M = 0*328 0*122 0*078 0*293 0*166 

[a]„ =. - 167*5 -136 -127 -117 -1*26 

For the solution in pure alcohol, the value of [ajo at 0° diminishes from m~0'\ to 
w = l*2 from 172*3 to 162*4. For the temperature 21®, the corresponding numbers 
for the same two concentrations are 169*0 and 159*7. Equally variable is the specific 
rotatory power under otherwise similar circumstances in solutions of 1 molecule 
= 0*324 grm. in 20 c.c. of atpicous alcohol of various strengths. From the propor- 
tion 95 alcohol and 5 water to tliat of 65 alcohol and 35 water, the value of [ajp rises 
steadily from 169*7 to 176*5. 

Solutions of quinine salts gave the following results, the specific rotatory power of 
the salt being denoted by (a),„ and that of quinine itself, as above, by [a]„. 

Solution in Vuro Alcohol, 

• 

Normal Sulphate, (C“n2«N-’02)2,SH*0».7in*0 . 

Acid Sulphate, C2«H«N-*02.SITO^71P0 . 

Normal Hydrochloride, C=»H2^N2()*.HC1.2H20 . 

Acid Oxalate, C2»H«N^0^C*H'^0^3IP0 . 


Solution in Water, 

Acid Sulphate - 213*7 - 278*1 

Normal Hydrochloride — 133*7 — 163*6 

The specific rotatory power of quinine is variously altered by addition of different 
acids, attaining its maxipium in sulphuric^, nitric, hydrochloric, and chloric acid, when 
the quantity of acid added is exactly equal to, or a little less than, that which is 
required to form an acid salt ; with phosphoric and oxalic .acids, on the other hand, 
the maximum is attained only when a larger quantity of .acid has been added (4 
mol. phosphoric and 3 mol. oxalic) ; in the case of formic acid, with 28 to 30 mol. 


(a)p 

Wo 

167*4 

- 214*9 

134*5 

- 227*6 

138*0 

- 169*0 

131*4 

- 160*6 
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acid ; ana in that of acetic acid not till 64 mol. acid have been added. In oaeh of 
tliose experiments 0*324 grm. quinine was dissolved in the respective quantity of acid, 
and the solution was diluted with water to 20 c.c. The maxima of rotatory power 
attained were as follows : 


In Oxalic acid . 

„ Sulphuric acid 
„ Acetic „ 

„ Hydrochloric acid 
„ Phosphoric „ 



. 271*7° 


. 278*8 


. 278*9 


. 279*2 


. 2800 


In Formic acid . 

„ Nitric „ . 

„ Chloric „ . 

„ Perchloric acid 


280*6° 

284*2 

285*7 

287*6 


(2). Quinii'ino, C“H2‘N*02 + 2iH20. The solution of 0*324 grm. in 20 c.c. of 
different solvents 'gave the following values of the specific rotatory power ; 


Solvents Pure Alcoliol Chloroform Bcnsscnc Tolucno 

[a]i, = +255*4 +228*8 +195*2 +206*6 


At the temperature of 17°, in solutions in pure alcohol, whoso concentration varies 
from 01 9*25 to 0*3740, the specific rotjitory power decretises from 258'1 to 255*4, l)ut 
roinains nearly constant on further concentration to 0*64. As the temperature rises it 
becomes somewhat smaller. In mixtures of alcohol and water (always containing 
0*324 grm. quinidine in 20 c.c.) : 


Percentage) g.g I5 20 26 

of water \ 

[o]„ = 255*4 257*6 259*0 259*4 259*3 259*4 

lleyond 10 per cent, water, therefore, the variation is hut small. The salts of quinidine 
gave tlic following results : 


Salt 

Formula 

Solvent 


Mv 

# 

•Sulphate 

Nitrate 

(C‘«H-‘N-*()'^)"SH‘0<.2H-0 

Pure Alcohol 

+ 211*5° 

+ 255*2^ 

CnC'NW.NllO* 

„ 

199-3 

232*6 

Hydrochloride 


Water 

190-8 

244*1 


Pure Alcohol 

199*4 

233*6 



90*5 p. c. Ale. 

213-() 

260*7 


Quinidine when dissolved in excess behaves almost exactly like quinine, excepting 
that the maxima do not follow one another quite in the same order. 

(3). Cinchonine. The values of [a]^ for this haso in alcoholic and chloroform 
solution, as determinc'd hy Oudemans, have been already given (p. 1209). Cinchonine 
is but slightly soluble in pure alcohol, and its rotatory power does not appear to bo 
affheted by the degree of concentration of the solution. In a solution containing 
0*1 grm. in 20 c.c., the value of [o]uis 234*9 at 0°, 224*7 at 15°, 221*1 at 20° In 
90 per cent, alcohol at 17M a|i» = 228*8. Now Erdmann’s limiwkinc (iii. 175), 
under the same conditions, gave 228*0, so that, in this, as in other respects, this base 
is identical with cinchonine. In chloroform the rotatory power of cinchonine appears 
to diminish as the concentration increases; in solutions whoso concentration is between 
0 0914 and 0*1116, the rotatory power varies from +214-8 to 209*6. The influence 
of various solvents at different degrees of concentration on the rotatory power of 
cinchonine has already been stated (p. 1209). For medium conefentration and tem- 
perature, the specific rotatory power of cinchonine in its salts is found by ciilculation 
to have the following values : 


Salt 

Solvent 

C«]i, 

Cinchonine Sulphate 

Water 

+ 204*2° 


Pure Alcohol 

232*9 

„ Hydrochloride 

W'ater 

201*0 


Pure Alcohol 

204*4 


93p. c. „ 

216*1 


29 „ „ .■ . . 

*229*1 

„ Nitrate 

AVater 

190*0 


Pure Alcohol 

212*2 


93 p. c. „ 

226*7 
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A solution of 0'dC8 grm. cinchonine in 20 c.c. of each of these solvents haves with 
excess of •different acids analogously to quinine and qu-inidine. 

(4). CinehcAnidine. A solution of 0 304 grm. of the pure base in 20 c.c.'Of 
pure alcohol exhibited at 0° a specific rotatory power of —112*8°; a nearly similar 
solution (0*308 grm.) gave at 17° the value —109*6. At the latter temperature the 
value of [a]D further decreased with increasing concentration, being —108*5 at 
0*5182 grm., and —107*8 at 0*771 grm. At the same temperature and a concentration 
of 0*3 grm. addition of water to the alcohol, from 0 to 40 per cent (by weight) 
increased the specific rotatory power from -109*6 to —121*1°. In chloroform 
solution the specific rotatory power of cinchonine is very much diminished by con- 
. centration, being -77*4 at a concentration of 0*3089, and —74*0/ at 0*6823 grm. 
The salts ofcinchonidine behave in a similar manner. The hydrochloride, nitratei 
and sulphate gave at 17° the following values: 


Concentration . 

M« = • • 

In Water 

In pure Alcoljol 

In 89 p. c. 
Alcoluil 

In 80 }t. c. 
Alcohol 

0*3712 

-104*G° 

0*4798 

102*3 

0*6023 

99*3 

03499 

99*9 

0*5074 

97*6 

0*6213 

96*2 

0*3529 

119*6 

0*3635 i 
128-7 • 


Concentration . 
i«j„ = . . 

Nitrate 

Sulphate 

Water 

Pure 

Alcohol 

89 p. c. 
Alcohol 

80 p. c. 
Alcohol 

Pure 

Alcohol 

89 p. c. 
Alcohol 

80 p. c. 
Alcohol 

0-3377 

-99-9 

0-3658 

103*2 

0*3788 

119*0 

0-3691 

1270 

0*34 to 0*38 
118*7 

0*3622 

128*7 

0*3686 

131*2 


IIwicc it appears that ciuchonidine has a greater rotatory power in its salts than in 
the free state. With acids in excess it behaves like the three other alkaloids. Tlie 
peculiar behaviour of llie four cinchona alkaloids with excess of acid is regarded by 
Oudomans as connected wdth their easy decomposibility by water, which probably 
takes place to a slight extent whenever an acid salt of one of these bases is dissolved 
in water. It is only by further addition of acid that this decomposition cjin be pre- 
verjted, and tlie entire quantity of alkaloid retained in the form of acid salt, in which 
its .specific rotatory power appears to be a maximum. This point, however, is more 
quickly attained in proportion as the acid is stronger or combines more readily with 
the alkaloid. 

The results obtained by Oudemans agree well for the most part with those of 
Hesse, so far as the two admit of comparison, and the differences between them appear 
to be in most cases due to the circumstance that the alcohol used as a solvent by 
Hesse was not quite anhydrous. With due attentibn to all the disturbing causes 

S anted out by Oudemans, the optical method of inve.stigati(m may serve, contrary to 
csse’s opinion, as^a valuable aid in the quantitative analysis of mixtures of alkaloids. 

Circular Polarlaation Induced by bSagnetlc Action. H. Becqiicrol (Ami. 
Chim. Pkys, [5], xii. 5-88) has determineel, by observations on a large number of 
diamagnetic bodies, the relations which exist between the magnetic rotation of the 
plane of polarisation of a ray of light and the index of refraction. In the following 
table, B denotes the magnetic rotation, n the index of refraction, and v the ratio 
B 
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Yeuow Light (line D). 


Substances 

B 

n 


V 

Fuming Nitric acid 

0-206 

1-4010 

1-8898 

0-109 

Sulphuric acid, SO 'll* 

0-247 

1*4284 

2-1225 

0-116 

„ „ S0‘1R3H*0. 

0-286 

1-4054 

1-9166 

0 149 

Ordinary Nitric acid ..... 

0-291 

1-3740 

1-6760 

0-177 

Methyl A Icohoi^ 

0-253 

1-3630 

1-5205 

0*166 

Propyl Alcohol 

0-279 

1-3836 

1-7454 

0-160 

Hutyl Alcohol 

0-294 

1-3934 

1-8247 

0-161 

Amyl Alcohol 

0-311 

1-4046 

1-9144 

0-162 

Chloroform 

0-380 

1-4520 

2-3366 

0-163 

Carbon Monochlorido 

0-404 

1-4580 

2-3932 

0-169 

Xyleno 

0-625 

1*4932 

2-7416 

0-194 

Toluene 

0-676 

1-4928 

2-7376 

0-210 

Benzene 

0-636 

1*4098 

2-8104 

0-226 

Melted Sulphur (114°) .... 

1-904 

1-9290 

10-1268 

0*188 

Phosphorus Subsulphido .... 

2-692 

20661 

13 9478 

0-186 

Ilydrogoii Bisulphidi*- 

1-743 

1-8850 

9-0720 

0-192 

Sulpliur Monochlorido 

0-984 

1-6460 

4-6310 

0-212 

Sulphur Dichlorido 

0-932 

1-6190 

4-2493 

0-219 

Carbon Tetrachloride 

0761 

1-6620 

3-6128 

0-216 

Silicon Chloride 

0-444 

1-4090 

1-9661 

0-227 

Phosphorus Trichloride 

0-661 

1-50S0 

2-8974 

0-226 

Melt ed Phosphorus (33°) 

3-120 

2-0740*^ 

14-1558 

0-220 

Carbon Bisulphide 

1-000 

1-6240 

4-3296 

0-231 

Arsenic Trichloride 

1 

1-000 

1-6006 

3-9936 

0-250 

Silver Nitrate, concentrated solution . . j 

0*124 

1-4680 

2-3932 

0-177 

Bismuth Nitrate, concentrated acid solution . 

0162 

1-4690 

2-4003 

0-187 

Distilled Water 

0-308 

1-3340 

1-3874 

0-222 . 

Potash, concentrated solution 

0-464 

1*4230 

2-0763 

0-223 = 

Basic Lead Acetate, concentrated solution . 

0-376 

1*3670 

1-6233 

0-231 

Magnesium Chloride, „ „ 

0*619 

1-4300 

2-1367 

0-243 

Hydrochloric acid, „ „ 

Antimony Trichloride, in hydrochloric acid, j 
dilute 

0-490 

1-4071 

1-9401 

0-262 

0-660 

1-4660 

2-3647 

0-279 

Antimony Trichloride, in hydrochloric acid, 
concentrated 

1-436 

1-6969 

6*3957 

0-266 

The same ((jommercial), dissolved in excess of 
hydrochloric acid 

0-703 

1*4600 

2*4121 

0-291 

Antimony Pentachloride .... 

1-656 

1*6910 

3-8762 

0*427 

Bismuth Chloride, Bid*, dissolved in HCl . 

1-206 

1-6640 

3-6369 

0-346 

Potassium Iodide, concentrated solution 

0-801 

1-4482 

2-2972 

0-349 

Stannic Chloride 

1*036 

1-5060 

2-8768 

0-369 

Stannous Chloride, aqueous solution . 

1*125 

1*6272 

3-1074 

0-362 

Melted Suhste 

Borax 

mces. 

0-406 

1-5010 

2-8230 

0-143 

Lead Borate, T 

1-406 

1-7800 

6-8704 

0-204 

„ IT 

1-430 

1-7800 

6-8704 

0-209 

&lass, No. 8, crovrn 

0-481 

1-6260 

3-0916 

0-155 

„ 6, flint 

0-771 

1-6790 

3-7220 

0-207 

„ 7. 

0-987 

1-6140 

4-1810 

0-234 

Heavy Flint, No. 1 

1-360 

1-7200 

5*8310 

0-233 

» „ 2 

1-533 

1-7650 

6-6360 

0-234 
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1 Yellow Light (co7itimied). | 

Substances 

'1 

B 

n 


V 

Single-refracting Crystah, 



Sylvin (Potassium Chloride) 

0*672 

1*4830 

2-6376 

0*255 

Rock Salt 

0*843 

1-6430 

3-2874 

0*256 

Blende 

6-295 

2-3600 

25-8836 

0*204 

Fluor Spar, white I 

0*207 

1-4332 

2-1C34 

0*095 

M 11 

0*234 

1-4332 

2-1634 

0*108 

Spinell (coloured by chrome) 

0-496 

1-7160 ' 

S-7085 

0*087 

Diamond (octohedral) 

0-301 

2-4200 

28-4410 

0*010 

Red Light (Li) (for Selenium, B lino). 



Ciirbon Bisulphide 

1-000 

l-G120Li 

4-1516 1 

0*240 

Cuprous Oxide, crystallised (ziguelin) . 

14-060 

2-8490 

57-7056 

0*241 

Sulphur Bromide 

1-942 

l*7630Li 

6-2722 

0*312 

Bromine 

1-960 

l-6160Li 

4*2084 

0-465 

Selenium Chloride 

2-408 

l-8070Li 

7*2966 

0-330 

Selenium 

10-960 

2-6550B 

42-6398 

0-255 


From the numbers in this table the following laws may be deduced ; 

1. For all diamagnetic balies, the ratio R : 1) is comprised within com- 

paratively narrow limits, viz. 0*11 to 0*46, or 1 to 4, whereas the magnetic rotation 
varies from 0*2 to 14*06, that is from 1 to 70. 

2. For bodies belonging to the same chemical family, or composed of the same 
chemical elements, this ratio is nearly the same ; thus the highly oxygenated acids, 
such as nitric and sulphuric acid, give very small numbers near to 0*11. The fatty 
alcohols and chloroform give numbers near 0*16. For sulphur, and its compounds 
with hydrogen and phosphorus, th'o value is near 0*188; and for the compounds of 
chlorine with carbon, sulphur, silicon, and phosphorus, it does not differ much 
from 0*22. 

f'or solutions, the value of R : 1) is intermediate between that of the 

solvent and that which would hold good for the dissolved body, and approaches more 
nearly to the latter as the solution is more concentrated. 

In strongly magnetic bodies, such as the salts of iron, if the indices of refraction 
vary only within narrow limits, the variations of rotation corresponding with the change 
of refractive index are masked by the great variations dependent on the specific mag- 
netism of the body, which in most cases is strong enough to reverse the direction of 
the rotation : hence in these bodies there is no apparent relation between the rotation 
and the index of refraction. 

Certain crystallised bodies, as fluorspar, ruby, spinel, and diamond, deviate 
absolutely from the general law above 6tate<l, and exhibit only a very small rotation 
in proportion to their index of refraction. 

In highly disjiersive bodies, such as carbon bisulphide and phosphorus monosul- 
phido, the magnit.udo of tho rotation is nearly in the in verso ratio of the square of tlie 
wave-length. 

III. Chemical Action of Light. 

J. W. Draper (Sill. Amer. J. [3], v. 26, 91) has published the experimenta 
evidence forming the basis of his conclusions respecting tho distribution of chemical 
energy in the spectrum (vii. 749). That all tho rays of the spectrum are 
capable of producing chemical action is shown; (1). By the behaviour of silver 
iodide (on a daguerreotype plate), which, when exposed to the pure spectrum, is affected 
first and most strongly in tho most rcfrangiblo parts, but afterwards also in the less 
refrangible portions. These last-mentioned rays, however, exert a different action if 
the plate is exposed to the action of faint diffused daylight, either simultaneously 
with the action of tho spectrum or just before it. After tho imago has been developed 
by mercury-vapour, it is seen that all the rays of the spectrum have acted on the 
plate, even the lines o, /3, y in the ultra-red being visible. Tho finished photograph 
shows on a light ground an image of the Bjicctrum, the more refrangible portion of 
which is bluish or olive-coloured, while the less refrangible portion appears deep black 
•with white Fraunhofer linos. The appojirance of the plate shows that the more 
refrangible rays assist the action of diffused daylight, while tho less refrangible 
retard it. (2). By the behaviour of bitumens and resins : when West Indian bitumen 
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dissolved in light petroleum is irradiated by the spectrum for five minutes and then 
treated with a mixture of light petroleum and alcohol, an image of the spectrum is 
formed extending from below A to above H. (3). By the part whi(^h light plays in 
the decomposition of carbon dioxide in plants, which, according tt Draper’s experi- 
ments, is produced chiefly by the rays between B and F, with a maximum in the 
yellow ; the same rays dovelope the green colouring of leaves. (4). By tho decom- 
posing action 6f light on the colours of flowers, which takes place in such a manner 
that each colopr is destroyed by those rays the mixture of which produces the tint 
complementary to itself. (5). By tho well-known fact that tho combination of chlorine 
and hydrogen is effected by all rays, though in different degrees. (6). By tho fact, 
first observed by (Tardncr, that when a row of young plants germinated in tho dark is 
illuminated by a s- loctrum, they all bend towards the one which is illuminated by the 
indigo-rays, and this latter bonds towards the rays themselves. 

The statement that a substance is chemically affected by tho particular rays which 
it absorbs, is supported by the following facts: (1). Tho behaviour of silver iodide. 
The variously-coloured layers produced by the action of iodine-vapour on a silver 
plate in different lengths of time, are sensitive to light in very different degrees, each 
being unaffected by tho rays which it reflects, and affected only by those which it 
absorbs. Tho sensibility to light depends therefore not only on the chemical but 
also on tho optical nature of tlio iodide. A certain amount of rays must bo absorbed 
before the action begins, but when once begun, it goes on proportionally to tho time. 
(2). Tho fact, established by older as well as by recent experiments, that the rays 
absorbed by chlorine gas are exactly those which induce the combination of chlorine 
and hydrogen. 

P. Chastaing (A'/tn. Chim. Phys. [5], xi. 145-224) has made a large number of 
experiments on the chemical effect of variously coloured rays on compounds both 
inorganic and organic, from which ho draws tho following conclusions: (1). That the 
action of tho differently coloured rays on inorganic bodies varies in kind as Avcll as in 
degree, according to their refrangibility, tho violet and blue, and sometimes also the 
green rays, exerting a reducing action, the red and yellow rays an oxidisifig action, 
and that between the spectral linos D and E, at tho boundary of tho green and 
yellow, there is a neutral point, at which the light exerts no chemical action whatever. 
2. The chemical action of light on organic bociics is in all cases an oxidising 
action, increasing from darkness through the red to a maximum in the violet. 

These conclusions have however been controverted by II. W. Vogel {2)eut. Chem. 
Gch. Per. X. 1638) by roforonce partly to Chastaing’s own experiments, partly to facts 
which have long been established. Vogel finds, indeed, that rays of all colours are 
capable of exerting either an oxidising or a reducing action according to tho nature of 
tho body by which they are absorbed, and that tho so-called neutral point where, 
according to Chastaing, no chemical action takes place, has no existence. 

That tho violet rays do not invariably exert a reducing action is sufficiently showm 
by the well-known fact that chlorine and hydrogen combine energetically under 
the influence of these rays ; and that, on the other hand, the less refrangible rays can 
exert a reducing action is shown by Vogel’s experiments on chloride, bromide, and 
iodide of silver, from which it appears that tho alteration of these compounds in the 
red and yellow rays of the spectrum is qualitatively identical with that which takes 
place in the blue and violet, namely a reduction. The statement that light of all 
colours exerts an oxidising action on organic bodies is sufficiently refuted by the well- 
known fact of the decomposition of carbon dioxide by green plants under the influence 
of light. ^ This process, which is attended with elimination of oxygen, is undoubtedly 
a reduction, and according to recent experiments by Timiriazeff ( Oompt. rend. Ixxxiv. 
1236) takes place most rapidly in red light at the chief absorption-band of 
chlorophyll. 

Tho experiments of H. Vogel on the increase in the sensibility to light of haloid 
silver salts produced by addition of optically absorbing substjinces (vii. 750) 
have been repeated, with confirmation of their results, by E. Becquerel {Compt. rend, 
Ixxix. 185). On mixing a solution of chlorophyll with the collodion of the film of 
silver bromide or iodide, he obtained, in the red and yellow regions of the spectrum, 
several maxima of action, the strongest of which, situated between B and C, corre- 
sponded nearly with the principal absorption-band of chlorophyll ; the others, between 
C and D, with tho other absorption-bands of that substance. 

Further experiments by Vogel (Pogy. Ann. cliii. 218 ; Deut. Chem. Ges, Ber. vii. 
545, 976) on the sensibility of the haloid salts of silver to light have led to the 
following results : (1). Chloride, bromide, and iodide of silver are sensitive, not only 
to the more refrangible, but also, though in a far inferior degree, to the less refrangible 
rays of the spectrum. (2). The sensitiveness of silver haloid salts to the different 
spectral colours depends, not only on their optical absorption-capacity for these rays, 
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but likewise on the.optical absorption-capacity of admixed substances. (3). Coloured 
bodies— naphthalene-rod, for example— which assist the photographic reduction pro- 
cess, and at th^ same time absorb certain spectral colours, give rise, when properly 
applied, to a gi^at increase in the sensitiveness of silver salts to the absorbed rays. 
In this way, the sensitiveness of silver salts to the red, yellow, and green rays 
may be greatly heightened. (4). Mixtures of different colouring matters produce an 
effect equal to tlie sum of the effects of their several constituents. (5). Certain 
colourless bodies also {e.g. silver nitrate and morphine) which promote photographic 
redaction, exert a considerable modifying influence on the colour-sensitiveness of 
silver salts. (C). The photographic action of absorbent substances exhibits a cer- 
tain analogy to anomalous dispersion (vii. 742), inasmuch us the sensitiveness 
increases or diminishes with the index of refraction. Hence p^?fectly indifferent 
bodies, collodion, for example, which influence the index of refraction, displace both 
the absorption-band and the point of strongest photographic action. (7). The action 
of light reflected from coloured pigments is very different from that of the spectral 
colours, being affected not only by the optic^il composition of the pigment colours, but 
likewise by their far inferior brightness. 

The third of these laws respecting the effect of coloured bodies on the sensitiveness 
of silver haloid salts has boon called in question by M. Carey Lea {Sill. Am, J. [3], 
vii. 200 ; ix. 356), who points out especially that, according to this law, naphthalene 
and corallin ought to increase the sensitiveness of silver bromide to the green rays, 
whereas Vogel found that they gave incretised sensitiveness only for the yellow riiy.s. 
According to Lea, corallin greatly increases the sensitiveness of silver bromide for 
the red rays, moderately for the yellow, and not at all for the gr(*en. Vogel finds by 
further experiments (Dent. Chem. Ges. Ber. viii. 95, 1635) that diffJn nt silver salts 
are variously affected by one and the same colouring matter. Naphtlialcne-red added 
to silver bromide increases its sonsitiveiie.ss to the yellow, and produces a similar and 
greater effect on the chloride. Fuchsino acts with silver i>romido in a manner exactly 
corresponding with its absorption, and almost in the same way as naphthalene ; with 
silver cldioride it does not greatly increase the sensitiveness to any rays except the 
violet. A similar behaviour is exhibited by colourless Ixdies, like morphine, which 
increases the action on silver bromiodide in the green, blue, and violet, but has no effect 
on the bromide. Pyrogallol acts nearly in the same manner. 

The following conditions are laid down by Vogel as necessary to insure the con- 
formity of a colouring matter to his law above mentioned: (1). It must optically 
absorb that particular kind of light for which it is to make the collodion sensitive. 
(2). It must be capable of combining chemically with free bromine or iodine. (3). It 
must DOt decompose silver nitrate, as in that case it would interfere with the prepara- 
tion of the plates. 

Methyl-violet and cyanine were found to strengthen tlie action on silver bromide 
of the rays which they absorb, the latter intensifying the action of the orange-rays in 
a very high degree; picric acid, aniline-blue, night-blue, penseo-lac, indigotin, ami 
purpurin, on the contrary, did not exhibit any such intensifying action. The coloration 
of a film of silver bromide by colours which are destroyed by the action of free acids 
in the collodion or in the silver-bath may bo most readily effected by wotting the 
prepared bromide of silver plates with an alcoholic solution of the colouring matter, 
and leaving them to dry. 

Vogel also finds (Ber, ix. 667) that silver bromide (like the iodide) exhibits a very 
different degree of sensitiveness to light, accordingly as it has been precipitated with 
excess of silver nitrate or of potassium bromide. The ])romido by itself is much more 
sensitive than the. iodide, but its sensitiveness is not increased by the action of 
intensifying substances, whereas all such bodies heighten the sen.sitiveness of the 
iodide in a very great degree. Plates prepared with excess of potassium bromide 
showed no action in the yellow, whereas when immersed in a bath of silver nitrate 
and then coated with naphthalene-rod, they became sensitive to yellow light. A 
similar effect was produced by cyanine. Vogel accordingly draws a distinction 
between bodies which increase the sensitiveness of silver bromide or iodide by their 
power of optical absorption, and those which, like Unnin, act chemically by combining 
with the bromine or iodine. 

According to Carey Lea (Sill. Am. J. [3], xi. 459 ; xii. 48), the optical absorbing 
power of sensitising substances has very little to do with their property of rendering 
silver bromide 8on.sitive to rays of lower refraiigibility. Of fourteen red colouring 
matters examined, corallin alone rendered that compound sensitive in the green, which 
effect, however, cannot be due to its power of absorbing the green rays, since it renders 
the silver bromide still more sensitive to the red rays which it transmits ; moreover, 
its sensitising action is not destroyed by the action of acetic or gallic acid, which 
turns it yellow. The following colouring matters, which are more or less non-absorbent 
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for the green rays, nevertheless heighten the sensitiveness of silver bromide for these 
rays ; potassium arsenite, silver arsenite, salicin, codeine, morphine acetate, tincture 
of capsicum, ammonium valerate, and caffeine (?) Many alkaloid's diminish the 
sensitiveness for the green. The only body which acts nearly in accordance with 
Vogel’s law is chlorophyll. 

Lea lias also examined the sensitiveness of a number of silver-salts to light, cliiefly 
with the view of ascertaining which of them, besides the chloride, bromide, and iodide, 
can 1 ) 1 ! used for photography. Paper was impregnated with soluble salts of acids 
capable of forming insoluble compounds with silver, then floated on the surface of 
silver nitrate ; some of the paper was also treated with galloUinnic acid. It was then 
exposed .to diffused light for seven to twelve seconds, and the imago developed by 
pyrogallol, ammon*^im carbonate, and potassium bromide. None of the substances 
examined gave strong images, with the exception of the platinocyauide and the 
arsenite. Tannin was not found to exert any beneficial action (SUL Am. J. [3], xiii. 
369). 

Photographing of the Ultra-red and Violet Bays. — J. Waterhouse {Proc. 
Hoy. Soo. xxiv. 186) has obtained reversed photographs of the extreme red and ultra- 
red rays of the solar spectrum on silver bromide collodion plates, which were exposed 
for a second to diffused daylight before being subjected to the action of the spectrum. 
The blue and violet rays between F and H wore also frequently reversed on silver 
bromide plates coloured and uncoloured, after prolonged exposition. 

Waterhouse also finds that silver bromide plates, coloured with oosin, are most 
sensitive to the green and yellow rays, a fact which accords with Vogel’s theory; for 
the pigment, when dissolved in water or alcohol, is of a light orange-red colour with 
green ish-y cl loAv hnorescence. The absorption-spectrum of the dilute aqueous solution 
shows a darkening from below E to above F. Plates coated with bromiodido of silver 
exhibited only a slight increase of action in the green and yellow. For the photo- 
graphing of coloured objects, plates thus coloured were found to bo not well adapted, 
on account of the retardation of the action consequent on the colouring. 

Production of Coloured Spectra by the Action of Light.-- Kxnmphfi of 
the production of natural colours by the agency of light were shown some time ago by 
Pocqucrel; and Captain Abney, in a paper lately com’inunicated to the Iloyal Society 
(Juno 19, 1879), reports that lie has succeeded in obtiiining coloured piitturcs of the 
solar spectruTn both on silver plates and on compounds of silver held in position by 
collodion. The spectriini imprints itself in approximately natural colours, which are 
more brilliant on tlu? silver plate than on the collodion film, but those on the latter 
can be seen by transmitted as well as by reflected light. These colours are produced 
by oxidation of silver-compounds placed in the spectrum, an exposure of two 
minutes with a wide slit being sufficient for their development (Chein. News, xxxix. 
282). 

Action of Light on Potassium Iodide. — Vidan (Pharm. J. Trans. [3], v. 383, 
393) observes that a neutral solution of potassium iodide is decomposed by bright 
sunshine. The pure solution turns yellow from separation of iodine; paper soaked 
in solution of potassium iodide and starch-paste, and sealed up in a glass tube, is 
tiiniod bright blue when exposed to sunshine for an hour. On this account the use of 
iodistid starch-paper as a tost for ozone may load to very uncertain results, as formerly 
pointed out by Cloez (Compt. raid, xliii. 38) and by Caiupani (Cimento, iv. 112). 

On the Deeompositiou of Hydrogen Iodide by Sunlight, see Chkmical Actio:* 
(p. 429). 

Action on V an adium Salts. — Acid potassium vanadate, in contact with organic 
substances, is turned by light first green and finally blue; when not in contact with 
organic matter it is unaffected by light. Neutral sodium vanadate laid on glass in a 
colourless film and exposed to sunshine is somewhat browned, but becomes colourless 
again when loft for some hours in the dark Jind in a draughty place. Paper moistened 
with its solution acquires a slate colour, and if then dipped into solution of silver 
nitrate, instantly becomes dark brown to black, according to the time of exposure. 
This salt may therefore bo used for photography. 

Action on Sulphurous Acid. -Dilute solutions of sulphurous acid, exposed to 
sunshine for a whole summer in sealed glass tubes, remained clear for two months, 
but afterwards exhibited a continually incre;ising turbidity, sulphur ^ being separated 
and the liberated oxygon converting the r^imaining sulphurous acid into sulphuric 
acid. Solutions of sulphuric acid, sulphates, and sulphites, under similar circum- 
stances, showed no sign of altemtion. 

Action of different rays on Chlorophyll. — The following experiments have been 
made by J. Wiesner (Pogg. Ann. clii. 496 ; cliii. 622) with reference to the mueli 

VoL. VIII. 4 L 
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disputed question as to which rays of the spectrum are most active in the decompo- 
idtipn of chloro{i^yll. Equal and similarly disposed quantities of chlorophyll>solution 
. Wire subjected^o the action of rays which had passed through equally tliick layers, 
either: (1) of a white turbid liquid (water in which calcium oxalate was suspended) ; 
or (2) of a yellow solution of potassium dichromate ; or (3) of a green ethereal solution 
ot chlorophyll ; or (4) of a red solution of flesculin-orccin ; or (6) of a blue solution of 
cuprammonium sulphate, particular care having been taken to make the five solutions 
equally transparent. It was found that the action was strongest wl¥3n the light had 
passed through the first medium, and diminished for each of the successive media in 
the order above stated, so that the yellow rays from C to E must bo regarded as the 
most effective, a result likewise obtained by Pfeflfer {infra). Xauthophyll, how'ovor, 
which, when an alcoholic solution of chlorophyll is shaken up wi/i liglit petroleum or 
carbon sulphide, alone remains dissolved in the alcohol, is most quickly decomposed 
by rays which hjive passed through cuprammonium sulphate. Wiesner infers from 
his experiments that the decomposition of dissolved chlorophyll under thoinfiuenceof 
light is an oxidation process from beginning to end, whereas Gerland regarded the 
presence of oxygen as necessary only to start the action (vii. 327). 

E. liOmmel {Potjg. Ann. cxliii. 568 ; cxlv. 142) infers, from experiments on tlio 
influence of coloureil light in promoting the decomposition of carbon dioxifle by plants, 
that this action is greatest for the rays which correspond in refrangibility with the 
absorption-band of chlorophyll between B and C. Pfeifer, on the otlwr hand {ihid. 
cxlviii. 86), disputes this conclusion, and finds that the curve of decomposition has its 
maximum in the yellow, and descends regularly on both sides from that point. His 
experiments were made by exposing a green plant {Elodca Canadi vs^s) in aghiss tube 
filled with water to the several parts of a spectrum formed by light passing through 
a slit 0 mm. wide, and counting the gas bubbles evolved in given time. More exac't 
experiments have however been made by Timiijaseff {Ann. Chim. Phys. [5], xii. 255), 
who exposed strips of bamboo-leaf of equal width contained in narrow test-tul>es, and 
enclosed in an atmosphere containing 5 per cent. CO'-^, to the action of the several 
parts of a spectrum produced with a slit only 1 mm. broad and a prism of carbon 
disulphide, and subjected the gases evolved after five hours* insolation to a very careful 
analysis. The result of his (Experiments is to show decidedly that the maximum 
decomposition is produced by the rays corresponding with the characteristic absorpi ion- 
band of chlorophyll in the red, and that the rays for some distance before K (ytdlow- 
ish-green) have no influence whatever. The contrary results obtained by Pfeffer are 
attributed by Timirj’aseff to the necessarily impure spectrum obfciincd with an aperture 
5 mm. wide, and to the inexact measurement of the products of decomposition. Tlio 
same part of the spectrum appears also to correspond with the greatest mechanical 
energy of the luminous vibrations ; moreover, ab.sorption-banda are produced in this 
neighbourhood by carbon dioxide and water-vapour. The fact that blue and violet 
light, which are likewise absorbed by chlorophyll, nevertheless exert no influence on 
the assimilative power of plants, requires special explanation, which has not yet been 
obtained. 

Measurement of the Chemical Intensity of Sunlight. — E. Marchand 
{Ann. Chim. Phys. [4], xxx. 302 ; Monit. Sdent. [3], vi. 979) uses for this purpose a 
mixture of ferric chloride and oxalic acid in equivalent proportions, which, undcT the 
influence of insolation, is decomposed as represented by the equation ; 

Fe*Cl« + C-THO< = 2FeCl2 2HC1 -l- 2GO\ 

The quantity of carbon dioxide evolved in a minute corresponds with a certain 
quantity of heat evolved (according to Favre, the oxidation of 1 gram of oxalic acid 
evolves 670 gram-degrees), and this is regarded by Marchand as a measure of the 
chemical pow’cr of the solar rays. The solution is most strongly decomposed by tho 
blue rays between F and G-, the action diminishing much more slowly towards tho rod 
than towards the violet end. When the liquid is in constant contact with a horizon- 
tally exposed surface of glass, the number of c.c. of carbon dioxide evolved per square 
centimeter is expressed, for a mean sun’s altitude 4, by the formula 

m « 0-00092300 + 0*00000729 (4-1). 

When the rays are reflected constantly at right angles to the surface by a heliostat, 
the expression becomes 

* w' = 0 001394 + 0 000002(4-1). 

These numbers are true for the sesrlevel at F4camp on the Channel for a perfectly 
clear sky. The chemical irradiations are not altered by wind, but are affected by 
olouds, brightly illumined cirri and cumuli increasing the reaction. By this method 
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Marchand has drawn up tables representing the chemical climate of F^bamp. E. 
Becquerel, however, observes that these tables can have only a relative value, and 
cannot afford a true measure of the chemical energy of the rays, inf.smuch as rays 
which have no action on the particular liquid employed might bo capable of exerting 
a very powerful action on other liquids. 

J. Dewar (Phil, Mag. [4], xliv. 307) has calculated, from Boussingault’s measure- 
ments of the decomposition of carbon dioxide by the leaves of plants (An 7 i. Chim. 
Phya. [4], xiii. 416), the fraction of the total energy of the solar rays received on a 
unit of leaf-surface, which takes the form of chemical energy. Starting from the two 
formulai, 

CO^ + H*0 = CO, -t- 0, 0 
6(CO,H2) = C«H>20* 


and the thermal equivalents, CO, 0 = 68000 ; H* 0 = 68000 ; glucose, C®H'*0®= 642000 
(the last said to have been determined by Frankland), he calculates as follows; 
According to the first formula, the decomposition of 1 c.c. CO* requires 6*06 gram- 
(l(‘grces of heat. If, however, the products of decomposition become condensed, as 
represented by the second formula, the quantity of heat required will be only 

^ ^ O^eSO p ' d^-T ' e MoiT) "" ^ according to Boussingault, 1 square 

centimeter of loaf-surface assimilates in an hour 6*28 c.c. CO* while on the other 
hand Pouillet estimated the amount of energy radiated by the sun in the latitude of 
Paris on 1 square centimeter of normally exposed surface at 6000 gram-degrees, it 

follows that the chemical energy of light is—^?- i of the total energy. 

XiZGXrXTS. A lignite from Disco Island, on the west coast of Greenland, hjis 
been analysed by II. Wurtz (Amer, Chmist, iv. 401). The substance desiccated in 
dry winter air contained 14*00 per cent, water, 36*38 volatile matter, and 50*62 coke 
( -■-41*79 carbon and 8*83 ash). When ignited oven in a covered crucible, it omits a 
dull yellow, smokeless, feebly luminous fiame. It gives off* water at the heat of a 
sand-bath, aiul contracts strongly at higher temperatures, yielding an anthracitic coke, 
the volume of which is about 40 per cent, less than that of the original coal. The 
ash of the coke, which has a green colour, due to manganese, melts at high tempera- 
tures to a dark-coloured glass : it does not contain carbonic acid. The lignite has a 
very high specific gravity ^1*462-1*468 ; that of the coke is 1*836. Tho coke con- 
tains also a large quantity of occluded gas, which it does not give off completely till it 
has been boiled for half-an-hour. 


On the composition of lignito from Toula in Eussia, see p. 526. 

On tho gases enclosed in lignito from Bovey Heathficld, see p. 534. 


XiZMBACHZTE. A hydrated silicate of aluminium and magnesium, occurring 
in clefts of tho serpentiuo of Liimbach. A and B. Analyses. C. Numbers calculated 
from tho formula 3Mg0.Al*0®.3Si0*.3II*0 : 



SiO» 

A1*0* 

Fe*0» 

MgO 

H*0 

A. 

41*42 

22*09 

undet. 

23*67 

12*47* = 99*65 

B. 

42*03 

19*56 

1*46 

25*61 

12*34 =101*00 

C. 

39*38 

22*54 


26*26 

11*82 =100 


Sp.gr. 

*2*395 


XZEARXTE. This mineral occurs in the Ortiz mine, Sierra do las Capillitas, 
Argentine Republic, together with m*alachite, azurite, cerussite, bj*tx?hantite, and 
anglosito (A. Stelzner, Min. Mitt, 1873, 249). An analysis by Freiizel (Jahrh. f. Min. 
1875, 675) gave: 

CuO H“0 PbSO* Rp, gr. 

20*22 4*69 74*42 = 99*33 6*06 at 17°.t 

MUCZXiAGB. See Mucilaqe. 


OZXi. An adulteration of this oil with cod-liver oil may be detected 
by stirring up 10 grams of it with 3 grams of commercial nitric acid, and leawing the 
mixture at rest till the oil and acid have separated. Pure linseed oil thus treated 
exhibits first a sea-green, then a dirty yellow-green colour, while the acid acquires a 
light yellow colour. If, on the other hand, cod-liver oil is present, the oil becomes 
dark-brown to black, tho acid orange-yellow to yellow-brown IDinql. ml. J, 
eexv. 284). s ^ ^ 

On the preparation of Linseed-oil varnish and of Varnish-paper, see E. Thorey 
(vingl, Pol. J. ccxiv. 427 ; Jahresh f. Chem. 1874, 1197). 


• At 100° = 4*4 per cent. t Stelzner found 6*23 at 16®, 
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UQVZBAMBAR. W. L. Harrison {Arch, Pharm, [3], vi. 541) obtained from 
the balsam Liquidambar atyraciflua^ cinnamone, cinnamic acid, styracin, and a 
dark-brown, nArly scentless and tasteless resin, easily soluble in alcohol, insoluble in 
carbon sulphide. 

J. M. Maisch {tfAd, 645) infers from the results of Harrison’s investigations that 
the balsams of Liquidambar styracifiua and L, orientdle are identical, and ascribes 
their difference of external aspect to the presence of water in the balsam from L. 
orimtale. To obtain pure styracin (cinnyl cinnamate, and cinnamic 

acid from the balsam, Maisch recommends extraction with petroleum -ether, whereby 
a solution is obtained, which deposits a mixture of the two substances, separable by 
ammonia. ^ 

XiXQVZBS. Absorption by Charcoal. — The absorption of water, alcohol, ether, 
carbon sulphide, and bromine by charcoal is attended with considerable evolution of 
heat. 5 to 10 grains of charcoal in contact with a 7 to 9-fold quantity of bromine 
produced a rise of temperature exceeding 30°. The volatile liquids thus condensed in 
the pores of the charcoal are only partially expelled, or not at all, at 100° (Melsens, 
Compt. rend. Ixxvii. 781). 

On the Compressibility of Liquids, see Amagat {Ann. Chim. Phys. [5], xi. 
520-549 ; Jahresb.f. Chem. 1877. 71). 

Quincke, in connection with his former observations on the 
phenomena of capillarity at the surface of contact of two liquids (vii. 240-243), has 
investigated the edge-angle at the contact of a liquid and a solid,, and the spreading 
out of liquids on the surface of solid bodies {Atm. Phys. Ckcm. | 2], ii. 145-194). The 
results are stated in the following propositions; (1). The known properties of the 
surface of contact of two liquids may be extendwl to that of a liquid and a solid. 

(2) . The contact-surface of a solid 1 and a liquid 2 tends to become as small as possible, 
or there prevails in it a certain surface-tension, ai, 2 , independent of the geometrical 
form of the surface, and dependent only on the ‘nature of the substances 1 and 2. 

(3) . The maguitud*e of the edge-angle of a solid 1 and a liquid 2, 'both bounded by a 
liquid 3, is determined by tho nature of the three substances, and is independent of 
the geometrical form of the surface. (4). The main proposition of tho theory of 
capillarity, established by Thomas Young, respecting the constancy of tlie edge-angle 
of tho free surface of a solid and a fluid is a particular case of the preceding theorem 
(3), tho fluid 3 consisting of the air. (5). The edge-angle may bo deduced by calcula- 
tion from the measurement of the surface of flat drops and bubbles, or moMsurod 
directly by reflected light. (6). The edge-angle of tho free surfaeo of dillereiit 
liquids sucli as water, alcohol, &c., and of aqueous or alcoholic salt-solutions towards 
clean surfaces of glass, quartz, or mct;d, appear.s to be equal to 0^, the liquids spreading 
freely on the clean surface of the solid. (7). If the edge-angle, as in mo.st, cases, has 
a greater value, the surface of tho solid becomes coated with an iiniauvcplibly thin 
layer of foreign substance, tho edge-angle varying with tho thickness of the layer. 
(8). The thickness of this layer cannot, however, exceed a certain maximum value 1), 
which is equal to or greater than the radius of the sphere of action of tho molecular 
forces. (9). This thin layer adhering to the surface of the solid body may consist 
either of solid, or of liquid, or of gaseous substance. (10). It may consist of the 
liquid itself, which is in contact with the solid, and may be recognised, not only by 
the edge-angle, but also by the so-called ‘ creeping ’ of .salts, or by the rate of electric 
conduction on the surface of the solid, — ^in some case.s also l^y tho interference-colours 
of the light reflected from it. (11). These imperceptibly thin laytirs of liquid differ 
in properties according to the mode of their production, and the length of time 
occupied therein, or according to the nature of the iKxlies to w'hich they adhere. 
Quickly formed drops of water spread out on freshly cleaned surfaces of glass more 
quickly than those which have been slowly formed. (12). These imperceptibly thin 
films of foreign substance appear also to afford an explanation of tho differences 
between theoiy and experiment in tho estimation of the surface-tension at the common 
boundary of liquids and solids. (13). If the edge-angle is equal to 0°, or impossible, 
the liquid spreads out on the surface of the solid body. (14). In liquids which mix 
together in all proportions, that which has tho smaller surface-tension, 01 , 2 , displaces 
that which has the greater surface-tension, O]^. Tho surface-tension and the possible 
displacement vary, however, with the nature of the solid substance. (15). The presence 
of other fiuids, and especially of air, may essentially modify the spreading of a liquid 
on the surface of a solid. (16). The dependence of the edge-angle on the thickness of 
the imperceptibly thin film on the surface of a solid explains the breath-pictures of 
Moser Ann. Ivi. 177 ; Ivii. 1) and Waidelo {ibid. lix. 256) with water-vapour; 
the light-pictures of Daguerre with mercury-vapour Compt, rend. ix. 257), and the 
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electric breath-piotiiros of G. Karsten (JPogg. Ann. Ivii. 493) and Riess (Reibungs- 
elektridtdt, ii. 224), with tho vapours of water, mercury, and iodine. 

Quincke further observes that a glass surface can never bo perfectly cleaned by 
rubbing it w'itli a linen cloth and alcohol, or by prolonged immersion in alcohol. Tho 
best way of proceeding is to treat tho glass with hot strong sulphuric acid, then rinse 
it with distilled water, leave it immersed in water for a long time to remove the last 
traces of acid, and dry it in tho warm current of air over the colourless flame of a 
Bunsen lamp. • It must then be left to cool on a clean clock-glass in a clean glass 
vessel covered with a glass plate. Metals are still more difficult to clean than glass, 
floble metals may be ignited in a colourless Bunsen flame and left to cool in clean 
covered vessels. 

The creeping efflorescence of salts is commonly attributed to the rise of the 
solution between the salt already crystallised out and the side of the vessel. The 
formation of tho first crystals, which often takes place on a part of the solid surface 
at a considerable distance from the.liquid, is, however, determined by tho imperceptibly 
thin film of salt-solution which covers the surface of all solid bodies, as metals, glass, 
quartz, &c. When a portion of the water evaporates, a fresh portion of the salt 
solution flows in beneath tho thin film. Tho thickness of the film and the quantity of 
salt solution which thus flows out are greater in proportion to tho degree-of cleanliness 
of the solid body. Crystals of the salt form on that part of the surface where the 
water evaporates most cjuickly, that is to say at the outer edge of the liquid film. 
The surface of tho solid body often exhibits different degrees of cleanliness on different 
parts, and then tho crystals form first on the cleaner places, and at a greater distance 
from the flat drop of liquid, than on tho less clean parts. If tho surface of tho solid 
body is covered with a thin layer of oil, no efflorescence takes place. .Since glass 
surfaces, when exposed to the air, remain clean longer than metal surfaces, salts 
mostly effloresce on them more readily than on metal surface!^ For tho rest, efflores- 
cence or creeping will be most readily exhibited by those salts which, when sufficiently 
concentrated, still remain mobile — that is to say, the least viscid salts will, under 
otherwise similar conditions, effloresce with the greatest facility. 

Tension and Capillarg Constants of Liquid Films . — The follov^Ing table exhibits 
the results obtained by Sondhauss {Fogg, Ann. Ergan'^bd. viii. 266) resnccting the 
tcnsi'jn and capillary constants of liquid films formed. in rings of wire. The oxpori- 
ineiits oti tho first two liquids w'ere made at tho temperature of tho air : 




CapilIariiy-con> 

Observed .capillary 

Capillarity-con- 


space of 1 mm. 

Btant thence 
deduced 

licight for 1 mm. 
radius 

stnnt thence 
deduced 

Soap solution : 





1 : 100 

6*27 mg. 

2-63 mg. 

6-38 

— 

1 : 1000 

5-25 

2-62 

664 

— 

1 : 3000 

6'47 

2-73 

6-61 

3-3 

Saponin solution : 





1 : 1000 

11-76 

5-88 

12-41 

6-20 

1 : 10000 

13-66 

6-83 

14-32 

7-16 

1 : 20000 

14 22 

711 

14-46 

7-22 

Water : 





Temperature 





l-fio 

15-58 

7-76 

— 

— 

3-6 

16-35 

7-67 

— 

— 

6-0 

16-26 

7-62 

— 

— 

16*6 

14-86 

7*43 

— 

— 

Mercury : 





Temperature 





0° 

— 

63-86 

— 

— 

7*5 

— 

61-73 

— 

— 

18-2 

— 

49-67 

— 

— 

25 

— 

47-8 

— 1 

1 


Obermayer {Fogg. Ann. cli. 180) describes the radiate spreading out of strong 
solutions of aniline-dyes in commercial aniline on water, and finds therein a confirma- 
tion of tho view advanced by Monsbrugge {ibid, cxxxviii. 323 ; Jahresh. f Chem. 
1669, 39) that the tension on the surA^ce of a liquid is diminished by placing on it a 









1238 LIQUIDS. 

drop of another liquid of inferior surface-tension, which gives rise to a movement of 
the superficial particles in the direction of those portions where the original tension 
exists. V 

On the Forms of Equilibrium of Liquid Masses, see Plateau rend, 

Ixxviii. 38). 

On the Surface-viscosity of Liquids (Plateau, Instilut. 1873, 32 ; Chem. News, 
xxvii. 161 ; Jahresh,/. Chem. 1873, 26). On the Vibrations of Liquid Surfaces of 
Definite Form, &e., Barth^lemy {Ann. Chivi. Phys. [6], i. 100-122). ' 

On the Movements of Camphor and of certain Liquids on the Surface of Watet* 
see Tomlinson {Pharm. J. Trans. [3], iv. 654, 672). 

On the Disunion of Saline Solutions, see Johanuisjanz {Ann. (phys. Chem, [2], 
24-47; Jahresh. f. Chem. 1877, 80). • 

Velocity of Efflux from Capillary Tubes. — A. Guerout {Conipt. rendi 
Ixxix. 1201) has determined the influence of temperature on the rate of capill^y 
efflux. The values for water, given in the following table, show the number of cubic 
millimeters run out in a second : 


Temperature of 
the water 

Coefficient 
of effiux 

Temperature of 
the Wiitor 

Coefllcit'nt 
of efflux 

10® 

3045 

16® 

3525 

11 

3110 

17 

3615 

12 

3190 

18 

• 3703 

13 

3270 

19 

3795 

14 

3350 

20 

3890 

15 

3440 


i 


These numbers form a geometric series with the common ratio 1*()25 ; for a solution 
of potassium sulphate of 10® B. the ratio is 1*026 ; for potassium carbonate of 43® B. 
it is 1*046. Considering the rapid decrease of mobility in the molecules of a liquid as 
the temperature falls, the arrest of circulation in the capillary tissues of the organism 
in consequence of frost may be due, not to freezing, but to a partial annihilation of 
mobility. 

Guerout {Co7npt. rend. Ixxxiii. 1291) has also determined the tolld’Wing efflux 
coefficients. 

Adds. 


Formic acid, CH^O'-* 115*0 

Acetic „ C*H^O* 160*5 

Propionic „ C’HW 189 

Butyric „ C<11W 129*5 

Valeric „ C»H'W 92;i 

Caproic „ C®H‘*0* ........ 64*0 

Ethers.. 

Ethyl Formate, C®H®0- . . 542*0 Methyl Actuate, C^JPO- , . 534*5 

„ Acetate, C‘II'^0- . . 450*3 Pithy! „ C^Il^O- . . 450*3 

„ Propionate, C*H'®()'^ . . 360*3 Propyl „ C’'1P‘'0-^ . . 362*8 

., Butyrate, C«H''-*(P . . 297 0 Butyl „ . . 305*3 

„ Valerate, C'H'^0* . . 241*3 Amyl „ C'H^O'*' . . 230*2 


For all ethers, the coefficient of capillarity efflux is much greater than for the 
alcohols and acids from which they are formed. Isomeric ethers exhibit among 
themselves the same state of fluidity, which however is different from that of the 
acids which are isomeric with them. 

Expansion of Liquids consequent on the Absorption of Gases . — 
J. Mackenzie a. E Nichrd.s {Ann, Phys. Chem. [2J, iii. 134) have determined the ex- 
pansion thus produced, by exactly filling a vessel with the liquid to be examined, 
connecting it with a second vessel, and passing in the gas till the liquid is completely 
saturated. The portion w*hich overflows into the second vessel is then weighed, as 
also that which remain^ in the first vessel. 

The following table gives the average coefficients of expansion for water and 
carbon dioxide thus determined: 
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Tcnipcniture 

Coofllcieiit 

Teraptrature 

(kM'fllcient 

2° 

0 002144 

17“ 

0001240 

i\ 

0()0’.72G 

18 

0001280 

8 

0 001670 

22 

0001210 

12 

O-OOl 150 

27 

0-001190 

14 

O-O01379 

32 

0-001 010 

IG 

0-001378 




ji. On comparing ' 'hose results with the coefficients of absorption, as given by Bun- 
sen, it is seen that the expansion is directly proportional to the amount of gas 
absorbed. The density of the absorbed carbonic anhydride is found to approximate 
^ ^osely to the value given for the liquefied gas by Andrews {Phil. Mag. [5], i. 78). 

The expansion by heat of watcT saturated with carbon dioxide was detennined in 
a glass vessel having a narrow glass tube dipping into mercury. The vessel filled 
with the saturated aqueous solution of the gas was cooled about 2°, and the amount of 
mercury which passed into the narrow' tube was determined. The following table 
w’as thus obtained: — 


TciiiiHTJiture 

interval 

Avemge 

tempemture 

Coefficient 

10 - 1-90° 

2*95° 

0*0000601 

5-8 - 3*40 

4*6 

0*0000610 

7-4 _ 4-80 

6*1 

0*0000679 

1215— 9*85 

11*0 

00000999 

12-85— 11-21 

12*03 

0*0001130 

lG-50— 12-75 

14*62 

00001252 

20-G0— 16-4 

19-0 

0 0001710 

i 23-43—20-33 

21*88 

0*0001811 

! 25-3 —23-46 

22-88 

0*0002170 

i 27*55— 26-0 

26-27 

0*0002526 

29-16— 26-32 

27*73 

0*0002923 

31-7 —28*73 

30*21 

0-0002680 


On the Condaciing Powers of Liquids for Elcctricitg and Ilcaf^ sec pp. 723-725 
and 1018. 

Experiments by Tollingcr on the Electric Resistance of solutions of sulphuric 
acid and various salts to the passag(3 of constant and varying voltaic currents, have 
yielded results agreeing very nearly with those of Kohlrausch (p. 723), and have 
shown further that the values obtained with constant and with induction currents do 
not exhibit any material diflferences {Ann. Phys. Cheni. [2], ii. 610 ; Chem. Soc. J, 
xxxiv. 103). 

Oil Liquids enclosed in Mineral Cavities^ see Fluid Cavities (p. 793). 

Separation of Mixed Liquids , — A homogeneous mixture of tw'o liquids may 
oft(5n bo separated into two layers by a slight change of condition, ':uch as a fall of 
toiuporature. Whntever may have been the composition of the mixture, that of 
the tw'o layers thus formed is constant, their relative volume alone varying. The 
same statoment holds good in the case of three liquids where the third is uniformly 
distributed in both layers. 

In certain cases a variation of O'l® C. will cause separation. For example, a mix- 
ture of 15 C.C. of amyl alcohol, 20 c.c. of ethyl alcohol, and 32*9 c.c. of water remains 
homogeneous at 20°, but with the slightest fall of temperature it divides int-o two 
layers, which do not reunite unless shaken up. By varying the quantity of water, the 
trniperaturo of separation may bo varied. Such mixtures may be used for the con- 
struction of minimum thermometers. A mixture of 10 parts ether, 6 parts ordinary 
methyl alcohol, and water, is transparent at low temi)eraturcs, but when heated 
ah')ve a certain point, which varies with the quantity of water, it becomes turbid, 
and resolves itself into two layers. With this liquid, therefore, maximum thermo- 
meters may be constructed (Duclaux, Compt. rend. Ixxxi. 815). 

Ebullition of Superimposed Liquids . — According to Gernez (^7>/V. Ixxxvi. 
472), superimposed liquids having no chemical action upon one another, boil at the 
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same temperature as that at which the sum of the maximum tensions of their vapours 
is equal to the pressure. The following are examples : 



Boiling 

tem- 

perature 

1 Sum of tlie 

1 maximum ion- 
1 sions of the 
two vapuura 
! at the Ixiiliiig 
= temperature 

Exoi*s of 
pri‘l»nr(! 

1 

I’nwsure 

Carbon bisulphide and water . . ; 

Carbon chloride and water 

Benzene and water .... 

43*68^ 

1 66*17 
69*43 

766*64 

i 747*36 1 

765*92 

1 1*29 
£ 1-91 
^ 1*48 

765*35 

745*45 

764*44 


On the Distillation of Liquids not miscible with Water in a Current of Steam, 
see Naumann, p. 918 of this Volume. 

An Apparatus for Measuring the Heat of Vaporisation of Liquids is described by 
Bcrthelot {Compt. rend. Ixxxv. 616); and an Apparatus for Measuring the Heat 
evolved in the Compression of Liquids, by Bavro a. Laurent {Ann. Chim. Phys. [5], 
i. 433). 

]LZTRXA-PSZI.OMSXiAXS and XiZTOZOPBOUZTS. See Manganesr 
Oxides. 

ZiZTBZITM. Occurrence. — This clement has been found in nearly all the 
members of the Upper and Lower Muschelkalk in the neighbourhood of Wiirzburg; 
also in the Loess of Geisnidda in Upper Hesse, a river-deposit 20 to 30 feet thick on 
the edge of tho Nidda Valley. The portion of this deposit wliicli is insoluble in 
hydrochloric acid contains 0‘007 per cent, of lilhia (Hilgrr, Ikut. Chem. Ges. Ber, 
viii. 335; Landw-Ver.^uchs‘Stationcm,x\\\\. 166). 

Accoriliug to Truchob {Compt. rend. Ixxviii. 1022), the soil of Liraagnc in Auvergne 
is very rich in lithium, 100 grams of it containing from 31 t») 132 milligrams of 
lithium carbonate. The lithium passes into nearly all tho phints growing on this 
soil, even rape and marigolds containing it. Contrary to the statement of Grandcau 
{Jahresb.f. Chem. 1872, 234) 100 grams of the ashes of these plants were found by 
Truchot to contain 10 mgm. lithium chloride; lOOgrams of tobacco ash yielded 440 mgm, 
of the same salt. Several mineral waters of Auvergno u’ere also found to contain 
lithium, viz. — 


Name of Water 

LiCl in 

1 litre 

Tfame of Water 

LiCl in 

1 Hire 

Mont Doro 

. 8 mg. 

La Boiirboulo .... 

18 mg. 
22 

Royat, source Cesar . 

. 9 

S.ainte-Nccta.iro 

Clermont ; 


Chatel-Guyon . . . . 

28 

Source des Salins . 

. 14 

Saint-Alyro . . . . 

31 

Source do Jaudo . 

. 15 

Jjes Koches .... 

33 

Source de Ijoiselot . 

. 18 

Chateauneuf . . . . 

35 

Artesian Well 

. 20 

Royat, source do reUiblissement 

36 


According tc Froseiiius {J. pr. Chem. [2], xvl. 278), the warm spring of Asrnanris- 
hausen in Nassau contains 0*01746 pt. per thousand of normal lithium carbonate, 
Li“CO». 

S. de Luca {Compt. rend. Ixxxvii. 174) has detected lithia in the trachytic earth 
and tho water of the Solfatara at Pozzuoli. 

L. Dieulafait {Ann. Chim. Phys. [5j, xvi. 377) has shown that lithium is much 
more widely diffused in nature than has hitherto been supposed. He has found it in 
sea-water from all parts of the globe, in quantity sufficient to bo easily recognisable 
by the spectroscope in the residue obtiiinod by evaporating less than a cubic centi- 
meter of the water ; in larger quantity in the water and the mud of salt marshes : in 
salt springs, and in mineral waters belonging to the primary rocks ; further in these 
rocks themselves (granite, syenite, gneiss) ; and in gypsums both of the secondary and 
tertiary formations — not however in tho crystals of pure calcium sulphate, but in the 
marls which accompany them. The genersil conclusion is that lithia is as widely 
diffused as potash and soda, and is found accompanying them in rocks of all ages, in 
sea water and in mineral waters. 

Preparation. — The Mlowing method of preparing lithium-salts on the large scale 
from lepidolite, as practised at Schering’s works in Berlin, is de.scribod by Bil singer 
{Dinglpol. J. ccxix. 183 ; ccxxii. 321, 386). Tho finely ground and sifted mineral is 
stirred up to a thin paste with strong sulphuric acid in a warm brick trough, and 
digested, with gentle stirring till it forms into lumps, which are then calcined in a 
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reverberatory furnace Jind thoroughly lixiviated irith water while still warm. The 
lye thus obtained is mixed with a quantity of potassium carbonate sufficient to convert 
all the alumina into alum ; the alum-meal which separates on boiling is removed ; and 
the small remaining quantity of alumina is precipitated by milk of lime. All the 
lyes are then united ; the salts are converted into chlorides by precipitation with 
barium chlorid3 ; the liquid is evaporated to dryness ; the chlorides of lithium and 
calcium are extracted with absolute alcohol ; the alcohol is distilled off ; the calcium 
precipitated with ammonium oxalate ; any heavy metals that may be present are 
precipitated by a small quantity of ammonium sulphide ; and the lithium chloride, 
which is now quite pure, is evaporated in a large silver vessel. The solution of this 
salt, treated with rmmonia and ammonium carbonate, yields lithium carbonate in the 
form of a very lighii precipitate which may bo freed from chlorides by washing with 
alcohol of 60 per cent, (see also Petersen, Dingl. jpo/. J. ccxxiv. 176 ; Jahre$h.f» Chem, 
1877, 1153 ; Chem. Soc. J. xxxii. 706). 

On the Spectroscopic Kstimation of Lithium, see Truchot rend, Ixxviii. 

1022) and Ballmann {Zcitsch, anal. Cheni. 1875, 297). 

Borates. Filsinger {Arch. Pharm. [3], viii. 198) has examined the following 
borates of lithium : Li-0.2B'^03 + LPO.SB^O® + OH^O, and Li*0.4B'‘*0» + lOff 0. 
The first two of these salts are formeil on dissolving lithium carbonate in aqueous 
boric acid, the former with excess of the carbonate, the Litter with excess of boric 
furid. The third salt is produced by boiling lithium acetate with boric acid for some 
time, and repeatedly ev.aporating the solution to a syrupy consistence till all excess of 
acetic acid is driven off. All three aro easily soluble in water, but insoluble in alcohol. 
The first two do not crystallise*, but dry up to gummy masses, which, however 
crumble to granular powders after prolonged treatment with alcohol. The third salt 
separates, after prolonged standing, in white hard crystalline crusts. 

On Sulphate and Pyrophosphates of Lithium, see the respective Acids. 

UTHOFRACTXSUR. Sec Kxplosivks (p. 766). 

UTB08PSRMUM. 'fhe ash of the seeds of gromwell {Lifhospermum officinale) 
has been analysed by L. Kornberger {Liebig's Annalen, clxxvi. 85). The seeds yielded 
41*47 per cent ash, which, after deduction of eharcoai and CO*, gave in 100 parts : 

CaO MffO K“0 Na>0 Pe*0> SO» P*0“ SiO» 

69*01 3*16 6*17 0*77 0*28 0*77 2*17 27*68 = 100 

&ZVSB. On Chemical Changes in the Liver, see 0. Fliiggo {Zeitschr.f. Biologic, 
xiii. 133-171 ; Chem, Soc, J. xxxiv. 160). 

On the Formation of Glycogen in the Liver, and its Conversion into Glucose, see 
Olycookn (p. 877) ; further, Cl. Bernhard {Compt, rend, Ixxxii. 114, 173, 777 1 1351, 
1405; Ixxxiii. 369, 407; Ixxxiv. 1201; Ixxxv. 619; Ann. Ckim. Phys, [5], viii. 
367; ix. 207; xi. 256; xii. 397 ; Jahresb. f. Chem, 1876, 922; 1877,980; Chem, 
fibc. J. xxxiv. 82). 

On the Estimation of Glycogen in the Liver, see G. Salomon {Zeitschr. anal, Chem. 
1874, 470; Jahresb. f. Chem. 1874, 1051). 

On Liver-ferment, see Fkrmknts (p. 780). 

XiOXiXiZlI'GZTSi This mineral occurs at Mont Challanches in Dauphin^, massive, 
and in small crystals only J mm. long, and of the form oo P . oo. An analysis of 
the massive portion gave : 

Po Co As 81) S Sp. pr. 

21*22 6*44 63*66 6*61 3*66 = 100*69 6*34 at 16® 

leading to the formula FeAs*. Measurements of the crystals by Sclirauf gave, as 
mean values, ooP: qoP= 113° 40'; J?oo : if oo = 133° 50'; ifoo : ooP = 77° 26', 
whence the axial ratio is n : 6 : cs= 1*535 : 1 : 1*970, which agrees nearly with that 
given by Dana for mispickel, viz. 1*4793 : 1 : 1*7688. 

ZiOPBnrB, C*'H*®N*. This compound is the chief product formed by the 
decomposition of nitroso-amarine at 149®-150® (p. 70). Its formation by the dry 
distillation of hydrobenzamide in presence of air is accompanied by evolution of light 
(p. 1063). 

ZiORAirTBirS. K. Martins (AT. Rep. Pharm. xxiv. 687) finds, from examination 
of several branches of Acacia VereJe, on which gummy exudations had formed, that 
these exudations are produced by a parasite which he' designates as Loranthus 
senegalensUt. 

BOTUB BARB (0. Hesse, J)cut. Chem. Ges. Ber. xi. 1542-1546). This bark, from 
Symplocos raoemosa^ contains throe alkaloids, viz. : loturine, 0*24 per cent. ; coHoturinCt 
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0*02 ; ja^d htundinCy 0*^ per cent. The alkaloids are extracted from the hark by 
hot alcohol, anefrfre conwted into afcetates. liOturine and colloturiiie are precipitated 
from the neutral solution by the addition of potassium thiocyanate, leaving the 
loturidine in solution. The crystalline precipitate is docompojsed by soda, and the 
alkaloids are extracted with ethalf and recrystallised from alcohol. The offloroscent 
crystals of lotiirine a2» separated moclianically from the iion-olllorescout crystals of 
colloturine. 

Ijoturine is soluble in alcohol,. ether, chloroform, and acetone, but insoluble in 
water, ammonia, and caustic l^la. ’ It gives no coloratitm with ferric chloride, with 
strong sulphuric or nitric acid, or on the .addition of bhjacliing powder and ammonia 
to its alcoholic solution acidulated with hydrochloric acid. Loturine melts at 234‘\ 
and sublimes, forming colourless prisms. A solution of loturiiae in dilute acids 
exhibits a fluorescence brighter than that of quinine sulphate. Loturine forms wcll- 
crystallised salts. The hydrochloride, which crystalli.^^^es in white prisms soluble in 
alcohol and in water, forms double salts with the chlorides of platinum, gold, and 
mercury. The hydriodido forms a crystalline double salt with mercuric iodide. The 
nitrate, thiocyanate, acetate, chromate, and picr.ato are crystalline compounds. The 
tannate and pliosphotungstate are amorphous powders. 

Colloturine is deposited from alcohol in prisms terminating in pyramids, which 
sublime at 234". The solution of tlie alkaloid in dilute sulphuric or hydrochloric 
acid is fluorescent. Gold chloride produces a yellow amorphous precipitate in the 
solution of the hydrochloride. 

Loturidine. 'The filtrate from the thiocyanates of loturino and colloturine is 
rendered alkaline by aminonk, and the loturidine extracted with ether. Loturidine is 
a yellowish-brown amorphous body yielding amorphous salts. It dissolves in strong 
nitric and sulphuric acids, forming yellow solutions. The solution in dilute acids is 
fluorescent. 

Winekler’s califominc (i. 722) was not a simple substance, but a mixture of the 
acetates, of ‘those three alkaloids. 

XiOXOCXiASEm a sod.a-folspar with orthoclastic c]o.avage, and therefore re- 
sembling Jlrcithaupt’s loxoclaso /.lii. 73o), has been examined by Oh. Villain {Coinpt. 
rend. Ixxix. 250). It occurs, witli augite and epidotc, in the slags and tufas of the 
island of Eachgoiin, Algeria, and, like the augite, exhibits all the signs of derivation 
from the older rocks by whoso decomposition the tufas have been formed. The mean 
of three analyses gave : 

SiO* A1»0* CaO Na’O K“0 Sp. gr. 

66-72 19-73 2-20 763 3*71 0 10 = 10009 258 

XiUBZiAMZTE. A hydrated basic ferrous phosphate, found in Cornwall, 
associated with quartz, chalyl)itc, viviaiiito, iron pyrites, and mispickcl. Hardness 
— 3-4; sp. gr. = 3*12. Colour, clwir green, from pale to dark, transpjireiit and 
brilliant. Streak very pale green, approaching to white. It tinges the flame, of the 
blo'W'pipe slightly green, and yields a semi -fused blackish residue. It is soluble in 
dilute mineral acids, and is readily decomposed by boiling with a solution of caustic 
alkali. Analysis gave as follows : — 

Fe F'O* H*0 

52-76 30-11 16-98 = 99*85 

These numbers correspond very closely with the formula 7J'’e0.2P=0*.9TP0. The 
mineral differs from vivianite, (3Fo0.l’-0\8H'"0), in the fact Unit it decrepitates 
violently when boated, and breaks up into brilliant crystalline plates of a deep 
bluish-grocn colour. Vivisinito, on the contrary, does not decrepitate, but gradually 
exfoliates and turns white (F. Field, Phil. Mag. [5], iii. 52). 

Ludlamite is moiioclinic, with the axial ratio a : h : c = 0*4439 : 1 : 0-8798. 
Angle aG~79° 27^ Observed face.s, ±P, —JP, ooP, OP, ooPoo, +Poo, +2Poo, 
S GO. Cleavage distinct parallel to OP. The crystels are optically positive, the optic 
axes lying in the plane of symmet^. Acute bisectrix = 88® 54'. Dispersion incon- 
siderable; p>v (Miiskelyno, ibid. iii. 54, 135, 525). 

EUDWXGXTB. This mineral, from the Banat, is parallel-fibred and mostly 
short-fibred. Sp. gr. = 3*907 to 4*016. Hardness = 2. Tough, difficult to split. 
Colour blackish-green to bhick. Lustre silky. Streak-powder blackish -green. Thin 
splinters melt with cliffici^lty to a black magnetic slag. Dilute hydrochloric acid dis- 
solves the powder very quickly. Its composition, according to E. Imdwig, is * 

Fe*0’ FeO MgO 

1609 39-92 12-16 31 -f 9 == 100*16 

16-06 39-29 17*67 26-91 = 98*93 
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ivhcneo may bo deduced the formula 3Mg0.B*0* + FeO.Fe*0*, representing it as a 
molecular compound of normal magnesium bo raise and fcrrcrtb^-ferric bxide. 

Ludu'igito occurs in tlio soiitliern part of the milling district of Morawilza, and on 
the western outcrop of the limestone, associated with a veiy compact magnetic iron- 
ore imbedded in the crystalline limestone, in the neighbourhood of a cleft traversing 
that formation. The ludwigito occurs only in isolated lumps in tho magnetic iron 
ore, which often traverses it in thin threads (O, Tchomak, Liehitjs AnnaUn, clxxiv. 
112 ). 

A decomposition-product of tho blackish -green Tpriety of this mineral has been 
examined by F. Berwerth {Min. Mitlh. 1874, 247). Sp. gr. = 3-41. Mineralogicul 
examination shows that it is a mixture of brown iron-ore, talc, briicite, magnesite, 
and calcito, and t’Hs result is confirmed by tho direct chemical analysis of the product, 
as appears from tlic following comparison : 


Brown iron-ore 

rc“0’ 

. 75-44 

CaO MgO 

CO “ 


11=0 

12-73 

B=0* 


88-17 

Talc 

. . — 

— 1-44 

— 

2-88 

0-22 

— 


454 

Brucito . 

. . — 

— 3-08 

— 

— 

1-39 

— 

= 

4-47 

jVlagn(‘site 

— 

— 1-10 

1-54 

— 

— 



2-94 

Calcito 

. . — 

0-09 — 

0-07 

— 

— 


= 

01 6 

Totals 

. 75-44 

0-09 5-92 

1-61 

2-88 

14-34 



= 

100-28 

Direct analysis 

. 75-34 

0-09 5-80 

1-65 

2-83 

14-51 

0-80 


101*02 


XiUPZlVX!. Tho transformations of siibst^inco which take placo during tlie 
germination of lupine-seeds have been examined by Schulze, Umlauft a. Urich {Ikiif. 
Chein. 6’ci!. iicr. ix. 1314). Out of the 45 per cent, of albuminoids (conglutin and 
alljumin) contained in tho ungerminated seeds, there remained, after fifteen days’ 
germination in the dark, only 8 per cent., the remaining 37 per cent, having been 
decomposed. The chief nitrogenous decomposition-product was asparagine, besidcjs 
wliieli there were formed small quantities of other amides not isolated, and a very 
small quantity of ammonia, 'fho sulphur of tho decomposed albuminoids appeared to 
be converted into sulphuric acid, as tho proportion of sulphates in tho sprouts in- 
creased considerably, is’o separation of non-nitrogenous substances in the decomposed 
albuminoids was observed to take placo. 

XtVPirUzrS. This name is given by Griessmaycr to a base obtained by distilling 
tho aqueous extract of hops with lime or magnesia (p. 1040). 

XiUTEOCOSA&T COMPOUHrDS. See Cobalt-bases (p. 546). On tho 

crystalline form of the Chloride, vii. 365. 


EVTZDZKS. See Picolink-bases. 

XiUZON'ZTE. See Enaiuhte (p. 733). 

XiYCZN'E. The base from Lycium harharum^ to which this name was applied by 
llusemaiin a. Marm6 (iii. 738), has been shown by later researches of Husemann to 
be identical with betaine (p. 323). 


XiTCOPERBOET. Tho substance Ciilled ‘ Indian Bread,* sometimes used as 
fo(xl by the North American Iiulian.s, consists of a parasitic fungus {Lycoperdon 
snlid.um)io\m(i growing in tuberose Trasses, weighing from an ounce to several pounds, 
on the roots of coniferous tre(j.s. Its surface is ash-grey and wrinkled, while the 
inside is nearly white and has tiu. appearance of starch. The same subsla,iico is found 
in China and .lapan, where it is called respectively ‘Fuhling’ and * Tucka-hoe.* 

Tho following analyses made by Braun in 1871 and by Keller in 1876 {Chem. 
Ne,wSfXx\Y. 168,881) show that the composition of this fungus is subject to great 
variations, due, according to W". Mallet, to the penetration of tho roots of tho tree by 
tho mycelium of the fungus, which converts tho woody fibre of the roots into iU 
own substance. In tho specimen analysed by Braun, this process appears to have 
been only in its incipient stage, whereas in tJiut analysed by Keller, it must have 
been nearly complete : 


Brann Keller 

Water 14-16 10*70 

Glucose 0-93 087 

Gum 2-60 2 98 

Pcctose 17-34 77‘27 

Woody Fibre (>4'15 3*76 

Nitrogen in insoluble combination . , . 0-36 — 

Protei'ds - - 0*78 

Mineral substances : 

Soluble in Water } jO-08 

Insoluble in Water J .... (3*50 
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The ash analysed by Keller -was found to contain : 

K‘0 Na»0 CaO MgO Fc*0» P“0» SO» Cl SiO» 

4*676 2-192 6*169 11*376 11*808 19*781 1*687 1*642 41*771 = 100*000 

Deduct 0 for Cl . . . 0*370 


99*63 

XTCOPODXUni. The folio-wing analyses of club-mosses are by G-. W. Hawes 


{SUL Am, J. [3], vii. 685) : 
Lycopodium dcndrdideum 


c 

K 

0 

N 

Ash 

47*11 

6*39 

41*85 

1*40 

3*25 p. c. 

47*29 

6*43 

41*62 

1*38 

3-28 „ 

45*78 

6*26 

40-66 

.•1*84 

5*47 „ 

46*62 

6*26 

40*79 

1*84 

5*49 „ 


M 

MACKVlUir, MORIW, and MOlUffiTTAmriC ACID. These three con- 
stitueuts of fustic have been examined by J. Lowe {Zeitschr. aned. Chem. 1875, 117). 
They contain a common nucleus with 16 at. carbon. The amount of water in crystal- 
lised m or in differs accordingly as it is crystallised from hot water or from alcohol. 


Lowe’s analyses lead to the following formulae : 

Morin dried at 100° 

„ precipitated by water from alcoholic solution . . + H-O 

„ rocrystallised from water + 2H'*0 

Kgg-yellow Lead-compound of Morin + PbO 

Orange-yellow „ „ . . ^ . C*'‘n‘"0^2PbO 


M ac I ur in dried over sulphuric acid has the composition it gives off 

water at 120®-130°, leaving Its alcoholic solution yields with lead acetate 

a precipitate having the composition C‘*H'®0'.3PbO. Aqueous solutbms of maclurin are 
precipitated by alkaloids, gelatin-solution, and albumin. 

Morin tannic acid, forms a lead compound having the composition 

2C‘*H'*0’.5Pb0. It differs from maclurin by containing 1 at. oxygen less. 

MAGONXTXS* A mineral from Macon County, North Carolina, where it is 
found accompanying corundum (p. 570). 

XMEACBOGBORBXOir. See HuoMELiACEiB (p. 350). 

MAGlTEBXA-MXGii. See Mica. 

MAGirSSXTSt The crystallised magnesites of the north-eastern Alps have 
been examined by J. .Rumpf {Jakrh.f. Min. 1874, 540). 

1. Beautiful small crystals of this mineral occur at Mariazell, in Styria. They 
exhibit the combination Oil. ooP2, have a length of 1*6 mm., and are sometimes trans- 
parent and colourless, more often yellowish-brown. Sp. gr. = 3*038. Analysed by 
Rumpf. 

2. A second locality is an iron mine near Flachav, in Salzburg. Light grey crystals, 
likewise exhibiting the combination 0K'ooP2. Sp. gr. =3*015. Analysed by 
K. Sommers. • 

3. Remarkable is the occurrence of lenticular magnesite crystals in the block- 
shaped masses of magnesite lying between clay-slates. These crystals are known in 
Styria by the name ofpinestone {Pinolistem, probably from the resemblance of 
their section to that of the fruit of Pinua piuca). Rumpf proposes to designate 
the magnesite rock as PinolUe. It consists mainly of crystalline milk-white 
magnesite and clay-slate, which, how’ever, is in some parts replaced by talc-slate. 
The magnesite crystals have the’ appearance of flat lentils abundantly disseminated 
through the clay-slate in variously shaped bundles and tufts. The principal localities 
are the mountain-gorge of the Sund (a) and Wald (6), in Styria, and the Semmering 
in Lower Austria. Analyses of magnesites from the two first-named localities have 


been made by 
MgO 

Fr. Ullik. 

CaO 

Fe“0» 

FeO 

'MnO 

CO* 

IPO 

Insoluble 

(1) 

45*32 

1*68 

' — 

2*12 

— 

60*90 

0-36 

0*34 = ] 00*62 

(2) 

4468 

0*65 

3 62 

— 

0*28 

49*67 

0*61 

0*58 = 99*94 

(3,») 

45*60 

1*01 

— 

1*74 

— 

61*87 

— 

0*25 = 100*47 

(3.4) 

46*56 

0*86 

— 

1*62 

— 

51*62 

— 

0*47 = 100*12 
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MAO’XVBSZUM. Experiments on the action of metallic magnesium on various 
metiiUic salts have been made by S. Kern {jOhem. News, xxxii. 309 ; xxxii. 112, 236). 
Concentrated solutions were used and left in contact with magnesium ribbon for 30-40 
hours. The experiments show that most metallic salts are converted by the action of 
magnesium into oxides or hydroxides. 

Cobalt chloride is decomposed, with evolution of hydrogen and deposition of a green 
substance containing cobalt oxide. With silver nitrate a precipitate of silver oxide is 
obtained. In a solution of lead nitrate, the magnesium quickly becomes covered with 
metallic lead in the form of a very fine powder, which is soon converted into Pb(Oll)-. 
Sirojitinm salts ret^uire much more time to decompose them. Concentrated strontium 
chloride solution, in (contact with magnesium for two days, gives a white precipitate 
of strontium hy dioxide : 

SrCl* + Mg + 211-^0 = Sr(OH)2 + MgCP + H***. 

Mercuric chloride with magnesium gives a greyish precipitate, which turns red when 
ignited. This precipitate is a third form of mercuric oxide, which had hitherto been 
known only as a red or yellow precipitate. Platinic chloride with magnesiiini evolves 
hydrogen. After about 20-25 hours a black precipitate of metallic platinum is 
formed. On leaving it in contact with water, brown Pt(OH)* is obtained. Ferric 
chloride is rapidly converted into ferric hydrate ; 

hVCl« + 3Mg + Gir^O = hV(OH)« + 3xMgGl- + 3H* 

With zinc salts magnesium eliminates hydre^en very slowly; with zinc chloride after 
48 hours a small amount of hydroxide was formed. In a solution of sodium chloride 
magnesium also eliminates hydrogen very slowly, sodium hydroxide being formed, 
which quickly turns red-litmus paper blue. Manganous chloride yields manga- 
nous oxide, rapidly oxidised to manganoso-manganic oxide, Mn*0*. Uranic nitrate 
yields uranic oxide. Poiassimn dichromale is but slowly attacked, with formation of 
iiiMgnesium dichromate and potassium hydroxide. Aluminium salts are very slowly 
attiicked, witli formation of aluminium hydroxide. From a 'palladium solution magne- 
sium eliminates hydrogen, forming palladium monoxide, togethei with a small quantity 
of metallic palladium which unites with the hydrog(‘n, forming Pd-'H. In a solution 
of copper, the magnesium quickly becomes coated with metallic copper. A solution 
of sal-ammoniac is decomposed by magnesium, with rapid evolution of hydrogen. 

Detection and Estimatio n , — ^A deliciite spectroscopic reaction for magnesia 
and for alumina is ailbrdcd by the absorption -spectrum of a solution of purpuri n 
mixed with one or other of these bodies. A dilute aqueous solution of pure purpuri n 
shows a weak absorption in the yellow, and a stronger in the green, between F and h. 
This absorption becomes moiM intense wdien ammonia is added, and disappears on 
adding dilute acetic acid, a faint absorption in the blue alone remaining. But when 
to a very dilute Jiqueous solution of purpurin a dilute solution of alum is added, the 
liquid becomes red, and gives two strong ab.sorpt.ion bands betwx*on D and E and h and 
F. This reaction, which is also produced by other aluminium salts, is best seen in a 
very weak alkaline solution ; it is weakened but not destroyed by acetic acid. 

Magnesium salts give the same bands, only that in the yellow is stronger than the 
other, but the least excess of acetic acid destroys the spectrum. The lea.st traces of 
mjignesium and aluminium can bo detected by this reaction, w’hich is not shown by 
the salts of iron, manganese, zinc the alkali-metals, or those of the alkaline earths ; it 
does not appear when salts of iron or zinc are present in excess (II. W. Vogel, Dcut. 
Chem. Ges. Per. ix. 1641). 

For the precipitation of magnesia as ammoiiio-magnesium phosphate, 
i . Moh^(Ze^7.s67^r. anal. Chem. 1873, 36) recommends the use of ammonio-sodium phos- 
]>hat.e, by which the magnesium is thrown down at once as crystalline ammonio-mag- 
ncsinm phosphate. The same method is recommended by W. Gibbs (Chtm. News, 
xxviii. 51) with the addition that the precipitation with phosphonis-salt should be 
performed in a hot concentrated solution, and ammonia added only after cooling. 

On the estimation of magnesia in a mixture of alkaline and earthy sulphates, see 
Sulphates. 

Separation from Calcium . — Sonstadt {Chem. News, xxix. 209) employs for this 
purpose a concentrated solution of potassium iodate, which throws down the calcium 
as iodate without perceptibly redissolving it, but does not precipitate magnesium 
salts, and has the further advantage of not interfering with the subsequent precipita- 
tion of the magnesium by ammonio-sodium phosphate, the resulting precipitate of 
ammonio-magnesium phosphate being, on the other hand, less soluble in the liquid 
containing the calcium iodate, than in dilute ammonia. Sonstadt regards this method 
of separation os much more effective than tho ordinary method with ammonium 
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oxalate, inasmuch as when the latter is employed, not only is a small portion of 
magnesia thrown down with the lime, but the presence of the magnesium salts likewise 
interferes with the complete precipitation of the calcium as oxalate. 

Magnesium ohlortde. A hydrated chloride of magnesium, MgCl'-^.GH’^O, named 
Bisckofite, is found, together with carnallite, in cavities and as a crust on rock-salt in 
the Stassfurth mines. The crystals of bisohoiite often contain microscapic crystals of 
sodium chloride, and may be distinguished from carnallite by the fact that they are 
very deliquescent, harden on exposure to a temperature of but deliquesce 

when the toinporature falls ; this property is not possessed by carnallite. They are 
trnnsparent or white and more or less opaque. Hardness 1*7. !^p. gr. I’Co. When 
heated, they give oft’ water and hydrochloric acid, and leave a residue of oxychloride. 

Oxych loriJc. — Uender, by mixing calcined magnesia with a strong solution of 
magnesium chloride, and leaving it exposed to the air for six mouths, obtained a pasty 
mass which ho regarded as a mixture of the oxychloride, JVIgCl-.5Mg0.17H''*0, with 
normal magnesium carbonate (vii. 769). It is, how'ever, by no means certain that 
magnesia is completely converted into normal carbonate by expDSuro to tlie air, and 
moreover, an oxychloride differing in composition from lender’s salt is obtained by 
mixing freshly calcined magnesia (30 grams) w’ith solution of magnesium chloride 
(1500 grams) in a flask well corked and nearly filled with the mixture, and heating 
it in a water-bath, with frequent agitation, till the liquid when examined undtT the 
microscope exhibits nothing but needle-shaped crystals. Those crystals, when washed 
with water, and dried at 110°, were found to consist, of MgCl“.10MgO+ UH^O, and 
when dried over soda, of MgCl*.10MgO+ ISU-O. When dry tlioy withstand the 
action of carbonic acid, but are completely decomposed by it when moist. The pasty 
mass obtained liy kneading magnesia with solution of magnesium chloride, is a mixture 
of the 18 mol. hydrate with basic magnesium carbonate (0. Krause, Lkhiy^s Anncdcn^ 
clxv. 38). 

mtrjldef Mg^N*. Bricgleb a. Geutlior obteinod this compound as a greenish- 
yellow amorphous mass by passing ammonia or nftrogon gas over strongly heated 
magnesium (iii. 764) ; and J. W. Mallet (Chem, Ncivu, xxxviii. 39) has lately observed 
the formation of the same substance in largo quantity by the simple combustion of 
magnesium with limited access of air. iMie chief part of the metal burned is, of 
course, converted into oxiilo, and the temperature produced by the combustion is high 
enough to induce the remainder, when the supply of oxygon is limited, to unite wdth 
nitrogen. 

The following three experiments show the largest absorption of nitrogen : 

Mg. converted 
into nitride 



Mg. used 

Nir obtained 

Equlv. Mg*N* 

ISqulv. Mg. 

per 100 pts. 

No. 1 . 

gms. 

grins. 

gnns. 

grms. 

U8(7(l 

. 2-636 

0-292 

0-869 

0-618 

23-5 

No. 2 . 

. 2-204 

0-286 

0-841 

0-606 

27-5 

No. 3 . 

. 3-117 

0-3G5 

0-773 

0-773 

24-8 


AlumlnatOi MgO.APO*. This compound may be ol)tainod in the crystalline 
state by packing 20*5 grams of pure and freshly ignited magnesia in a crucible of hard 
carbon, imbedding in the centre a lump of aluminium containing 8 grams of the 
pure metal, and raising the whole to a very high 'temperaturo. After cooling, the 
whole of the aluminium, the magnesia, and the crucible were separately treated with 
moderately strong, hot, hydrochloric acid, and the solutions filtered. The greyish 
residue left on the filters from the first two solutions was dried, ignited in a stream of 
oxygon to burn off* some specks of carbon, and on being examined with the microscope 
was found to consist of minute, colourless, transparent crystals of two kinds : the one 
being thin elongated scales, consisting of pure alumina ; the other of regular octahedrons, 
which scratched glass readily, and on fusion with acid sodium sulphate yielded mag- 
nesia 28’99 per cent., and alumina 70'81 per cent., giving the ratio, MgO : A1®0* = 
726 : 689, and showing that these crystals consisted of artificial spinolle, MgAHO*. 

Mapieslam-alum, MgAl*(SOy.24lI^O (v. 683), has been found in lamino 
crystalline masses, and occasionally in long-fibred bundles, on the island of Negros, 
Philippine group. When recrystallised it formed small crystals exhibiting the 
combination 0. ooOoo . Analysis gave : ^ 

SO“ A1»0» MgO CaO H*0 

37*76 12*60 3*62 0*91 46*21 = 100 

(Freuzel, Min. Mitth. 1877, 303). 
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UKAONBTZC ZROSr orb. MAONETZTB. This mineral, occurring with 
amethyst veins in the trapp of Annapolis County, Nova Scotia, has been analysed by 
H. How {Phil. Mag. [6], i. 136). 

Quartz MgO(') OC) Fe 

6-46 1-27 24-94 68*33 = 100 

4-94 4-84 25 19 65-03 = 100 

(‘) With traces of CnO. (*) Detormined by difference. 

J. Striivor (Ze//.s67/r. /. TCrysf. i. 230) has described the magnetite of the Alban 
mountains (ancient Latinm), whore it occurs, partly as a constituent of -the lavas, 
partly in geodes, partly in loose crystals in ashes iiiid tufas, and in the sands of 
streams anil lakes. The forms observed were O, ooOoo , ooO, 202, 303, oo03, 50fj, 
of which the fourth and sixth are now for magnetic iron oxide. Older authorities 
assign to the magnetic iron ore of this locality a very large .amount of titanium ; Stnive 
however found only traces. 

Fine crystals of magnetite are found .at Mulatto, implanted on a solid mass of the 
mineral and exhibiting the faces ooO, 50.^, 303, 0 (Hoeltor, Jahrh. f. Min. 
1877, 647). 

A. Knop {Zeiischr.f. Kryst. i. 64) h.is amalysod a titaniferous magnetic iron oxide 
from enclosures in the Sanidin-Hayn-Phonolite from llorborig near Oberborgen in the 
Kaiscrstuhl range, with the following results : 

Fc“0» TiO» MkO MnO 

88-41 4-08 6-85 4-57 trace = 103-91 

Those values correspond with the following : 

Fe“0* Fe(Po. Ti)»0* M^AFO* Mj?Fe“0* 

69-84 11-42 9-54 9-40 = 100*20 

.1. R. Waller {Zntschr.f. Kryst. i. 512) has analysed the m.ignetic iron ore from the 
Kaschbergiii Bohemia, consisting of mixtures of augite and magnetite, which latter 
can bo very accurately separated by the magnet : 

re*0» AFO» FeO CaO SIO* 

61 14 0-4815 32-2164 3*507 1*0655 = 98-4104 

Magiu'Hc iron sand has lately been found in a granite vein accompanied by 
HU excess of mica, at Grotta d’Oggi, near San Piero, Klbsi. Tlie upper part of the 
magnetic iron deposit is partially decomposed, and contains numerous black magnetite 
crystals some of which exhibit a bronze-liko tarnish. The crystals, w'hich are octo- 
hedroris or rhombic dodecahedrons, or combinations of the tw^o, have a di.ameter of from 
i to 1 centimeter, and are strongly polar-magnetic. Tjower down in the vein-stone 
The magnetite crystals increase in size, butare less freidy crystallised. Magnetite also 
occurs in the green diorite slate, at Caviere, near San Piero, but it is not so strongly 
magnetic as that found in the granite, and not crystallised ((x. Roster, Jahrh. f. Min. 
1877, 531). 

Allotropic Varieties of Magnetic Iron Oxide . — This oxide, when obtained by heat- 
ing ferric oxide for some hours in hydrogen gas or carbonic oxide at 350°-440°, or 
by heating the hydrate of the magnetic oxide at 300^ in an indifferent gas, or by 
calcining pyrophoric ferrous oxide at a low red heat, passes into ferric oxide by 
calcination in the air, and is attacked by concentrated nitric acid. Its density 
is 4-86. Magnetic oxide obtained at a high temperature by burning iron in oxygen, 
or by decomposing the sosquioxido at a bright red heat, has a density of 5 to 5*09, 
and does not possess those properties. Pyrophoric ferrous oxide is transformed when 
lieiited in the air into ferric oxide, but if this substance be heated to dull redness in 
(’.arbonic acid gas, magnetic oxide is obtained identical with the first variety mentioned 
al'ove. If this variety be heated intensely in nitrogen, the second kind, namely, that 
which is incapable of taking up more oxygon, is obtained (H. Moissan, Cornpt. rend, 
Ixxxvi. 600). 

MAGBTETZe PYRITES. The following are recent analyses of this mineral : 

(1) . From Elizabeth Town, Canada, by J. Lawrence Smith (Coinpt. rend. Ixxxi. 976). 

(2) . From the same locality, by Lindstrom {Bent. Chem. Ges. Bvr, ix. 858). (3). From 
Todtmoos in the Schwarzwald, by A. Hilger {Lichifs Annalen^ clxxxv. 208) ; 


Fo 

Cu 

Mn 

Ni 

Co 

S 

SiO» 

X 


Sp. gr. 

59-88 









39-24 

— 

1-01 

- 100-13 

4*642 

60-56 

0*145 

0-06 

0-112 

0-111 

39-02 

0-036 

— 

= 100-044 

4-622 

56-58 

0*54 

— 

1-82 

0-48 

40-46 

— 

— 

» 99-88 

4*12-4*2 


The proportions of iron and sulphur in these analyses agree most nearly with the 
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formula Fg'^S®, which requires 60*5 Fo and 39'6 S. The formula FeS requires 63*6 Fe 
and 36*4 S. 

The crystals from Elizabeth Town are composite, three individuals of the com- 
bination ^3“? . OP, being grown together in tho direction of the faces of the pyramid 
P, whereby the axes of tho individual crystals are set perpendicularly to each other 
(E. S. Dana, Sill. Am. J. [3], xi. 386). Crystallised magnetic pyrites from Bottino in 
Italy exhibits the faces P (?), OP, 00 P, 2P, 6P (Grattarola a. d’AchiUrdi, Zeitschr.f, 
Krystallographie, i. 626). 

MAGHrSTlSM. lielationship of the Magnetic Metals. — The following 
table, exhibiting the physical resemblances between the magnetic metals, iron, 
cobalt, and nickel, has boon drawn up by W. F.Barrett {Phil. Mag. [4], xlvi. 478) : 


Substance 

Density 

Atomic 

weight 

Specific 

heat 

Atomic 

Dilatation 

Conductivity 

heat 

By heat 

By strain 

For heat 

For sound 

Iron . 

7-8 

660 

0*1138 

6*38 

•0926 

•0387 

*168 

15-3 

Nickel 

8*3 

68*5 

0*1091 

6-33 

•0899 

•0394 

•131 

14*9 

Cobalt 

8-5 

58*5 

0*1070 

6-26 

•0981 

•0466 

■172 

14*2 


These metals likewise present a remarkable similarity in many of their chemical 
properties. Both iron and nickel become passive when immersed in strong nitric acid ; 
the action of the concentrated acid upon cobalt may with great probability be attributed 
to the of iron w’hich it invariably contains. 

Ferrous salts are bluish-green ; nickel-salts emerald-green ; cobalt-salts (when 
warmed) bright green ; the change of cobalt-salts by heat may perhaps bo related to 
the increase in the magnetic power of the metal, wliich likewise takes place when it 
is heated. Cobalt and nickel, moreover, generally occur together, and all tho three 
metals are associated in meteoric iron. The feebly magnetic metals, manganese and 
chromium, likewise participate to a certain extent in tho chemical proporties of iron, 
nickel, and cobalt. ’ 

Nickel and cobalt, when magnetised by an electric current, give out, on the closing 
of the circuit, a sound, which in the case of cobalt is louder than with nickel, and has 
tho metallic ring of that produced by iron under similar circumstances. Bars of iron 
and cobalt appear to bo somewhat elongated by magnetisation ; nickel does not. The 
result obtained with cobalt is, however, scarcely decisive, as tho metal used was not 
quite free from iron (Barrett, PM. Mag. [4], xlvii. 61). 

On the effect of Magnetisation in the Physical Properties of Iron^ see further 
p. 1096. 

W. Hankol {Ann. Phys. Chem. [2], i. 285) has determined tho magnetism 
of very pure nickel and cobalt, under the influence of currents of various strength. 
In nickel, tho magnetism excited by comparatively feeble currents is nearly equal to 
that of iron, and difiTer-s from that of the latter in increasing ratio as the currents 
become stronger. Cobalt, on tho other hand, acquires under tho influence of weiik 
currents only about half the magnetism of iron, and with stronger currents a fraction 
of that of iron becoming continually smaller as the strength of the current is greater. 

H. A. Rowland {Phil. Mag. [4], xlvi. 10; xlviii’. 321) has also made comparative 
experiments on the behaviour of iron, nickel, and cobalt under the influence of 
magnetising forces, from which he infers that tho differences between tho magnetic 
characters of the three metals are only quantitative, and may bo summed up in the 
following propositions: (1). As the magnetising force increases, the resistance to 
magnetisation diminishes down to a certain minimum, after which it increases without 
limit. (2). In nickel and cobalt this resistance depends upon the temperature, and in 
cobalt it diminishes with rise of temperature; in nickel it diminishes or increases 
with rise of temperature accordingly as tho magnetising force is weak or strong. 
(3). All the three metals have a maximum of magnetisability, which, however, is 
attainable only under tlie influence of nmgnetising forces not practically available 
(the limit would be first attained with nickel). (4). In iron and nickel, this maximum 
diminishes as the temperature rises, at least between 10° and 220°, slowdy in iron, 
quickly in nickel. 

The following conclusions are deduced by A. L. Holz {Pogg. Aim. cli. 69 ; cliv. 67) 
from experiments on the effect of solvents on steel magnets: (1). Tho magnitude of 
the magnetic moment of a steel bar depends upon the structure of the iron and that 
of the iron carbide associated with it. (2). This moment (referred to 1 mg. as unit 
of weight) is diminished by removal of magnetised iron, but increased by removal of 
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tnagiiotised iron carbide. (3 ). The particles of iron carbide which remain after the 
pure iron has been dissolved out, are magnetisable and become permanently magiietic. 
(4). The coercive power of steel magnets and of magnets formed of eloctrolytically 
deposited iron is dependent on the distances between the molecules, the magnetic 
moment being increased by every process which widens these distances (see further, 
Ann. Thys. Ergijnzbd. viii. 353 ; Jakresh. f. Chem. 1877, 171). L. Kalp (Poyg. Ann. 
civ. 320) concludes, from experiments on two iron bars of equal size and weight, the 
one having a fibi’ous, the other a granular texture, that the magnetic moments induced 
in the two by currents of equal strength are almost exactly equal, and hence infers 
that texture has iw injluence on nmgnctism. 

From experimoriis by Treve a. Diirassier {Comjit. rend. Ixxx. 799 ; Ixxxi. 1123, 
1246; remarks thereon by Jainin, ibid. Ixxxi. 1126) it appears: (1). That the 
magnetism of very carefully prepared homogeneous steel bars penetrates them uni 
formly to the very centre (thickness 16 mm.), as shown by the tjurt that when the 
raJignet is dissolved, its mtignetism decreases proportionally to tho weight. (2). That 
the magnetic moment decreases with the proportion of carbon, and is greater tho 
higher the temperature of the water in which tho steel has been hardened ; at equal 
toinpcraturos, on the other liand, it is greater with water than with oil as the re- 
frigerating agent. 

Electrolytically-prej>a ed Magnets, — According to expi riments by M. v. 
Jacobi {N. Petersh. Acad. Bi,vu. xviii. 11), it appears that iron uKvl rolytically pre- 
cipitated under tlie influence of a strong electromagnetic spiral does not liiifer in 
its physical or chemical properties from iron similarly precipitated without such 
electromagnetic inliueuco; and in particular it does not exhibit more decided magnetic 
properties. Electrolytically precipitated iron shows very little coercive force, which, 
moreover, cannot bo impjirted to it even when it has been brought, by ignition and 
slow cooling, to the degree of softness and tenacity of bar iron, or finally converted 
into steel having the hardness of glass. It is capable of acquiring strong temporary 
magnetism, which, however, disappears very quickly. 

According to W. Beetz, on the other hand (Pogg, Ann. clii; 484), iron oloctro- 
lytically precipitated from a .solution containing sal-ammonijic is capable of acquiring 
very strong pernmnont magnetism ; iron similarly proci[)itated from other solutions 
possesses this power only in a miiun* degi'oo. If the precipitation takes phu'o und(!r 
the influence of strong magnetism, the solution containing sal-ammoniac yields strong 
magnets of uniform texture, whereas a solution not containing sal-ammoniac yields 
magnets of irregular structure and exhibiting consecutive points, whereby the already 
weak niagnotism of tho precipitate thrown down from such solutions is made to appear 
still less. Under no circumstances, however, does eloctrolytically precipitated iron 
possess much coercive power, unless its structure has been altered by ignition or other 
processes. 

Influence of Hardening and Heating on Magnetisation. — According 
to (laugain {Compt. rend. Ixxxi i. 144), thehjirdest steel bars acquire, under the influence 
of powerful mngnotising forces, a stronger magnetism than those which have been 
tempered, wlicreas, under tho iiifluoiico of a weaker inducing force, the softer steels 
are more highly magnetised than those of greater hardness. Tho imignetism of any 
cross section of tho bar consists of an inheront portion wliieh remains in it even after 
separation from the bar, and another portion due to the action of the other sections. 
Hardening increases tho coercive powei*, and, therefore, nlso the inherent magncl isin, 
but diminishes the temporary magnetism or magnetism of reaction. Tho latter, tliere- 
foro, plays a more conspicuous part in steel of inferior hardness. 

Jninin {Compt. rend. Ixxvii. 89) finds that dilFercnt kinds of stool form weaker 
electromagnets in proportion as they are harder and richer in carbon. Steel of tho 
hardness of glass is almost uiimagnetisablc, and therefore not well .adapted for making 
permanent magnets ; tho best steels for this purpose jire those of medium hardness. 
Wlien steel is re-tempered, the power of acquiring temporary magnetism increases 
with tlie degree of heat at which tho tempering takes place. In steels contfiining a 
small or a medium proportion of carbon tlie power of acquiring permanent magnetism 
18 greatest when they are completely hardened, is diminished by tempering, and dis- 
appears altogether at a full red heat. In glass-hard, highly carbonised steel, the 
hitter power is increased by tempering up to a certain temperature, higher as the 
hardness is greater, then again diminishes, brt does not disappear completely even at 
a full red heat. ' 

When a bar of highly carbonised steel was removed from a sand-bath in which it 
had been tempered to the dark-blue, and quickly introduced into an electric spiral, its 
temporary magnetism (that which it possessed while still within tho spiral) was found 
to be slightly less than that which it would have acquired in the cooled state, but its 

VoL. VIII. 4 M 



1250 


MAGNETISM. 


permanent magnetism was considerably greater. At the first moment the latter 
appeared to be equal to the lempoiary magnetism, but it quickly diminished and dis- 
appeared completely in a qmirter of an hour, whether the original temperature were 
maintained or the bar left to cool gradually. The disappearance of magnetism is 
exactly analogous to cooling. If the bar be again heated, but to a lower temperature, 
the temporary magnetism rises to a higher degree than before, siqks for a moment 
much lower on the breaking of the current, and then decreases more slowly than before 
down to a certain limit, but does not disappear altogether. On repeating the experi- 
ment upon the cold bar, a still higher temporary magnetism is developed, and a 
permanent magnetism greater than the residual magnetism in the preceding case. 

Experiments on the influence of heat on magnetisation have also been made by 
Fav6 {Compt. rerifh Ixxxii. 276), who finds that when heated steel bars are magnetised 
by the electric current, the amount of permanent magnetism slowly diminishes as the 
temperature at which the magnetisiition takes place is raised ; it is still considerable 
at a dull red heat, but becomes imperceptible at cheriy-reduess. The magnetism, 
which disappears very quickly as the bar cools, may be retained for an indefinite time 
at any temperature, provided this temperature be kept constant, but every rise or fall 
of temperature is attended with loss of magnetic power. The quantity of magnetism 
retained at any particular temperature depends upon the nature of the steel, the tem- 
pcTuture at which the magnetisation originally took place, and the changes of state 
which have occurred since the magnetisation. On heating the bars, the nwgnetism 
diminishes regularly according to a law depending on the composition of the steel. 
As t he bar cools, the magnetism diminishes according to a law which (contrary to 
Jamiii’s statement) is very difieront from the law of cooling, the dipiinution being very 
slow at first, but afterwards taking place with increasing rapidity. The higher the 
ti'mperature at which the bar was magnetised, the longer is the duration of the earlier 
stage of slow decrease. When a cooling bar is rchejited, the magnetism again 
Increases considerably under certain circumstances, but never regains its original value. 

Dj^ubr^e (Campt. rend. Ixxxii. 279) suggests that the results of Fav^’s experiments 
may have been somewhat influenced by the induci'ug action of the earth, and refers to 
some experiments bf his own {ibid. Ixxx. 626), in which bars formed of an alloy of 
platinum with 14 to 16 per aint. iron, and cast with the axis of the mould in the 
direction of the magnetic dip, exhibited strong nuignetic polarity, which was reversed 
by turning the bars upside down and again heating them strongly. 

The influence of heat on magnetisation has also been studied by J. M. Gaugain 
{Compt. rend. Ixxx. 297; Ixxxii. 685, 1422; Ixxxiii. 661,896; Ixxxv. 219), whose 
mode of operating is similar to that adopted by Fav6, excepting that the inducing 
power was furnished by a permanent magnet, one pole of which was placed in contact 
with the steel bar under investigation, and that the inducing power w'as in most cases 
made to act constantly during all changes of temperature. These experiments showed 
that when a bar is moderately heated, the total magnetism (permanent + temporary) 
is considerably increased, but that when the heat is raised till the steel turns blue, its 
magnetism attains a maximum value at a certain temperature depending on the nature 
of the steel, and then diminishes to a certain extent. When the bar is left to cool in 
uninterrupted contact with the inducing magnetic pole, its magnetism increases, and 
remains, after complete cooling, considerably higher than it was before heating, and 
higher in proportion as the heat was greater. A short time after the removal of the 
inducing magnet, part of the excess of magnetism developed by heating disappears, 
and cannot bo restored by renewed contact with the magnet. The ratio of the differ- 
ence of the two values to the higher limiting value is called by Gaugain the transmit 
variation. It Is very different for different kinds of steel, and greater for the several 
transverse sections in proportion as they are farther removed from the inducing pole. 
The permaiwnt variation is the ratio of the difference between the magnetism of a 
point after heating, and thjit of the same point before heating, referred to a certain 
temperature ; this variation increases with the magnetising force. In iron these two 
variations are smaller than in steel. Determinations of the total magnetism at different 
high and constant temperatures, show that in bars of great transient variation the 
total magnetism is weaker at 300^ than at ordinary temperatures, but that in bars 
which exhibit only a small transient variation, the total magnetism is strongest at 
300°. Sheffield steel, magnetised at a red heat, not only lost its magnetism com- 
pletely on cooling, but acquired opposite j^larity. On reheating, this reversed 
magnetism disappeared and the originaj polarity was restored. 

JHew Method of Magnetisation . — When steam of 5 or 6 atm. pressure is passed 
through a copper tube 2 or 3 mm. thick coiled round an iron cylinder, the iron becomes 
magnetic, and remains so as long as the stream of vapour is kept up (D. Tommasi, 
Compt. rend. Ixxx. 1007)* Maumen^ {ibid. 1138) attnbntes this result to a thermo- 
electsiifinrront due to the difference of temperature between Uie heated inner surface 
and the cold outer surface of the tube. 
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Influence of Traction on Magnetisation, — Experiments on the effect of 
tractile forces on the magnetisability of wires have been made by Sir William Thomson 
( Proc. Boy, Soc. xxiii. 445, 473). Pianoforte- wire suspended vertically within an 
induction-spiral, and stretched by weights, acquires weaker magnetism both temporary 
and permanent, than when it is not stretched, the difference being more considerable 
for the permanent than for the temporarily induced magnetism. The variation in the 
Tiuignotism consequent on repeated closing and opening of the inducing-current is 
greater with stretched than with unstretched wire. In wires of perfectly soft iron, 
tlie result depends on the strength of the magnetising force. When this force has 
attained a certain magnitude, the induced magnetism is increased by tension ; but 
beyond that critical point it is diminished by tension. The alteration produced by 
repeated opening and closing of the circuit in soft iron wires is always diminished by 
tension, contrary to that which takes place in steel wires. 

Magnetism of Cbemloal Compounds. Elaborate experiments on the 
magnetic behaviour of tlie salts of iron, cobalt, nickel, manganese, chromium, 
cerium, and didymi um, have been nnulo by G, Wiedemann (Poyy. Atm. exxvi. 1.; 
cxxxv. 177; J. pr. Chem, [2], ix. 145; Phil. Mag. [4], xxx. 366; xxxvii. 314; [.5], 
ir. 161, 276). The apparatus used consisted of a brass bar suspended by a torsion wire 
of German silver, and carrying — besides a horizontal mirror for reading off the angle of 
rotation — a brass arm directed from north to south, on which W'iis fixed a small glass 
fl.isk filled with the substance under examination ; in front of this flask was placed an 
( lectromagnet having its axis directed from oast to west. This appiiratus affords the 
iiK'jins of determining the msignitudo of the temporary magnetic moment of the salt 
uruhjr the influence of the electromagnet, previous observation having shown that the 
iiifignetic attraction is proportional to the square of the magnetic moment of the 
attracting electromagnet, and consequently that the temporary magnetic moment of 
the glass vessel filled with the solid or dissolved salt is directly proportional to the 
magnetic force. By subtracting from the magnotic moment which the glass vessel 
filled with solutions of a salt in various solvents and of various degrees of concentra- 
tion exhibits under the influence of the iniit of magnetic force, th5 magnetic moment 
of the same vo.ssol filled with the pure solvent and ir der the influence of tlie same 
force, — and applying this method to various salts, and at various temperatures, the 
following results were obtained : (1), The magnetic moment of any salt dissolved in 
various solvents is directly proportional to the weight of that salt contained in a unit- 
volume of the solution, and independent of the nature of the solvent. (2). It decreases 
with rise of temperature, and in the same ratio for all the salts examined. 

Denoting the temperature by the temporary magnetic moment at 0° by and 
the same at by mt, wo have ; 

= mo(l — 0*00395 

It is remarkable that the decrease of the magnetic moment does not differ much from 
the decrease of the electric conductivity of the metal for the same changes of tem- 
perature. 

In the following tables, ni denotes the specific magnetism of the salts according to 
Wiedemann’s definition, that is to say the quotient of the magnetic moment developed 
in them by the unit of magnetising force, divided by the weight of the salt contained 
in a unit of volume ; n the values obtained by multiplying m into the molecular 
weight of the salt. 


A. Intimations with Solutions . — (All data, with exception of aramonioforrous 
sulphate, relate to the anhydrous salt. For the moan values deduced iroiii iliu results 
of several experiments, the number of the experiments is given in brackets). 



m 



m 

u 

NiSO« . 

18-40 

1426 

MnSO* .... 

62-18 

4695 

NiN*0« . 

15-67 

1433 

MnN*0« 

52-46 

4693 

NiCl* .... 

21o4 

1400 

MnC«H«0« . 

53-03 

4586 




MnCl* [2] . . . 

74-74 

4706 

CoSO* . 

41*52 

3218 




0oN20« . 

33-98 

3109 

Cr*(SO*)» [21 

19-40 

3812 

^oCl* . i ! .* 

47-08 

3058 

Cr*(N*0«)* [3] 

15-46 

3705 




Cr*Cl» .... 

25-15 

3988 

FeSO« [3] . . . 

51-35 

3904 




FeN*0« [2] . 

42-91 

3861 

Fe*(SO*)» . 

46-48 

9296 

^oGl« . . 

60-78 

3858 

Fe*(N*0«)» . 

38-89 

9410 

FeSO«.(NH^)*SO* + *611*0 

19-36 

3795 

Fe*Cl« .... 

59-34 

9688 
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B. Estimations with Solid Salts . — (These were introduced into the flask in the 
state of fine powder, and intimately mixed with ignited silica or dry potassium 
chloride. Here also the numbers— except in tho case of ammonio ferrous sulphate, 
refer to the anhydrous salt) : 



m 


ft 

m 


FoSO* + 7H20 

46-87 

3683 

1 

MnSO* cryst. 

60-92 

4600 

FeCl* .... 

67*71 

3660 

CoSO* „ . . 

38-09 

2950 

FoSO*.(NH')*SO' + 6H*0 

20-81 

4078 

CoSO< [2] . . . 

Fe^CF .... 

38-66 

55-41 

2996 

9000 


These numbers show (3) : that in analogously constituted salts of the same metal 
the product of the specific magnetism of the salt into its molecular weight is constant ; 
or, in other words, the molecular magnetism of analogously constituted salts, in- 
cluding the haloi’d salts, of the same metal, is a constant quantity. The mean magnetic 
moments of a molecule of the nickel, cobalt, ferrous, and manganous salts are to one 
another as 142 : 313 : 387 : 468. The magnetism of a molecule of the cobalt-salts is 
nearly the mean of the magnetisms of the nickel and manganous salts ; that of the 
ferrous salts is intermediate between those of the cobaltous and manganous salts. 
The several oxides of the same metal, FeO and Fe*0* for example, possess different 
magnetic powers, and for the same oxide the magnetism varies with the form : thus it 
is smaller in the soluble form of ferric oxide obtained by dialysis and in that which 
exists in basic salts, than in the crystalline oxide, or in that which exists in the acid 
salts. (4). The magnetism of salts in the solid state is nearly the same as that of 
their solutions; moreover the magnetism of anhydrous salts is not essentially altered 
by the entrance of water of crystallisation. The insoluble salts of the metals above 
mentfoned — so far as they are not decomposed by washing with hot w'ater — agree 
with the soluble jsalts in respect of the value 'of ju. From the preceding results, 
AViedemann considers it probable that in all similarly constituted salts of a metal the 
atom of the metal, when subjected to the action of equal magnetising forces, acquires 
the same degree of temporary magnetism. 

In a second series of experiments {Pog^q. Ann. cxxxv. 177 ; Phil. Mag. [4], xxxvli. 
314) Wiedemann shows : (6). That equality of molecular magnetism exists also in 
the salts of cerium, didymium, and copper. (6). The hydroxides of the 
magnetic metals above mentioned likewise possess nearly equal magnetism. (7). The 
molecular magnetism of the magnetic metals and of the atomic groups containing 
them, remains constant in the passage of a binary compound into another similarly 
constituted compound by double decomposition, so that the molecular magnetism of 
binary compounds may be ailcuKated from that of their constituents in their existing 
state by simple addition, (8). In the double cyanid es of the magnetic metals the 
magnetism of tho atom of metal united with the cyaniferous groups (e.g. 
Cy-hJMoCy and Cy + MeJCy) is tho same as in tho simple salts, whereas tho 
cyaniferous groups, although they contain a magnetic metal, possess a much smaller 
degree of magnetism, or oven exhibit diamagnetism. The molecular magnetism of 
potassium ferrieganideis intermediate betwfien those of tho corresponding mangani- 
and cobalti-cyanidos, just as in the lower oxysalts of tho same metals. The mag- 
netic powers of tho three groups of cyanide^s just mentioned are smaller by equal 
amounts than, those of the corresponding oxysalts. (9). The magnetic deportment 
of tho ferrous and ferric doMe oxalates shows that these salts have, in the solid 
state as well as in solution, a constitution exactly similar to that of other ferrous 
and ferric salts. (10). On the other hand, the molecular magnetism of colloidal 
ferric oxide is only 0 22 times as great as that of ferric salts and ferric hydroxide, . 
so that in this form of ferric oxide tho magnetic group of atoms possesses pro- 
perties essentially different from those which it exhibits in other forms. (11). The 
magnetic behaviour of amtnoniacal copper and nickel compounds, as affected by altera- 
tions of density, appears to be nearly the same as that of the other oxysalts and 
haloid salts of the same metals — so that the magnetic groups of atoms in these two 
salts must be essentially the same. On the other hand, uie very feeble magnetism 
of the purp^treo- and laieo-cobaltic compounds shows that their atomic grouping i.: 
essentially different from that of the s'mplcr salts. (12). When considerable altera-- 
tions of density take 'place, the magnetism of compounds in tho solid state may be 
essentially different from that of the same compounds in solution, as in the case of 
cupric bromide, cobaltous chloride, &c. (13). The higher oxides of the magnetic 
metals (Fe'^0^, &c.) are much less magnetic than the corresponding hydroxides and 
salts ; but it is not yet determiu^d with certainty how far this difference is duo to 
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alterations of density or differences of atomic grouping. (14). The sulphides of 
the magnetic metals arc for the most part much less magnetic than the corre- 
sponding salts. (15). Two diamegnotic elements (bromine and copper) may form a 
magnetic compound, whereas a magnetic element in combining with a nearly indif- 
ferent or slightly diamagnetic radicle {e.g. sulphur, cyanogen in the double.cyanidcs) 
may lose its magnetism. 

Wiedemann has also applied his observations on the magnetism of solutions to the 
study of the affinity of ferric oxide for acids, and the dissociation of ferric salts. It 
has been already stated that the molecular magnetism of colloid ferric oxide prepared 
by diffusion of basic ferric salts, is only about 0*22 of that of ferric oxide in strongly 
jieidulatod solutions. Further observations on solutions of recently precipitated ferric 
hydroxide in solutions of crystallised ferric chloride, gave for the magnetism of colloid 
ferric oxide a value equal to 0 2198 of that of an equal quantity of ordiiiaiy ferric 
oxide dissolved in ferric chloride. The obsen’^ations show further that the magnetism 
of ferric chloride solutions containing ferric oxide is equal to the sum of the mag- 
netisms of the iron in the chloride and in the colloid oxide ; this, however, no longer 
holds good when basic salts are formed in the solution, the iron in these salts prob- 
ably possessing an atomic magnetism peculiar to itself. If therefore in a neutral or a 
slightly acid solution of a ferric salt, part of the salt be resolved into free acid and 
dissolved colloid oxide, observations of the nmgnctism of the solutions will afford the 
moans of calcuhiting the ratio of the ferric oxide combined with the acid in the form 
of a salt to that of the dissolved free colloid oxide, 1 — .f : x. The experiments with 
this object were made in the manner above described (p. 1251), excepting that the 
torsion-balance was made more sensitive by the use of a longer suspending wire and 
a stronger electromagnet. The observations made on solutions of ferric chloride of 
different dogreos of dilution gave the following results : 


Soluiims of Ferric Chloride. 


Iron in 10 c.c. 

X 

1 -x 

1*606 

— 

100 

1*207 

— 

100 

0*806 

1*6 

98*4 

0*404 

2*4 

97-6 

0*202 

6*6 

93*4 

0*138 

8*9 

91*1 

0*071 

■ 11*7 

88*4 


These numbers show that the dissociation of ferric chloride solutions increases 
slowly with increasing dilut ion. J3y similar observations it is found that in solutions 
of neutral ferric sulphate onc-ftmrl li of the salt is resolved into colloid dissolved ferric 
oxide and sulphuric acid, independently of the degree of dilution. In nmmo)iia-iron- 
alvm, one-fourth of the ferric sulphate is dissociated, independently of the ammonium 
sulphate. In a basic solution oi ferric nitrate, 32 to 3G per cent, of the iron was 
found to be present as colloid dissolved ferric oxide. In a neutral solution of ferric 
acetate containing 0’182 gram of iron in 10 c.c., 70 per cent, of the ferric oxide was 
found to bo dissolved in the colloid state ; in neutral solution oi ferric tartrate, 57 per 
Gent, of the salt was dissociated (Wiedemann, J. pr. Chem. [2], ix. 145-171 ; Vhil. 
Mag. [5], iv. 276). 

The hydrated peroxides of manganese, eolmlt, and nirikel have but a very feeble 
magnetism; chromium dioxide, QvO% on the contrary, by its very strong magnetic 
power, slio'^s that it is a saline compound of chromic anhydride with chromic oxide, 
Cr-0“.CrO*. Solution of chrome-alum exhibits the same degree of magnetism in the 
violet state and in the green state proiluccd by heat ; the alteration in the colour 
cannot therefore be due to separation of colloid chromium sesquioxidc, as this latter 
would be much less magnetic. In ammonio-chromic chloride the chromium exhibits 
the same magnetic behaviour as in the chromic salts : hence its constitution must be 
that represented liy the formula Cr'’'CF.8NH*.21I20 {Phil. Mag. [5], iv. 161). 

Magnetism of Ilmen ite (Titaniferous Iron). — This mineral may be magnetised by 
friction witli a steel magnet, and is intermediate in its magnetic properties bctw'ecn 
iron and steel. Fine specimens from Norway of sp. gr. 4*8, containing 24*60 per 
cent. TiO*, 72*10 FoO, 2 06 FeS*, 1*24 SiO*, and a trace of manganese, were found to 
act on the magnetic needle, and appeared to consist of a mixture of differently 
oriented magnets, probably the individual crystals. A piece bi*oken off, 1 J inch long 
«*iud \ inch broad, became permanently magnetised by an hour’s friction with a good 
magnet, and when freely suspended, remained in the magnetic meridian for a month, 
when it suddenly lost all its polarity (T. L. Phipson, Bull. Soc. Chim. [2], vii. 322 ; 
Chmn. News, xxxii. 162). 
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On the Magnetic Anomaly of Ferric Oxhide prepared from Meteoric Tron^ see Ibdn 
( p. 1097). 

MAOirOCBROMXTS and OBOCBAUZTB. The name magnochromite was 
given by von Bock in 1868 to a chrome-ore rich in magnesia, occurring in the ser- 
pentine of Grochau, near Frankenstein in Silesia. It is black, without metallic lustre, 
and has a brown streak. Hardness below 6. Sp. gr. = 1 — 4’110. ,lt forms nodules 
imbedded in a moimttiin-greon matrix, which ramifies into the lumps of ebromo-oro in 
such a manner as to render mechanical separation of the chromVs-oro impossible. 
Perfectly pure portions of the matrix may, however, bo detached from the chrome-ore. 
This matrix gave by analysis : 

SiO» A1»0* FeO MgO H"0 

28-20 24-56 5*27 30-94 12-15 =101-12 

Websky deduces from this analysis the formula Il"®Fe*Mg*'Al’‘*SP'0‘". If the 
isomeric admixture of aluminium-hemisilicate bo deducted as unimporhint, the formula 
of the mineral will be — 

5R"Si*0* 

{IPAPO**- 

It is, therefore, a now species, and Websky proposes to eall it grochauito, from 
the locality in which it occurs. The thicker scales of the mineral contain small 
druses, in which the grochauito appears in six-sided tables, but its behaviour to 
polarised light shows that it belongs, not to the hexiigoual, but to an optically biaxial 
system. 

Deducting the composition of grochauito from that of the inseparable mixture of 
grochauite and miignochromite, as given by v. Bock’s analysis, the remainder gives 
the composition of magnochromite, and shows it to bo a compound belonging to the 
spinel group — 

SiO“ A1*0“ Cr“0» FcO MrO I1“0 

Mixture .... 6-71 29-61 33-25 13-61 1828 2-19 = 102-65 

Grochauite ^ . . 5-72 5-22 — 1-14 6-87 2*57 = 21-52 

Magnochromite . . . 24*39 33*24 12*17 11*41 — = 81*61 

(Websky, Zeitschr. geol. Gcs. xxv. 394; Jahrh.f Mvi. 1874, 300). 

MAGWOFBRRXTS. Intergrcwths of this mineral with iron-glance, from 
Vesuvius, are described by G. vom Hath {Jahrh.f. Min, 1876, 388). 

MABONXA. The fruit of this plant yields by fermentation a very fistririgciit 
wine containing 6*25 per cent, alcohol (Is. Pierre, Compt, rend. Ixxxi. 108G). 

MAXROGABIiOB, A compound obtained, together with Icuco- 

gallol, by the action of chlorine on pyrogallol dissolved in glacial acetic acid (see 
PritoaALLOL). 

AKAXZBi For the saccharification of maize and other cereals, and of lichens, kc.., 
Colami a. Kriiger make use of dilute hydrochloric acid instead of malt, the material 
being stirred up with water and dilute hydrochloric acid in a cylindrical copper vessel, 
by a current of steam under high pressure and at a temperature above the boiling 
point of water, but not high enough to induce the formation of caramel. The saccha- 
rification of maize requires a pressure of 3 atmospheres, under which 360 kg. of the 
ground grain are converted into sugar by the actibn of 16 kg. hydrochloric acid and 
600 litres of water in 65 minutes (Dingl. pol. J. ccxxiv. 302). 

Mouldy mahe-hrrad, treated by the Stas-Otto method (i. 125-127), yields a white 
non-cry shill ine alkaloul, which is very liable to change, and becomes coloured on 
exposure to the air: it is insoluble in water, but dissolves, with alkaline reaction, in 
alcohol and ether. Heated with sodium carbonate, it yields an alkaline distillate. 
Its tartrate is also easily decomposiblo. With sulphuric acid and oxidising agents it 
yields a sky-blue coloration, which disappears spmtaneously after some time, but 
quickly and with transient violet coloration on addition of excess of water, oxidising 
agents, &c. With the ordinary tests for alkahiids it yields precipitates, some of 
which are crystalline. It resembles strychnine in its physiological action, but is not 
identical therewith (Lombrojso, Compt, rend, Ixxxi. 1041; Gaze, chim, ital, 1876, 
538 *, Brugnatolli a. Zenoni, HM. 240). 

MAXiACBZTS-GRRBR (0. Doe^jper, Deut. Chem, Ges. Ber. xi. 1236). A 
green dye-stuff, consisting of the double zinc salt of a base having the composition 
C**IP‘N*. It is produced on the large scale by heating 2 mols. dimethylaniline, mixed 
with half its weight of zinc chloride, with 1 mol. benzoyl trichloride ; a deep green 
mass is thus produced, which may be freed from excess of the original substances by 
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Bteam. The zinc salt thus produced is soluble in water and alcohol. The free biiso 
is a red-brown uncrystallisable oil, whoso salts are changed by an excess of mineral 
acid from green to yellow. Its formation is represented by the equation : 

C’H*C1» + 2C«H‘*N = + 3HC1. 

This base is reduced by zinc and hydrochloric acid, yielding a colourless base, 
q 28 I 12 «X 2 , identical with 0. Fischer’s tetramothyldiamidotriphenyl-methane, 
C«1I*.CH[C*H^N(CII*)*]®, obtained by the action of benzaldehyde or bonzal cliloricloon 
dimethylaniline Chem, Ges. liar. x. 1624; xi. 960): it melts, according to 

Doebner, at 97°-98® , according to Fischer at 92°-93°. 

The base produced from benzotrichloride and dimethylaniline is evidently 

related to Fischer's base in the same manner as rosaniline to leucaniline, and may 
probably be represented by the constitutional formula ; 

^C«H«N(CH»)* 


Malachite-green is said to possess many advantiges over methyl-green, being much 
cheaper and less affected by soap and acids (Chem, Cmtr, 1878, 687).' 

CH'^-COOH 

MAXiEZC ACZB, - 1 . The reasons for regarding this 

=C— COOH 

acid as an unsaturatod compound, founded on its behaviour with hydrobromic acid, 
have already been given under Fumabic acid (p. 831). 

Maleic acid is formed by the cautious dry distillation of silver succinate, mixed 
with three times its weight of sand, = Ag’* + and passes over, 

partly as a highly concentrated aqueous solution which collects in the receiver, partly 
in crystals molting at 130°, which collect in the neck of the retort (Jlourgoin, Bull, 
Soc, Chim. [2], xx. 70). 

Action of Hydrobromic acid. — Maleic acid or its anhydride dissolves easily in 
hydrobromic acid, and the solution, oven before the last particles of acid or anhydride 
have disappeared, deposits slender colourless needles, «he quantity of which increases 
so rapidly that the entire liquid is soon converted into a thick crystalline pulp. The 
product consists of a mixture of fumaric and monobromosuccinic acids in equal num- 
bers of molecules, whatever may have been the proportion of maleic acid and hydro- 
bromic acid employed in the reaction. The bromosuccinic Jicid may be extracted 
from this mixture by w’ater, which leaves it on evaporation in woll-deliiied colourb ss 
crystjils, melting at 169°, and identical in every respect with the bromosuccinic acivl 
obtiiiiiecl in like manner from fumaric acid (Fittig a. Dorn, Deut. Chem. Ges, her. 
ix. 1191). 

Bromomalcic Anhydride^ C^TlBrO*, formed by hefiting di bromosuccinic acid in a 
sealed tube to 120°-! 60° with acetic anhydride, melts at r25°-126^ and boils at 
215° (Anschiitz, ibid, x. 1881). 

Diirromomalcic acid^ C^II*Br*0*, is formed by heating tribromosuccinic acid with 
water to a temperature above 100°: C*H*Br*0^ = HBr-|- C^IDUr'-’O*. It is a very 
stable compound, not being decomposed by distillation or by prolonged boiling .wit h 
moist silver oxide ; its silver salt also is not altered by heating with water to 120°. 
When, however, the acid or its silver salt is heated with water to 160" in sealed tubes, 
it is converted into dihydroxymaleic acid, CTPBr*0* + 2HH)~21lBr4- C‘J1‘0®. 
lleiited with bromine it yields carbon dioxide and tctrabroiuethane : 
C*n*Br*0< + Br* = 2CO^-t. G^mir^ 

Maleic Ethers. — When either maleato or fumamte of silver is left in contac t at 
ordinary temperatures with ethyl iodide, a considerable rise of temperature takes 
place, and a diethylic ether, 0^IT'(C‘*H®)W, is formed, which boils at 218*6° (mercury- 
column wholly in the vapour), and is converted by saponification with alcoholic potash 
into fumaric acid This result renders it doubtful whether the ether obtained from 
fumaric acid is really a fumarate or a maleate, and moreover throws doubt on the 
conclusions drawn by Hlibnor a. Schreiber {vii. 766) from the vapour-densities of 
ethyl fumarate and maleic anhydride, as to the relative molecular weights of fumaric 
and maleic ethers (Anschiitz, Ber. xi. 1644). 

When ethyl chloromaleate (1 mol.) is mixed with a solution of potassium cyanide 
(3 mols.) in twice its weight of water, and sufficient alcohol io foriu a clear solution, 
the liquid becomes very hot, and potassium chloride separates out, but no cyanised 
compound is formed, the product when boiled w'ith potash yielding succinic acid. 
Hence it appears that a reduction has taken place, a dicyanosuccinic acid being first 


OH* 
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formed, which then gives off carbon dioxide and retains 2 atoms of hydrogen instead 
of the cyanogen-residue (A. Cluses, Ber, xi. 928). 

Hydroxy maleic acid, C*H 'O' = 00011 — CHOH — C — COOlf, is obtained by 
agitating a cold solution of potassium bromomalcatc with recently precipitated silver 
oxide: C^HllrK^ON- Ag01I = AgBr + C‘H‘‘*K*0'. Separated from its lead salt by 
hydrogen sulphide, and crystallised from water, it forms long slender 'needles, and is 
easily soluble in water, alcohol, and ether. It is bibasic, and fornjs soluble salts 
with the alkalis and with baryta. The silver salt, C'H''*Ag"0®, is insoluble in water, 
soluble in acids and in ammonia; it is decomposed by boiling with water, and 
detonates when heated. The lead salt is insoluble in water, oven at the boiling heat, 
also in ammonia and the fixed alkalis, but dissolves readily in nitric acid (Bourgoin, 
Bull Soc. Chim. [2], xix. 482). 

Dikydroxymahic acid, C*H'0*=C00H— C(OH)=— ( 1 — COO]I.— This acid, 
related to tartaric acid in the same manner as hydroxymalcic t>o malic tucid, and 
maleic to succinic acid, is formed by heating dibromomaleic acid or its silver salt with 
water to 1.00° in a sealed tube for several hours : C'H-Br-O' + 211^0 2lIBr + CH'O”. 
When the silver salt is used, and the liquid filtered from the precipitated silver 
bromide is neutralised with ammonia and mixed with silver nitrate, a white precipitate 
of silver dihydro.vytnale<ifc, C'H-Ag'-O", is formetl, soluble in ammonia, nitric acid, and 
a large quantity of acetic acid, and decomposing without detonation when heated. 
The acid separated from this salt by hydrogen sulphide forms colourless crystals, 
having a strongly acid taste like that of birtarie acid, soluble in water and in alcohol, 
nearly insoluble in ether. The di hydroxy maleates of the alkalis aild alkaline earths 
are soluble in water (Bourgoin, Bull Soc. Chim. [2J, xxii. 443). 

CHOH— COOK 

MCikUC ACXB, C'HW = I . \, OiHieally Active Modi- 

CH--COOII 

fications. — The malic acid which Bessaigues obtained by the action of phosphorus 
iodide and water on /artaric acid (v. 67.5) is dextrogyrate, and has a rotatory power 
= + 3*1 57i which is nearly equal, but opposite, to that of malic acid from mountain- 
ash berries (—3 ‘299). 1l\\q aciU ammonium salt of dextromalic acid has a robjtory 
power = + 7'9r2 ; that of the corresponding salt of ordinary malic acid, on the other 
hand, is — .5‘939. If, however, the acid calcium salt of the latter acid be neutralised 
with ammonia, and the lime exactly precipitated by oxfilic acid, an acid ammonium 
salt is obtained having a laevo-rotation = — i-SlB. These facts point to the existence 
of two isomeric acid ammonium malatos: 


CU(OH)— C0*(NH^) 

CH2— CO-H 


CII(OH)-CO‘'H 
OR'-— C0"(N1I‘) 


(G. W. Brewer, Bull Soc. Chim, [2], xxv. 6 ; Deut. Chem. Gcs. Ber. viii. 861 ; 
V. 1594). 

Ordinary malic acid is decomposed by sulphuric acid into 00'“', CO, IPO, and 
aldehyde, C*H'‘0. As ethylidene-lactic acid is resolved by similar treatimmt into CO, 
H‘“0, and aldehyde, it is probable that the malie acid is first converted into lactic acid, 
CM[“0^ = C0'“ + C'*li“0*, ainl that the latter is then decomposed in the manner just 
raentioiKjd (Wcitli, Dent. Chem. Ges. Ber. x. 1744).* 

Lead malatc dissolves to a considerable amount in dilute acetic acid at 5()°-60°, 
and crystallises tfierefrom on slow cooling to 30°-4()° in slender needles. This reaction 
may bo utilised for the separation of malic acid from oxalic, citric, and tartaric acid, 
the lead salts of which are insoluble in dilute acetic acid (F. A. Hartsen, Arch. 
Pharm. [3], vi. 110). 

2. Inactive Malic acid. — This modification, which Pasteur obtained by the 
action of nitrous acid on inactive aspartic acid (iii. 789), is also produced : o. together 
with fumaricacid, by treating ethyl dicliloropropionate with a weak alcoholic solution 
of potassium cyanide, and boiling the product with potash (Werigo a. Tantar, lAebi/fs 
Annalen, c\xxiy .dSl). jS. By heating fumaric acid with soda-ley to 100° for six 
hours, the reaction being apparently analogous to that which takes place in the con- 
version of acrylic acid into hydracrylic and cthylenelactic acids (p. 43). Tho c(dcium 
salt is precipitated by boiling from a solution prepared in the cold, in microscopic six- 
sided tablets, and when 'dried over sulphuric acid has tho composition CII'CiiO® 
(Linneraan a. Loidl, Deut. Chem. Ges. Ber. ix. 925). The alkali-salts of inactive malic 
acid are easily soluble, crystallise with difficulty, and are thrown down by alcohol as 
amorphous flocculent precipibitcs ; so likewise are the coj[jpcr and chic salts. The 



MALONIO acid. 1257 

aqueous solution of the zinc salt becomes turbid when heated, but clear again on cool- 
ing. Tlie lead, silver, and Tnercury salts are nearly insoluble in water, and the two 
latter are easily deC(jmposed by water (Werigo a. Tan tar). 

3. Zsomallo or Zsobydrozysuccinie Acid* CO-ir.CHOH.CH'-'.CO^H, is ob- 
tained by adding recently precipitated silver oxide to aqueous broniisosuccinic artd(seo 
Succinic Acids) previously freed as completely as possible from adhering hydro- 
bromic acid by ‘heating in a stream of carbon dioxide, then gently heating the liquul, 
and separating it ho silver bromide by filtration. The solution freed from dissolved 
silver by hydrogen sulphide contains isomalic acid still contaminated with a greasy 
substance. Por piirificitiori the acid is converted into the lead salt, which separates 
on adding a solution of noiitral lea l acetate to the aqueous or alcoholic solution of 
the acid, as a white, bulky, sparingly soluble precipitate. This salt. (dried 

at 120 ), is distinguished from ordinary malato of load by not molting under water. 
On decomposing it with hydrogen sulphide and concentrating the filtrate, isomalic 
acid separates in crystals, apparently monoclinic. It is easily soluble in water, 
alcoliol, and other, and b(;gins to melt and give olF gas at about 100*^. All its salts 
hitherto prepared — even the acid calcium salt are amorphous. 

Isomalic acid docs not rtvact with calcium chloride and ammonia in tlio same 
manner as isosiicciriic acid. When heated to 1(50° it is resolved into carbon dioxide 
and ordinary lactic acid, and has therefore the constitution of isohydroxysnecinic acid 
(8chmdger, J. j)r. Cheni. [2], xiv. 77). 

MAX.ZC CUliORAZiZBE, 0/»HSCPO^ See Culouaudu (p. 445). 

MAZiOXrAMZBE, CWX‘^0'- - CTP(CONIl‘^)-\ is formed by digesting metliyl 
malonato (p. 1259') in aqueous ammonia. On evaporating the solution, dissolving the 
residue in hot dilute alcoliol, and leaving the liquid to cool, the malonamido separates 
in needles having a silky lustre. It is insoluble in absolute alcohol and in other, and 
when boiled for some time in water, with repeated addition of ammonia, is converted 
into ammonium malonamato, CONH*. OIP.CO()(NlP) (Ostcrland, Dent. Chtm. Ges. Her. 
vii. 1286). According to van 't TToff (ArcL nverland, x. 274) malonamide molts at 170°. 

IttABOWrZC ACZB, C'’JP0'-=0(m(lIP.C02n. Formatiou,~-\. From PUhyl 
C h 1 o r a c ry 1 a t e, C’J 1-01 0-.C-H\ This ether is conyerted by prolonged boi 1 ing with 
baryta-water into barium acryl-lactato or hydroxyacrylate, which remains dissolved, 
and liariurn malonate which separates out; and on decomposing the mixture of barium 
salts thus obtained with the requisite quantity of sulphuric acid and evaporating the 
filtrate to a syrup on the watcr-hath, malonic acid crystallises out in flat prisms. 
Its formation from hydroxyacrylic acid, CHOHmOII.CO^H, produced in the first 
instance, may perhaps bo represented by the following equations ; 

CHOIf— CIl.CO'-TI + U^O := 0H(0II)2CU-'.00*H 
CH(OHy'.CJP.CO*'lI CHO.OIP.CO^H -I- IPO 

cHO.cmoo^K + 0 co^ii.crp.co'-'H. 

The oxygen may bo supposed to be derived from the air. Malonic acid is also said 
to bo contained, together with a second acid, in the water which passes over on dis- 
tilling crado ethyl cliloracrylato in a current of steam. 

2. Malonic acid is formed in small quantity, together with much carbon dioxide 
and oxalic acid, by the oxidation of ethyloiie-lactie acid with chromic acid 
(Wislicenus, Lichiy's Annalen, elxvii. 346). 

3. From Mucobromic acid, CMPBr^O*. The aekl which Schmelz a. lleilstcin 
obtained by the action of bromine and water on pyromucic acid (iii. 763) was supposed 
by them to be resolved by boiling with exceas of baryta -water into carbon dioxide, 
hydrogen bromide, bromacotyleno, and an acid, C‘1P0*, which they designated as 
muconic acid. Jackson a. Hill, however, find that the lead salt of the acid thus 
obtained has the composition C®H-PbOS and that the acid separated from it is 
identical in every respect with malonic acid prepared from cyanacetic acid. They 
find also that mucobromic acid treated with baryta-water yields bromide and formate 
of barium, as well as malonate, so that the reaction may bo represented by the 
equation : 

C*n2Br20» + 3H'^0 = CH^O^ + 2HBr. 

... J'^eparntion. — The ethyl cyanacetatc required for the preparation of malonic aeid 
(iii. 709) is best obtained, according to Franehimorit {Dent Chem. Ges. Her. vii. 216), 
from ethyl bromacctnte. This latter, obtained by boiling bremacetic acid for an hour 
in the water-bath with absolute alcohol, is washed several times with water, dissolved 
m about ten times its volume of alcohol, ;ind pure pulveriscjd potassium cyanide is 
then added to it in excess. The liquid soon boils, and the odour of the ethyl brom- 
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acetate disappearB after a short time. It is then filtered to separate potassium 
bromide, caustic potash is added, the alcohol is distilled ofT, and the aqueous solution 
boiled as long as it continues to give oiF ammonm. The malonic acid is best extracted 
irom the residue by acidulatiun and agitation with ether. A small quantity of 
succinic acid is formed at the same time. 

Conrad {Ber. xi. 749) dissolves monochloracetic acid in a small quantity of alcohol 
and neutralises it with dilute soda-ley, keeping the liquid cool ; then adds an equivalent 
quantity of potas-sium cyanide dissolved in water, whereupon cyanaqetate of alkali- 
metal is formed with great rise of temperature ; and heats the liquid for several hours 
to complete the reaction. On subsequent addition of a quantity of soda-ley equal to 
that which was used for the neutralisation of the chloracetic acid, a copious evolution 
of ammonia takes place after some minutes, attended with sudden ebullition. After 
all the ammonia has been driven off by prolonged boiling, the Bolu*uion may be neutra- 
lised with hydrochloric acid, and the malonic acid precipitated by calcium chloride. 

On the preparation of malonic acid, see also Petrieff (2?er. vii. 400) ; van *t Hoff 
{ihid. 1571); Osterland {ibid. 1286); H. v. Miller {J,pr. Chem, [2], xix. 326). 

Electrolysis. — A solution of 100 grams malonic acid in 200 c.c. water, neutralised 
with potfissium carbonate and subjected to the action of a battery of six Bunsen’s 
colls, yields nothing but carbon dioxide and hydrogen, the methylene liberated in the 
first instance (succinic acid similarly treated yields ethylene) being probably oxidised 
by nascent oxygen (v. Miller). 

Malonic Sthera. When ethyl malonate, CO*C*H*.CH®.CO*0*H*, is treated with 
1 mol. potassium hydroxide, both dissolved in alcoholic pohish, the whole solidifies to 
a crystalline pulp of potassium cthylmalonate, which is dect>mposed by phos- 
phorus pentJichloride, yielding ethyl chloromalonate, according to the equation : 

002K.0U^C02C*H» + POP = POCP + KCl + CO01.CH«CO2C*H*. 

Ethyl chloromalonate boils between 170° an<l 180°, and is decomposed by water, like 
an acid phloricle, the resulting liquid, when heated with potash, yielding ethyl alcohol 
(J. van ’t Hoff, Deut. Chem. Ges. Ber. vii. 1571). ' 

Ethyl malonute, like ethyl acetate, is capable of taking up 1 or 2 atoms of sodium. 
The reaction begins, with evolution of hydrogen, at ordinary temperatures, but is much 
retarded by the crust of sodium-comi)ound which forms on the surfiice of the metal. 
Tliis, however, may be prevented by adding absolute alcohol (2 voL to 1 vol. of the 
ethyl m<alonatc) which holds the sodium in solution. As the liquid cools, the sodium- 
compound of the malonic ether separates as a crystalline mass. If required to be 
free from alcohol, it must be heated to 150° on an oil-bath in a flask through which a 
brisk current of dry hydrogen is passed ; if, however, it is wanted merely for syntheticiil 
purposes the presence of alcohol is for the most part not injurious, and the sodium 
compound may be subjected to the action of an organic halogen-compound as soon as 
the sodium is dissolved The action is usually very energetic, but prolonged heating 
on the wjitor-bath is necessary for its completion, which may be recognised by the 
fact that a drop of the mixture no longer blues moistened red litmus paper. Water 
is then added to dissolve the haloid soiiium compound, and the oil whicli then sepa- 
rates is submitted to fractional distillation. The yield of the organic substituted 
malonic ether thus obtained is very nearly equal to that required by the following 
equation, in which X denotes an organic residue, and J the substituted halogen : 

CHNaCCO^C^Hs)'^ -h JX = NaJ .+ CHX(C02C^H®)2. 

From this primary substitution-product, a secondary substitution -product may be 
obtained as in frlio cjiso of the aceto-acetic ethers (p. 13), by replacing the remaining 
hydrop[en-atom in the group CHX by sodium, and treating the product with another 
organic halogen, JY : 

CNaX(CO*C2H*)3 + JY = NaJ + CYX(CO^Cm-% 

Ethylio Ethylmalonatef CH(C*1I*)(00-C‘H*)®, thus prepared (with 15 grams of 
absolute alcohol, 2*3 sodium, and 16 C-H*J) distilled over between 208° and 210°. 
On saponifying this ether with potash, acidulating, and agitating with ether, ethyl- 
malonie acid, C*H®0*, separates in the form of a crystalline mass (Conrad, Beut. Chem. 
Ges. Ber. xi. 750). 

Ethylmxloxic acid, C*H"0*= CH(C®H®)(C0-H)“, metamoric with pyrotartaric 
acid, and likewise called was first obtained by Wislicenus in 

1869 {Liehi^s Annalen, OKlix. 220), who prepared it by treating ethyl bromobutyrate 
with potassium cyanide, and decomposing the resulting nitril with potash : 

C*H».CHBr.C02IT + KCN = KBr + C*IP.CH(CN).CO*H 
and C-H».CH(CN).CO*H + 2n*0 = NH* -i- CH(C*H»)(CO*H)* 
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The acid thus obtained was a syrupy liquid. Subsequent experiments by Wislicenus 
a. Urccli {ibid. clxv. 93) showed, however, that this syrup was a mixture of ethylnialonic 
acid with a small quantity of oxybiityric acid, and that the former may be separated in 
the crystalline state by leaving the syrupy arn'd at rest for some time, or better by con- 
verting it into a copper salt, purifying this salt by repeated crystallisation, and 
decomposing it with hydrogen sulphide. 

J^rhylrnalonic acid is also pTOdnml from ethyl cyanobutyrate by the action of 
hydrochloric Mchl, or. bettor of potash, since it is decomposed by hydrochloric acid in 
the subsequent evaporation. Its aqueous solution likewise decomposes when evapo- 
rated at too high a tempe-rature, giving olf carbon dioxide and butyric acid vapour. 
By slow crystallisation it is obtained in rhombic prisms, sometimes a centimeter long. 
Prom warm solutions, or by rapid crystallisation, it separates in feathery groups re- 
sembling sal-ammoniac. It dissolves ejisily in water, alcohol, and ether, melts at 
111-6°, and decomposes without sublimation at 160° (or mjre quickly at 170°) into 
carbon dioxide and butyric acid. 

Potassium ethylmalonaU separates on mixing the alcoholic solutions of the acid and 
potassium hydroxide in small crystals, easily soluble in water, insoluble in alcohol. 
The sodium salt separates from concentnitod solutions in granular masses, effloresces 
in contact with the,air, and dissolves easily in water, more freely howeyer in cold than 
in hot water (Markownikoff, Liebig's AnnaleUy clxxxii. 324). The barium salt is 
anhydrous, and crystallises in small needles. The calcium salt, C*H®O^Oa + H-0, 
crystallises in prisms, and is more soluble in cold than in hot water (Tupoloff, Detif. 
Chem. Ges. Per. vi. 1440). 

The ziihc salt, C“II®()'Zn + 2JIPO, is especially characteristic ; it dissolves but 
sparingly in water, whether hot or cold, and separates on evaporation as a crystalline 
pow’dor made up of hexagonal or quadratic (rhombic ?) plates. At the moment of its 
formation it dissolves more readily, and tlicn separates on cooling (also by slow 
evaporation of cold solutions) as a crystalline crust (Markownikoff, loc.cit. According 
to Wislicenus a. Uroch (ibid. clxv. 93) this salt, prepared by saturation or by precipi- 
tation, contains 3 mols. H-0, and gives off only 2^ mols. at 160°. The copper salt, 
C'JPO 'Cu -F- 3]PO, forms blue-grcon tablets, which give off only mols. IPO at 160'*. 
The lead salt, C®ll®O^Pb, is formed on precipitating a solution of the ammonium salt 
w’ith lead acetate (W. and U.) The elhylic ether, C^tPOXC’^lP)®, alrejuiy mentioned 
(p. 1268) may also be prepared by decomposing the silver salt with ethyl iodide, and 
forms a colourless liquid having a faint aromatic odour and boiling, after repeated 
rectification, at 199*’-201° (uncorr.) At a higher temperature (260°-300°) it is 
partially decomposed with formation of ethyl butyrate (Markownikoff). 

OiMHTiiTL-MAi.ONic ACID, = CO’*'lI.C(CIP)*.CO*II. fi-lsopyrotarfarw 

acid (Markownikoff, Deut. Chem. Ges. Tier. vi. 1440 ; Liebig's Annalen, clxxxii. 324). 
This acid is formed by heating bromisobutyric acid with potassium cyanide, and de- 
composing the resulting nitril with potash ; 

BrC(CIP)*.CO''II + KCN = KBr + (CN)C(CHTCOni 
and (OxV)C(CH«)*.C02H + 2H-'0 - NH» + CO-‘n.C(CH*)* CO=H. 

It crystallises in transparent four-sided prisms, sparingly soluble in alcohol, moder;itoly 
soluble in W'uter, though less so than its isomeridos, pyrotartaric and a-isopyrotartaric 
or ethyl-malonic acid. At about 120® it sublimes in white needles resembling sal- 
ammoniac, and at about 170° it begins to melt, and split up into isobutyric acid and 
carbon dioxide. It is not attacked by boiling dilute nitric acid, and scarcely at all by 
boiling chromic acid mixture. The mother-liquors obtained in its preparation appear 
to contain oxyisolmtyric acid. 

Sodium dirmthylmalonate forms small efflorescent needles, slightly soluble in water. 
The barium salt is less easily soluble, and crystallises in stellate groups of thin 
needles. The calcium salt, like that of the o-acid, is moderately soluble in cold water, 
and is deposited from the solution on warming. It crystallises in nodules. The 
magneshm salt is crystalline, and eiisily soluble in water. The sine salt, 
C*H*O^Zn.3IPO, obtained by saturating the acid with zinc carbonate, di.ssolvcs in 106 
parts of water. It resembles the zinc salt of the a-acid, and decomposes 'in the same 
manner. The lead salt, produced on adding lead acetate to a hot solution of the 
sodium salt, forms white scales, insoluble in hot and cold water. The silver salt 
crystallises in smiall needles, insoluble in w'atcr and not affected by boiling. 

Methyl malonate, C*II'“(CH*)=OS obtained by the action of methyl iodide on 
silver malonate, is a mobile liquid having an ethereal odour, a specific gravity of 1*135 
at 22°, boiling at 176°-180°, and remaining fluid at —14°. Its vapour-density(Ha 1 ) 
is 66*79 (calc. 66). It is insoluble in water, by which, however, it is gradually de- 
composed; soluble in alcohol and ether. Ammonia converts it into ma Ion amide 
(Osterland, Deut. Chem. Ges. Per, vii. 1286). 



1260 MALONIC ACIDS (SUBSTITUTED). 

Bromomalonlc adds. The monohrominated acid, CHBr(COOIl)^ obtained 
by the action of sodium-amalgam on an aqueous solution of the dibrominated acid, 
crystallises in large square plates, which dissolve easily in alcohol, forming acid 
ethyl bromomalonato, C()'TT.CHBr.CO*C*H*, which may also be formed directly by 
the action of sodium-amalgam'' on an alcoholic solution of dibroniomalonic acid 
(W. Petrieff, Bcut. Chem, Ges, Ber. xi. 414). , 

Dihromomn Ionic acid^ CBr*(CO^H)*, is formed in small quantify by the action 
of bromine, aitied by heat, on an aqueous solution of malonic acid. The action is 
attended with evolution of hydrobromic acid, together with a large quantity of a 
colourless gas, and the principal product is a heavy neutral oil (Petrielf, Ber. vii. 400). 
According to van 't Hoff {ibid. viii. 3do), the colourless gas is carbon dioxide, and the 
oily liquid consi.sts of bromof<irm, which, however, is not a consbrut product of tho 
reaction. A concentrated solution of malonic acid is attacked by bromine, even at 
ordinary temperatures, with considerable evolution of heat. At tho end of tho 
reaction, tribromacctic acid separates as a white crystalline mass, and tho mother- 
liquor contains dibromacetic acid together with a very small quantity of dibromo- 
malonic acid. 

Hydroxymalonio or Tartronio acid, 0*11^0^ = CH(OH)(COHI)^ This acid 
was discovered by Dessaignes, who obfciined it by the spontaneous decomposition of 
nitrotjirtaric acid, and by tho action of sodium on mosoxalic sicid (v. 698). Demole 
(Deut. Chem. Ges. Ber. x. 1788) prepares it by gradually adding 20 grams of nitro- 
tartaric acid to 60 c.c. alcohol of sp. gr. 0*92;') in a porcelain basin on the water-bnth, 
and leaving tho liquid to cool after the evolution of gas has ceased. The crystals 
which separate are pressed between filter-paper and dissolved in \/atcr, the solution 
evaporated to dryness, and the residue treated with ether t o separate oxalic acid. Tho 
acid thus obtained melts at lo0°-151°; Orimaux (5cr. x. 903), who prepared it by 
treating dibromopyruvic acid with baryta-water, found that it melted at 145°-147°. 

Tartronic acid is also produced by the action of silver oxide on monobromomalonic 
acid, and by heating the product of the action of po.tassium cyanide on dibromacetic 
acid with potassium Jiydroxido (Potrieff, Ber, x. 414). 

Dihydroxymalonio acldr C*II‘0®=C(Oir)*(CO®H)®. The salt of this 
acid, C(OH)“(CO')‘Ba, is formed by boiling tho solution of tho dibromomalonato, and 
keeping it neutral by repeated addition of baryta-water. It then separates as a white 
crystalline salt, and crystallises from solution in a small quantity of liot water, in 
short white needles easily soluble in acids. Tho calcium salt is a white amorphous 
precipitate. The silver salt is a fiocculent precipitate which dissolves in nitric acid 
and in ammonia, and docoinposes with explosion when heated. The acid prepared 
from the barium salt by evaporation with hydrochloric acid and extraction with ciher, 
crystjilliscs, though at first with some, difficulty, from its aqueous soliitioii acidulated 
with hydrochloric acid. By recrystallisation from ether it is obtJiined in radiate 
groups of needles which melt at 96'^, and dissolve readily in water, alcohol, and 
other. 

Mes oxalic acid, which is produced by oxidation of amidomalonic acid (iv. 115), 
has hitherto been regarded as its salts in the anhyd rous state being ropresoiitcd 

by the formula According to Deichsel’s analyse.'^, however (vi. 825), all 

these salts, exc«'pt tho ammonium salt, contoiii '♦it least 1 mol. H-0, and might there- 
fore be equally well represented by the formula according to wliicli the 

jicid would be CHHO®, that is to say dihydroxyfiialonic acid. Tho ammonium 
salt, however, appeared to contfiin 1 mol. IHO less than the other mcsoxalates, a fact 
which if establislnxl would bo inconsistent with this view of tho composition of the 
acid ; but Petrieff, by saturating an aqueous solution of mosoxalic acid with ammonium 
carbonate, and evaporating the solution in a vacuum, has obtained ammonium 
mosoxalate in colourless needles analogous in composition to the other mesoxalates, 
that is to say, represented by tho formula C®(NH*)‘'0'.H“0 or C’.H='(NH‘*)*0“. 
Deichsel’s salt, which formed granular crystsils turning red in the air, was probably 
the corresponding monamidc, C*N*H"0* ™ C®H‘(NH^)“0*— IPO ; and this view is in 
accordance with the manner in which it was prepared, namely, by the action of am- 
monia on ail alcoholic solution of mesoxalic acid, as such a solution would prol.iably 
contain ethyl mesoxalate, which with ammonia would yield tho amide. The property 
which Deichsel’s compound exhibits, both in tho solid state and in solution, of turning 
rod in the* air, affords another argument in favour of this view of its c»mstitution, tho 
same property being exhibited by the diamide which Petrieff obtained by tho action 
of ammonia on ethyl mosoxalate. 

That mesoxalic acid really contains two hy<lroxyl-groTips attached to tho same 
carbon-atom is shown by the formation of dielhylic diacetomesoxalate, 
C(OCHPO)*(COOC*H®)*. This ether, prepared by heating 2 mols. acetyl chloride 
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with 1 mol. ethylmosoxalato for an hoar in the water-bath, crystallises in long white 
needle-shaped crystals, melting, with partial decomposition, at 145®, partly decomposed 
by solution in water, completely by agitation with a weak alcoholic alkaline ley. 
The diacetomcsoxalic acid thereby produced crystallises in needles, molts at 
— 130°, and decomposes at a higher temperature. Its alkali-salts are crystalli sable and 
oasily soluble in water ; the silver and lead-salts are insoluble pulverulent precipitates. 
Finally, mesoihlic acid agrees in all its properties with the dihydroxymalonic acid 
which PetrieflK obtained by the action of baryta-water on barium dibromomalonAo 
(Potrieff, loc, ciU) * 

MAXiT. On the preparation of Malt extract, see Jassey (N, Jahrb. Pharm. 
xxxix. 160; Jahresh.f, Chem. 1873, 1076). 

On the M.ilt-^ost and Mash-process, see Lintner {DingL pol. J. ccxviii. 182 ; 
Jahresh. /. Chem. 1875, 1131); also W. Schultze (Pingl. pol. J. ccxxxi. 63; Chem. 
Soo. J. xxxiv. 509). 

MA&TOSB. See Suqabs. 

MAliTTliUllAllIlDlS and MAXiTZiXT&BZDXC ACZD. See Ubimidosuccin- 
AMiDE and Ubtmidosuccinic Acid, under Succinic Acid. 

MAWDEZiZC ACZD, C«H«0» = C«II*.CH(0H).C0“1L This acid is formed by 
reduction of phenylglyoxylic acid, C^H^.CO.CO'-*!!, with sodium amalgam (Sehwobel, 
Dent. Chem. Gcs. Per. x. 2045), On its preparation from benzoic aldehyde, acid 
sodium sulphite, and potassium cyanide, see 0. Muller (vii. 767). It melts at 115® 
(Miillcr, Arch. Pharm. [3], ii. 385). 

On Mandelic Chloralidef see Culoualide (p. 445). 

MAZVGAirESZS. Ores. The lithia psilomelane of Salm-Chateau in Belgium 
has been analysed by II. Ljispeyres {J. pr. Chem. [2], xiii, 1) with the following 
results : 

1. Mean of two analyses. 2. Reduced to 100, the excess being distributed nearly 
in proportion to the values of the several constituents : 



SiO» 

CnO 

CoO 

CaO 

MgO- 

A1»0* 

Fo*0» 

MnO 

(!•) 

01 32 

0-080 

0119 

0-262 

0-078 

2-625 

0-173 

75-741 

(2.) 

0-129 

0-078 

0116 

0-256 

0-026 

2-468 

0-168 

73-728 

K«0 

Na"0 

Li»0 

0 

H’-'O 



Sp. gr. 

(1-) 

3-379 

0-837) 

0-481 

14-658 

3-764 =» 

102-227 

4-328 at 18-2“ 

(2-) 

3-289 

0-813 

0-468 

14-658 

3-764 = 

100 

4-277 at 16-8“ 


From this analysis, Laspeyres infers that psilomelane is a manganate of the 
bases 3irO, 31TO and R»*OJ, in which R"«Mn, Cu, Co, Ca, Sr, Mg; R' = H, K, 
Na, Li ; = A4 and Fe, the corresponding manganic acid being lI^MnO* or 2H‘“O.Mn()*. 

The older analysas of psilomelane (iii. 813) exhibit considerable divergence from this 
formula, but the difforeiici's range themselves alx)ut equally on both sides of it, so that 
it may ho regarded as representing the average composition of the mineral. 

Laspeyres {ibid. 176) has further extended this mode of representation To all 
varieties of manganese peroxide, natural and artificial, and classifies them as in the 
following table, the manganese of the base (bivalent) being denoted by mn, .and that 
of the acid (sexvalent) by Mn : 


Pyrolusito and Polianite, mrMnO* type H®MnO^ 

Psilomelane, H'‘'mnMnO'‘ H‘lVTnO''* 

Groroilite, lI^mnMnO® 

Varvicite, H*rnn*MiiO* II®MnO* 

Braunito (Marcelin), mn®MnO®) 

Cupreous Manganese, H^R"mnMnO’, where R" = mn, Cu, &c. „ II"MnO’ 

Manganite, H ’mn®MuO“ ) 

AVad, H®mn*MnO« !■ „ H»*MnO» 

Hausmannite, mn*MnO" j 
Earthy Cobalt, lI*R"mnMnO*) 

R"=Co, Cu, &c. I H'^MnO® 

Crednerito, Cu*mn®MnO® J 

Pyrochroito, H®mnO* a?(ll®0) 


Laspeyres (iftirf. 216) has also discussed tno constitution o^ aluminiferous manganese 
ores, basing his calculations on an exact analysis of psilomelane with hsematitic struc 

* The discussion respecting tlie composition of mesoxalic acid is exactly analogous to that which 
has taken place respecting glyoxylic acid, C*II’0" or C^TT^O* (p. 891). 
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ture from E^altebson near Eisonfeld. This mineral occurs on lepidocrocito, limonite, 
or quartz, especially on the former, with which it is very intimately interstratified : 

SiO* CuO CoO CaO BaO MgO APO* Fe*0» MnO 

0*366 1*160 0*467 0096 0*198 0*197 6*322 3*769 67*870 


K»0 Na»0 Li"0 O H»0 Sp. gr. 

0*384 0*389 0*210 13*662 6*420 = 101*499 4*361 at 14®. 


Also traces of strontium, but no nickel or vanadium. ' 

The ferric oxide may bo deducted as lepidocrocito, also the silica. The alumina, 
on the other hand, must be regarded as an essential o/jnstituent of the mineral, inas- 
much as the quantity of silica present is not sufficient to justify the supposition of its 
existence in the form of admixed silicate, and, on the other hand, its solubility in 
dilute hydrochloric acid is inconsistent with its presence as corundum, diasporo, &c. 
Admitting that there is an excess in the estimation of the bases (from admixed 
silicate) and of the water (partly hygroscopic, as the mineral left in the exsiccator 
for sixteen days lost 0*358 per cent.), the analyses lead to the supposition that the 
mineral is a mangamito derived from the acid lI*®Mn®0", and intermediate between 
those of the type H^MnO* (psilomelano) and those of the type IPMnO* (brannite, &e.) 
Laspeyres proposes to designate it ns Calvonigrite. 

Among former analyses of aluminiferous manganese ores, only that by Winkler 
(vii. 766) of a lithuypJiorite from Schneoberg appears to belong to a definite manganate 
of the type H’®MnO”. 

A cupreous maupanese from Chile, occurring intergrown with chrysocolla, and 
possibly identical with Richter’s peloconite (iii. 814), has been analysed by Fronzel 
(Jahrh.f. Min. 1873, 801). Sp. gr. 2-95 at 20®. a. Analysis. 6. Composition after 
deduction of the residue. 


() CuO CoO MnO Fe»0> BaO CaO MgO H^O Residue 

а. 5*16 18*68 4*70 26*31 8*10 0*65 0*76 2*33 19*40 16*60 101*58 

б. 6 10 22*07 5*55 31*08 9*57 0*65 0*89 2*74 22 92 — = 101*58 

A considerable number of manganese ores from tlfe Arschitzaberg in the Rukowina, 
which have lately acquired great industrial importance, have been analysed by 
Morawski a. Stingl (/, jur. Chem^^\2\ xv. 228) .* 

1. Soft, friable, fissured, strongly staining bluish-black masses. 2. Rotryoi’dal, 
compact scaly masses having a strong lustre. 3. Stalactitic crust on a massive ore. 
4. Micro-botryoidal, with irregularly concho’idal, highly lustrous fracture. 6. Prin- 
cipal mass of the commercial ore, compact, massive, bluish-black. 6. Porous mass, 
made up of quartz-veins and a yellow earthy substance consisting of iron phosphate 
and manganese dioxide. 7. i:^haly masses, the layers of which alternate with the variety 
descrihwl under No. 4. 8. Transformation-product of No. 9. 9. Crystalline rose-rod 
siliceous manganese often coated with an amorphous black-brown product of transfor- 
mation (No. 8). 10-12. Silicates from Nos. 4, 5, and 7i obtained by decomposjing 

considerable quantities of these ores with hydrochloric acid : 



1 

2 

3 



6 

7 

8 

0. . . . 

15*75 

15*04 

14*75 

13*88 

13*39 

7'66 

1*50 

38*87 (*) 

MnO . 

75 07 

71*81 

73*98 

68*74 

66*41 

36*71 

7-16 

5*30 

Fe W . 

4*97 

6*31 

2*36 

2*671 

1023 

11*46 

6*22 

6*25 

CaO . 

1*05 

0*77 

1*26 

0*47 

0 74 

0-72 

0*73 

0*61 

MgO . ... 

trace 

trace 

0*13 

0*13 

0*16 

trjico 

0-23 

0*30 

Na*0 . 

0*58 

1*37 

1*79 

1*23 

1*32 

0*59 

153 

0-21 (=) 

IPO. . 

2*87 

2*93 

4*22 

3*00 

4*69 

4*34 

2*16 

7*15 

P*0» . 

0*96 

0*91 

0*95 

0*34 

0*87 

0*29 

0*38 

— 

SiO'*' (soluble) 

0*56 

0*56 

0*45 

0*68 

0*41 

0-74 1 

rrn.CiQ ) 

29*42 

Silicate . 


1*26 

0*29 

8*88 

1 ! 

1*63 

38-44 f 

/U 09 j- 

13*56 

Total . 

101*80 

100*96 

100*18 

100*02 1 

99*85 

100*94 

99*89 

100*67 

MnO* . 

85*65 

81*80 

80*20 

75*52 

72*81 

41*66 

8*18 

38*87 

MnO . 

5*17 

6*05 

8*53 

7*10 

6-99 

2*71 

0*47 

5*30 

1I»0 at 100°. .110® 

i-b2 

1*00 

2*22 

0*68 

.3*43 

2*01 

0*65 

undet. 

Sp gr , 

4-435 

' 4*471 

3*882 

.3*979 

, 4 027 

undet. 

2 661 

undet. 


(*) MnO*. 


(“) AlknUs. 
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SIO* 

MnO 

PeO 

CaO 

MgO 

Na»0 

P*0- 


Sp. (fr. 

9. 48-11 

43-17 

4-31 

3-00 

1-73 

0-13(0 

trace 

» 100-45 

3-624 

10. 85-40 

6-82 

6-67 

1-87 

0-75 

0-30 

— 

= 100-51 

— 

11. 86-93 

7-80 

3-16 

1-83 

0-29 

0-81 

— 

= 99-82 

— 

12. 99-15 

Oil 

1-02 

trace 

(*) 

trace 

Alkalis. 

— 

— 

= 100-28 

— 


In the following calculation of the numbers 1 to 5, the silicate, soluble silicic 
:icid, and phosphoric acid arc deducted, whilst the dioxide and monoxide of munganesot 
together with the ferric oxide, lime, magnesia, alkalis, and water are regained as 
essential constituents of the ores. Calculating in this way and reducing all the 
metal-atoms to bivalenco, the following proportions are obtained : 



(1) 

(2) 

(3) 

(4) 

(5) 


R" 

1 

1 

1 

1 

1 


0. 

. 1-79 

1-71 

1-68 

1-71 

1-60 


or: 






Mean 

R" 

. 3 

3 

3 

3 

3 

3 

0 . . 

. 5-37 

5-15 

6-05 

6-16 

4*80 

6-10 


The first series of numbers shows that those ores must be regarded as psilomelanes, 
a conclusion which agrees with their other constituents and with their properties ; and 
the second series shows that they may bo included in the formula IPMnO* laid down by 
Laspeyres (p. 1 2G 1 ), if thi s formula be generalised in the form Jl’O’’*, by writing R" = 11-. 
The silicates mixed with the samples 4 and /> consist, us shown by analyses 10 and 11 
compared with 9, of altered rhodonite (v. 106), which, as manganous carbonate is not 
found in the neighbourhood of those ores, may bo regarded as the original mineral 
from which the psilomelanes have been form^. The residue No. 12 from No. 7i 
consists essentially of quartz. 

lieactions, 1 . Precipitation as Dioxide . — ^From a solution of manganous chloride 
mixed with a certain amount of ferric chloride, the whole of the manganese may be 
precipitated as dioxide by a sufficient excess of solution of caveuvrn hypochlorite or 
/froniine-watevt the solution being heated to 140® -1^*0® F. (GO^-Tl'^ C.), an excess of 
calcium carbonate added, and the mixture well stirred. Without the ferric salt, the 
precipitation of the manganese as dioxide is incomplete. Zinc chloride may be 
substituted for ferric chloride, but neither aluminium chloride nor barium chloride 
has the same effect (J. Pattiiison, Chem. Soc. J. xxxv. 365). 

Manganese may also b(? precipitated as dioxide from acetic acid solution by hydro- 
gen dioxide. In applying this method to analytical purposes, the solution should be 
warm and carefully neutralised, if necessary, with ammonia. Iron if present must be 
previously removed by precipitation with sodium acet»ito (Rosenthal, Dingl. pol, J. 
ccxxv. 164). 

2. Manganous oxide, either precipitated or crystalline, and precipitated manganese 
dioxide, are converted by yellow ammonium sulphide into sulphides (Priwoznik, Deut. 
Chem. Ges. Der. 1873, 1291). 

3. By fusing any mariganose compound (free from iron) with silica and baryta ora 
mixture of soda and lime, a blue compound is obtained, the intensity of the colour of 
which depends on the quantity of mangaueso used, Imt it may be changed to green or 
violet by adding different quantities of alkali or silica. The blue compound, which 
appears to bo a silico-maiiganate of tho alkaline earths, is destroyed by reducing 
agents, by acids, and after some time by water, but resists a temperature of 1 100®. 
This reaction is proposed a.s a means of detecting traces of manganese in minerals 
(Gr. Bong, DuU. Soc. Chim. [2], xxix. 199). 

4. Detection in Plant-ashes . — According to G. Campani (Gaez. chim, ital. 1876), 
461) manganese occurs in plant-ashes chiefly in the form of p ho sphato. On treat- 
ing the ashes with water and then with nitric acid free from phosphoric acid, there 
remains after evaporation of tho latter solution, a residue which is amethyst or violet 
coloured according to the quantity of this metal present. This reaction will servo to 
detect 1 pt. of manganese in 1000 pis. of ash. 

Estimation. 1. By Electrolysis . — The manganese solution is placed in a platinum 
crucible, which serves as positive electrode, the negative being formed of a spiral of 
platinum wire. The manganese is deposited on the crucible in the form of dioxide. 
The accuracy of the result is not impaired by the presence of copper, cobalt, nickel, 
zinc, magnesium, aluminium, or of alkalis or alkaline earths, but iron-salts must be 
previously removed. By this method 0 0005 grm. of Mn*0* ciin be easily estimated 
and 0 000025 grm. detected by the rose coloration which it exhibits (A. Riche, Compt, 
tend. Ixxxv. 226 ; Chem. Soc. J. xxxiv. 750). 
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3. By •preci/pitatimi as Oscalaie. — The solution is mixed with a strong solution of 
potassium oxalate (1:6), and then with strong alcohol or acetic acid, whereupon the 
whole of the manganese is precipitated as manganous oxalate, mixed, however, with 
potassium oxalate, which imist ho removed by w'ashing. The best mode of proceeding 
is to add to the concentrated solution of the manganese salt, first potassium oxalate 
and then strong acetic acii.l, as long as a precipitate continues to fonOj^ The presence 
of hydrochloric acid, ammonium chloride, or potassium chloride, in considerable 
quantity, renders the results inexact (Classen, Zeitschr. mml. Chem. 1877, 316, 470). 

If the solution, after addition of the potassium oxalate, be rendered ammoniacal 
and then mixed witli ammonium sulphide, the precipitated manganous oxalate ivill be 
converted into anhydrous manganous sulphide. The presence of ammonium chloride 
does not iriterforo with the reaction (Classen, ibid. 319). 

3. The following volumetric method, founded on the precipitation of manganese as 
dioxide in presence of ferric chloride (p.. 1263), Is recommended by J. Pattinson {Chem, 
Ajc. (7. XXXV. 308). The reagents employed are: (1). The clear liquid obtained by 
docantiition from a 1*5 per cent, solution of bleaching powder; (2) light granular 
calcium carbonate obtained by precipitating an excess of calcium chloride witli sodium 
carbonate at 180° F. ; (3) a 1 per cent, solution of ferrous sulphate in dilute (1 in 4) 
sulphuric acid ; (4) a standard solution of potassium dichromate equivalent to 1 part 
of iron in 100 of solution. The application of the process to rnanganiferous iron ores 
is as follows : 10 grains of the ore, dried at 212° F., are ilissolved in a 20-oz. beaker 
in about 100 fluid grains of hydrochloiic acid (sp. gr. 1*18). Calcium carbonate is then 
added until the free acid is neutralised and the liquid turns slightly reddish. 0 or 7 
drops of hydrochloric acid are now added, and 1000 grains r)f the bleac^Jiing-powder solu* 
tion, or 500 grains of saturated bromine-water, and boiling water is run in until the 
temperature is raised to 140° to 160° F. ; 25 grains of calcium carbonate are added, 
and the whole is well stirred. If the supermilant solution has a pink colour, the per- 
manganate is reduced by a few drops of alcohol. The precipitated oxides of iron and 
manganese are filtered off and washed ; 1000 grains of the acidified ferrous sulphate 
solution are carefully motisurcd into the 20- oz. beaker already used ; and the filter with 
its washed contents is added. A certain quantity of the ferrous sulphate is oxidised 
by the MnO*; this quantity is tistimated with the standard dichromate solution, and 
the quantity of MnO'** can then easily bo calculated. The iron present must be at least 
equal in weight to the manganese during the precipitation, in order to ensure the 
absence of lower oxides. The method is applicable to the analysis of spiegeleisen, 
ferro-manganese steel, and manguneso slags. 

For other volumetric methods, see Morrell (Amer. Chem. vi. 45) ; Morawski a. 
Stingl (*7. Chem, [2], xviii. 96; Chem. Soc. J. xxxvi. 277); Kessler {Z&itschr. 
anal. Chem, 1879, 1 ; Cliem. Soc, J. xxxvi. 342); and for the estimation of manganese 
in Iron and Steel, see pp. 1103 and 1104 of this volume. 

Alloys. Terreil {Hull. Soc. Chim, [2], xxi. 289) has obtained alloys of manganese 
by the action of certain metals on anhydrous manganous chloride (prepared by igniting 
the w ell-dried hydrated chloride in a stream of hydrochloric acid gas). The aluminium 
alloy Mn*Al scratches glass, and has a fracture like that of amalgainated zinc. The 
rmgnesium alloy is less hard. The action of zinc on manganous chloride is attended 
with explosion. 

Manganese-bronze . — An alloy thus iliimcd, and said to be a compound or mixture 
of onlinary bronze with manganese, is manufactured by the White Brass Company 
in Southwark. Its fracture resembles that of fine-grained steel; it is capjiblo of 
acquiring considerable hardness, and in colour and lustre it resembles good gun-metal. 
At a red heat, it can be forged, rolled, and drawn into wire and tubes. Experiments 
on the tenacity of several bars of this metal gave for the cast material an absolute 
tenacity and extensibility equal to that of bar-iron of medium quality, while its limit 
of elasticity w^as higher, b'orged samples excelled the best bar-iron in tenacity and 
extensibility, and were in these respects equal to soft steel {Dingl. poL J. ccxxi. 334). 

Alloys of Manganese and /ro«. -.-Numerous analyses of spiegeleisen (with less than 
26 per cent. Mn) and ferromanganese (with more than 26 per cent. Mn) are given 
under Iron (pp. 1 1 09-1 111). 

Rosenthal (Dingl. pol. J. ccxxiv. 654) has analysed two specimens of English 
rnanganiferous iron prepared by a new process, with the following results ; 

Fe Mn SI 0 S P 

I. 58*54 ‘30 14 9-775 1*739 — 0051 

II. 60*10 2889 8*812 2*131 0*009 0*048 

On fusing the first of these alloys in the cupola-furnace, nearly all the silicon and half 
the manganese were eliminated, and the proportion of carbon was increased by 5 per 
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exhibited the ordinary 

of Hcchitza, in Austria, 
produces from 1400 kg. of manganese ore only 50 kg. ferromanganese containing 36 
per cent, manganese, so that of the manganese introduced into the furnace-charge 
only 4*5 per cent, is obtained in the metallic state. According to Blake {ibid. 64), 
the coral iiiiation of the manganese with the iron is facilitated by a large addition of 
linu'stoiic (43 p^r cent, limestone to 67 per cent, manganese ore), whereby a slag is 
produced containing 26 per cent, manganous oxide and 33'5 per cent. lime. Ward, 
on the other hand, obtained in a charcoal hlast-furriaco 10’5 meters high, and having 
SI tuyere 70 mm. wide, a ferromanganese containing G7’2 per cent, manganese, so that 
.')8-l per cent, of the mangsin esc employed was obtained in the metallic state. The 
fuel used was a mixture of 1 pt. coke and 3 }its. charcoal, and the pressure of the 
blast was 0*28 on 1 c.c. 

With regard to the use of manganese in iron metallurgy, Gautier is of opinion that 
the in.ingsinc.se acta as a reducing agent, removing iron oxide from the motallic iron, 
and preventing it from becoming ‘hot short.’ I lenderson’s process (vii. 699) yields a 
insiiiganese-iron containing 26 to 76 por cent, of msmgsinoso. The amount of man- 
gsineso rotiuirod for reduction is u.sually 1 per cent., if added as manganese iron. 
The resulting iron is (sxtrcmely soft ; its coefficient of elasticity is 22 to 26 kiIo.s. ; its 
resistance to strain, 46 kilos. ; and its expansion, for 200 mm., 20 to 26 kilos. 
It does not become hard by tempering. The product of the resistance to strain 
multiplied by cud-expansion is nearly 7 times that of ordinary iron, and more than 
twice that of hard steel. This iron is used in jilating ships. Addition of l.J per cent, 
of mangaiieso to inferior iron counteracts the influence of pluKsphorus. Addition of 
1 per (!eut. of manganese to cast steel gives it great resisting power {Chem. Cevtralhl. 
1877, 204h 

See also 'rroo.«t a. TTaiitefeuillo (p 1111). 

Boride. A compound of manganese and boron in oquivalenl. proportions (Mii^B'-*) 
is obtained by heating boric oxide with manganese carbide, ]\ln“0. It forms small 
grey-violet cry.slals, w’hich dissolve in acids, with evolution of liydrogcn, and are but 
slowly attacked by gaseous hydrogen chloride at a low .ed heat. Itdcconiposes water 
at 100®, alkaline liquids at a lower temperature. IVIoist mercuric chloride decomposes 
it in a few minutes, forming in.-ingunous chloride, boric oxide, and hydrochloric acid. 
It is also decomposed liy moist mercuric cyanide (Troost a. Uautefeuille, Compt. rend. 
Ixxxi. 1263). 

Cblorldes. Nickles in 1864, by passing gaseous hydrogen chloride into a well- 
cooled mixture of manganese dioxide with ethyl oxide, obtained a green, very 
unstable liquid to which he assign(;d the compo-sition MnCB.12(C''^li^)‘0.2H'‘'0 (vi. 804), 
and, according to W. AV. Fisher {Chem. ^c. J. xxxiii. 400), the tetrachloride of 
manganese contained in this compound is also produced wdion cither of the higher 
oxides of manganese, Mn'-O’, or MnO*, is dis.solved in strong hydrochloric acid. 

The brown liquids thereby ffirmed decompose spontaneously at ordinary temperjitures, 
with evolution of chlorine and formation of manganous chloride, MnCl-, and e;ieli of 
thorn, when diluted with water, yields a preciiutato of hydrated manganese dioxide. 
The analysis of the precipitate thus formed, combined with estimations by the iodo- 
mctric method of the quantity of loosely 001111)11114 chlorine {i.e. chlorine in excess of 
that required to form MnCl"'*), led to the conclusion that the ratio of the manganese 
precipitated from the solution by water to the loosely combined chlorine is 1 : 2, and 
consequently that the formula of the higher chloride is MnCl^ 

Pickering, on the other hand {Chem. Sue. J. xxxv. 661), infers from experiments 
made in a similar manner: 

1. That when a solution of manganese dioxide in strong hydrochloric acid is diluted 
with water, a mixture of oxide is precipitated, which is not of dotiiiito coinpo.sition, 
and that it may generally be represented by formulae intermediate between 
l6MnO '.6MnO and 36Mn02.5Mn0. 

2. That the manganese contained in this precipitate as dioxide hoars to the loosely 
combined chlorine of the higher chloride from which it is precipitated the ratio of 
1 I 2 atoms, and consequently that the total manganese precipitated bears to this 
chlorine the ratio of about 1 : 1'64 atoms. 

3. That when the dioxide is dissolved in weaker acids, the amount of the higher 
chloride formed is not appreciably diminished. 

4. That an increase in the actual amount of the aqueous acid employed for tho 
solution is prejudicial to the stability of the higher chloride forTn(*d, 

Voi. VIU; 4 N 


cent. The mass, which was at first white and brittle, then 
properties of spiegeleiscn. 

According to P. Ward {ibid, ccxxvi. 53Y the blast-fnrnace 
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5. That the higher chloride formed in this reaction is and not MnCl\ 

the solution of the dioxide and sosquioxide by hydrochloric acid, and the subsequent 
decomposition of the sesqui chloride formed, being represented by the following 
equations : 

I. Mn*0» + 6HC1 = Mn*Cl* + 31PO, 

II. 2Mn02 + sHCl = Mn^Cl* i- Cl« + 4H*0, 

jal MiiW + 21I*'0 = MnO- + MiiGl* + 4HC1J, 

■^^^•///[Mn-Cl*' + 311*0 = MnW + OlICl], 

the reactions thereby represented taking place simultaneously, but in various propor- 
tions, and the average values for x and y beitig about 4 and 1 respectively. 

Oxides. Manganous Oxide^ MnO, occurs native in a manganiferous dolomite 
at Langbanshyttan, Wermland, in small shining irregular lumps, green by reflected, 
red by transmitted light ; they contain 98 per cent. MnO, the remainder being con- 
verted into manganite (Blomstrand, DeuL Chem. Ges. Ber. viii. 120). 

Manganic Hydroxide occurs mixed with franklinito in pseudomorphs after 
calcite (locality not stated) : 

H*0 Mn»0» Fe«0>(*) ZnO CaO MgO K*0, Na“0 CO* SiO* 

11-293 58-387 14-627 6285 4*739 1-253 traces 3-488 0 170 = 99*242. 

(‘) Other dctermiuatlona gave 12-777 and per cent. 

Dioxide^ MnO*. — This oxide in the anhydrous state is usually regarded as an 
indiflerent oxide. Fr6my, however {Compt, rend. Ixxxii. 1231), from an examination 
of its behaviour with acids and bases, infers that it behaves sometimes like a SJilino 
oxide, sometimes as an acid, sometimes as a base. Its resemblance to a saline oxide 
is seen in its reaction with molting potash, by which it is converted into potassium 
manganate and manganous hydroxide : 

'• 2MnO* + 2KOH - MnO'K* + MnU*0*. 

This formation of potassium manganate, without addition of oxygen from without or 
evolution of hydrogen, is cha-ractoristic of tho dioxiilo, and serves to distinguisli it 
from the other oxides of manganese, which yield manganates only under the influence 
of oxidising agents. The acid character of tho dioxide is shown by its uniting -with 
bases, forming compounds like those obtained l»y Wehh)n, viz. CaMnO® or CaO.MnO*, 
and Call‘.2MnO* or CaO. 11*0. 2 MnO* {Jahresh. /. Chem. 1874, 1098). Its bask 
character has been especially studied by Fr4my, who has succeeded, though with 
difficulty, in converting it into a sulphate^ MnO"’.2SO*, by acting on its hydrato w-itli 
strong sulphuric acid. A better mode of preparing this salt consists in decomposing 
potassium permanganate with a considerable excess of sulphuric acid. 100 grams of 
permanganate are treated with a cold mixture of 600 grams of sulphuric acid and 
150 grams of water, whcreuixm an oily layer of porm.-inganic acid separates, which 
gradually decomposing, forms, at tho end of a few days, a deep yellow liquid from 
which crystals can be obtained. 

This salt, which Fr^my at first regarded as a sulphate of tho sosquioxide, is 
deliquescent, soluble in sulphuric acid, and decomposed by w-a ter, forming at tho same 
time a hydrate of the dioxide, M!iO-'.21I*(). Tho liquor resulting from this decom- 
position contains no manganese. The yellow solution, exposed to the air or saturated 
with potassium sulpliate, deposits a black ba.sic* sulphate, MnO*.SO*, which when 
redissolved in sulphuric acid repnxluces the yellow sulphate. Certain sjilts, such as 
manganous sulphate, potassium sulphate, &c., combine with tho yellow sulphate, 
forming well-crystallised double salts. Tho .salt MnO'-.Mii().(SO*)* + 9ll‘*0 sopuratcs 
in hexagonal plates on adding a strong solution of manganous sulphate to a solution 
of the salt Mn()*.2S()“ in a large exce.«<s of sulphuric acid. It dissolves in dilute 
sulphuric acid, forming a rose-coloured solution. The same compound is formed 
by tho action of strong sulphuric acid on manganese dioxide, as shown by tho red 
colour of tho resulting solution ; also by tho caur.ioiis addition of reducing agents, siu-li 
as alcohol, to the solution of the yellow sulphate. Tho double salt might of course be 
regarded as containing manganese sesquioxide ; but the existence of a corresponding 
potassium salt, and tho fact that when dccumpo.sod by an alkali it gives a precipitate 
from which ammonia dissolves manganous oxide, leaving a residue of dioxide, are 
sufficient to show that the manganese exists in the salt in two different states of 
oxidation. Manganese sesquioxide is not broken up by tho action of ammonia. 

Regeneration. — A description of Weldon’s process for the recovery of the dioxide 
from the residue of the chlorine manufacture is given in Dingl. pol. J, ccxxix. 51 ; 
Chem, Soc. J, xxxiv. 938). 
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Oil the precipitation of Manganese as Dioxide, see pp. 1266, 1266. 

Abliick rfwa:«Vfe, 3Mn0*.2H‘^0, which appears to have been previously 

obsen’ed by Berthier and Dingier, separates on gradually adding water to a mixture 
of potassium permanganate with strong sulphuric acid (Rammolsberg, Deut. Chun. 
Qes. Ber. viii. 232). 

— The preparation of barium manganato of fine green colour for 
use as a pigment is described by Bdttger {N. Rep. Vharm. xxv. 115). See Bauyta- 
OBEKN, p. 151 of this Supplement. 

Permang anaie of Potassium. — According to Briicke {Zeitschr. anal. Chem. 
1877, 231), the .ibsorption-spoctrum of this salt in dilute solutions exhibits five dis- 
tinct bands, the first near D, the last near F, and the middle ones between E and h. 

Potassium permanganate, when heated to redness, gives olf oxygen and is converted 
into a salt having the compo.sition K'-^Mn-'O*: 

2KMnO^ = K*Mn*Os + 0*. 

This compound is a brown-black powder, which is resolved by water into free potash 
and an acid salt : 

5K2Mn20* + 31120 = 2K2Mn»0‘' + 6KH0 
(Bammelsberg, loc. cit.) 

On the use of Potassium Permanganate as a disinfectant, see Schroter {Dingl. 
pol. fJ. cexix. 376; Jahresh. f. Chem. 1876, 1128). 

On Manganese Phosphates, see Phosi*hatbs. 

Silicate. Rhodonite from a vein of crystalline limestone cat Belec near Husinec 
in the Bohemian Forest is described by ITelrnhaeker {Min. Mitth. 1873, 278). 

On Riistamile, from Rezbaiiyain Uungary, see p. 354 of this volume; on Jeffersoniie 
from Franklin, New .lersey, see vii. 709. 

Sulphide. Anhydrous manganous sulphide, MnS, may be prepared by boiling a 
solution of a manganous salt witl' potassium oxalate, then adding ammonia and 
ammonium sulphide. The presence of sal-ammoniac does not i.il(;rfere with the 
r(5uctiou {Zeitschr. anal. Chem. 1877, 319). 

MAXTGAXI'ESE-GARlirfiT. This mineral occurs, together with ottrelito, at 
Salin-OliAtejiu, near Ottroz in Belgium, in dodecahedrons oo 0, a millimeter in size, 
containing, together with manganese and aluminium, only 4*49 per cent. FeO, and 
1-9 per cent. Fe'^O* (L. do Koniuck, Jahrh.f. Min. 1873, 163, 319). 

MANGAKTESE-TAXTAEITE. See Tantalatks. 

MAimrZTOE,^ C'*JI“0“. Mannite. — ^According to Miiutz {Com2it. rend. Ixxvi. 
649; Ixxxii. 210), this substcance occurs, together with glucose and trehalose, in the 
higher kinds of fungi; .‘<ome species, as wizf scamps, contain only trehalose ; 

in others, again, as Agaricus campstrU, mannitol is the only kind of sugar present. 
Mannitol is also found in the alcoholic extract of the siigar-caiie, and appears to bo 
forinod in the plant, together with a re<lucing, optically inactive sugar, by the action 
of vegcta])le orgc-nisms on cane-sugar. 

Oil the relations of Mannitol to Polarised Light, see Light (pp. 1216, 1221). 

On the Schizomycelin Fermentation of Mannitol, see FjiitMENTATiojT (p. 777). 

On the Heat of Formation of Nit romafinitol, see Hkat (p. 973). 

Mannltan, may be prepared by heating mannitol for an hour or two in 

an oil -bath to 295° with half its weight of water, tlic conversion being complete ; also 
by heating mannitol to 120'’ with half its weight of strong sulphuric acid, saturating 
with barium carbonate, cxliausting with alcohol, and evaporating. Its production in 
this manner depends on simple dehydration, and not on the decomposition of previtinsly 
formed mannito-sulphonic acid. The decomposition of barium mannito-sulphouate by 
water is, indeed, never complete, a fact which may bo due to the occurrence of an 
isomeric compound. Maiiuitan, heated for a considerable time with dilute sulphuric 
acid or baryU-water, does not yield any perceptible quantity of mannitol. The 
specific rotatory power of mannitan for the transition- tint is [o]j = -I- 36-5°. 

Nitromannitan, C®H‘'(N0“)0^, is obtained by adding 1 pt. mannitan to a mixture of 
10 pts. sulphuric acid (of 60° Bm.) and 4j pts. nitric acid (sp. gr. I d), leaving the 
mixture at rest, and keeping it cool ; then throwing it into a large quantity of w'ater, 
dissolving the deposit in ether, and leaving the ether to evaporate. In ether-alcoholic 
solution it exhibits a rotatory power [o]j = + 53*26°. By boiling alkalis it is converted 
into a blackish, gummy, non-explosive mass; by ammonium sulphydrate into mannitau 
(Vignon, Ann. Chim. Phys. [5], ii. 433). 

* The termination *ol’ Is now applied to all compounds of alcoholic character (sex! Nomtsnct.aturh), 

4 N 2 
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f!«TTt20» is produced by heating mannitol ^ith water for throe hours 
to 180®, whereby there is obtained, together with brownish products of decomposition, 
a viscid mass which may be easily separated from undecomposed mannitol by solution 
in alcohol. By purifying this solution with animal charcoal, evaporating, drying the 
remaining liquid at 120®, and leaving the resulting syrup to itself, small crystals are 
obtained, which must from time to time bo separated from the soluble mother-liquor 
by means of .alcohol, and finally purified by dissolving them in water,* decolorising the 
solution with aiiiinnl charcoal, and evaporating to the crystallising point. Mannitone 
does not reduce copper-solution ; it has a sweet taste, and a rotatory power [a]j= —26®. 
By heating to 295® it is converted into mannitan. 

The syrupy mother-liquor, which no longer deposits crystals, yields, by repeated 
solution in alcohol, filtration through animal charcoal, evaporation, and finally heating 
to 120®, a light brownish viscid mass which does not yield either mannitol or mannitan 
when boiled w'ith sulphuric acid or baryta- water. It forms a sul phonic acid wdioso 
barium salt is easily soluble ; with nitric acid, a product resembling nitromannitan ; 
and when heated to 295® is converted into mannitan. It tastes hitter-sweet, does 
not exert a reducing action, is not fermentable, is Imvogyrate ; [o]j — 5*59. It has 
the composition -2C“I1‘^0® — H-O, and is, therefore, the ether of mannitol 

(Vignon, Ictc. cU.) 

Mannltlc Ethers contaiDlng Acid Radicles. It has already been mentioned 
(p. 1223) that the several maiiiiitic ethers prepared from glucose and from invert- 
sugar have the same rotatory powers as the corresponding derivatives of mannitol 
from the ash-troe. The liexaccto-derivative of glucose- mannitol has, moreover, the 
same crystalline form as the corresponding ether of ash-mannitol., being orthorhombic, 
with a prismatic angle of 75® 40', while that of the ash-mannitol ether is 73® 45' ; the 
angle between the dome-faces (012) is 78° 40' in the former, 78‘’ 30' in the latter; 
and the angle between prism and dome is 112° 2' in the former, 112® 10' in the latter. 
The mannitol obtained from the i3-gIucose of milk-sugar appears also to be identical 
with that from the ash (Bouchardat, Cam pi. rend. Ixxxiv. 34). 

MAROAJ102^ZC ACID, syn. with KLiBOMAUGAiiic Actn (p. 706). 

MARBKATXTS, Zn*Fefl'. is found in quartz in the iron mines of Rio and Tarro 
della ^Marina, Elba, crystallised in cubes in combination -with the tetrahedron, the 
cubic faces being rough, and the tetrahedral faces smooth. The exterior of the crystals 
has a dull brown to black colour, whilst the intcjrior is reddish-browm with a metallic 
lustro. Streak reddish. Hardness = 4. Sp. gr. = 3 92 (G. Eoster, Jahrh. f. Min. 
1877, 531). 

MATECERZe ACZD. An acid obtained from the wax of the Yerba Mat6 
(Ilex paraguayemis). When the solution obtained bv exhausting the leaves of this 
plant with oth<*-r, or bettor with ether-alcohol, is treated with lime, then filtered and 
evaporated, a waxy residue is left, which may bo freed from chlorophyll by treating 
its ethereal solution with animal charcoal. Tliis solution, agitated with water to 
remove caffeine and other substances, and evaporated, leaves the pure waxy matter, 
W'hich, when boiled with aqueous potash, partly dis.'^olvcs, leaving a resulue soluble in 
ether, much more butyraceous than the original substance, and separable by treatment 
with alcohol into an insoluble yellow tKinsparent substance, and a soluble portion 
W'hich is white and melts at 55®. On neutralising with hydrochlorio acid the alkaline 
solution obtained by saponification of the wax, matoceric acid is obtained as a 
white precipitate which has acid properties, and is soluble in ether and in boiling 
alcohol. It ijielts at 105®-! 10®, and has a density of 0-8151 at 26®. From the 
results of its analysis, it d(jes not appear to belong to the acetic series, but its molecular 
weight is very high (Arata, Gazz. cfiim. ital, 1877, 366). 

MATZeO-STEAROPTERE. This substance separates from the volatile oil 
of matico when cooled to a few degrees below 0°, in crystals 2 cm. long and 5 mm. 
thick, belonging to the trapezo-tetartohcdral division of the hexagonal system, and 
having the axial ratio a : c^l ; 0*31605. It melts at 103°. The crystals exhibit a 
weak negative double refraction. Indices of refraction : 

for the Lithium lino : extraordinary ray = 1 *6404, ordinary ray = 1*5415 
„ Sodium „ „ = 1*5436 „ = 1*5447 

„ Thallium „ „ ^ 1*5476 „ = 1*6488 

Bespecting the optical, rotatory power, see p. 1218. 

EKAZZTE. To decide the question as to the identity or non-identity of this 
mineral from Sardinia with the Scotch leadhillite (p. 1171)» Laspeyres (c7. p. Chem. 
[2], xiii. 370 ; xv. 317) has made fresh analyses of both these minerals. The result 
of these analyses is to establish for Iciidhillite (A) and maxite (B) the same 
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chemical composition, represented by the formula H’®Pb*"C"S*0^«, or 6PbSO<, 9PbCO*, 
4PbO, 6H*0, so that the name timxite may be abandoned, but at the same the received 
formula for leadhillite (vii. 732) must bo considerably altered. The whole of the 
water is given off at once between 250® and 290® : 



IPO 

CO* 

SO* 

PbO 


A (found) . 

. 1-818 

7*981 

8-424 

81-777 = 100 


B (found) . 

. 1-866 

8-032 

8-123 

81-979 = 100 


C (calc.) . 

. 1-838 

8-083 

8-171 

81-908 100 

% 


Laspeyres {Zeitschr. f. Kryst. i. 194) has further established, by exact measurements, 
the crystallographic identity of tlie Scotch and Sardinian minerals, but refers them, 
not to the rhombic system, as D(«5cloizeaux does, but to the monoclinic system, with 
the following fundamental angles and ratios : 

Angle iSoo : 00 00 = 42® 4' 20" ; oo : ~ P - 69® 15' 27" ; 

-P: ooPoo = 36® t 54" 
a \ b \ c 

1‘71G4 : I : 2'21645 

or 1 : 0-67220 : 1*26708 

The following faces were observed, and, for the sake of comparison with former state- 
ments, are given both as rliombic and as monocliiiic forms : 

rhomb. ; oo ? oo, oo Poo (new), oo oo P2 (new), i Poo , oo, OP 
monoeb; ooPoo, oopco (new), ooP, ooP2 (new), J^oo, f'Poo, OP. 
rhomb.: P, *P, JPJ- («<^w), Pvt (new), P2, N, Jpoo (now) 

mouocl.: -P, +JP, +JPJ-(new), +Pt(now), ±P2, i:P4, -|Pc» (now). 

The results of the optical investigation are as follows : Plano of optic axes normal to 
the plane of symmetry ; the first (negative) median line is in the plane of symmetry 
in the obtuse axial angle, and forms with the vortical axis an angle of 0® 12' 22 . 
Dispersion of the axes rather large \v>p\ a horizontal dispersion of the median lines 
was cither non-existent or but voiy indistinctly observed (comp, lliuze, p. 1171), 

MfiCOlsrzc iiCZXIf OITO. This acid is found in small quantity, together with 
morphine and narcotino, in officinal i^oppy-heads ((>. Kranso, Arck Vharm. [3], v. 
607). 

The crystalline form of meconic acid is very mucli like that of a-pimelicacid (g.v.), 
both crystallising in transparent plates belonging to the orthorhombic svstem, and 
produced by ].irodominant development of OP. The crystals of mcconic acid exhibit 
also the faces P oo, P co, and oo P : those of piinelic acid the faces oo f oo and oo P oo. 
Pimelic .acid is easily distinguished from meconic acid by the absence of the domes 
(C. A. Purgbardt, Chcni. Hoc. J. [2j, xii. 937). 

Mcconic acid, treated with phosphorus oaycblorido, gives off carbon dioxide, and 
forms a derivative of comenic acid not yet investigated (II. Sell iff, Afe/nVa Annalen, 
clxxii. 359). 

The blood-rcd colour which meconic acid produces with ferric salts is much 
weakened by oxalic acid, ordinary phosphoric acid, and still more by metaphosphoric 
acid— a point wliich may be of importance in clicmico-logal investigations (A. DuprA, 
Ckein. Nctvs, xxxii. 15). 

MBCOZrzxz. See NAUcoTHfu-nuRivATiVES. 

M&BUXiZiOSB. Sec Parenchyma. 

A fibrous meerschaum (sepiolite) occurring in a silver mine of 
Utah, in veins 5 cm. thick, partly white, partly bluish-green, has been an.'dysed by A. 
Chester {Sill. Am. J. [3], xiii. 296), who assigns to it the formula Mg^Si’0« + 2lP0 
or 2Mg0.3Si0*.2H20. 


1. Mean of four analyses of the white variety. 2. Blnc-green variety : 


1. 

SiO* 

APO’ 

Fc*0* 

»rn*0* 

CuO 

atffO 

H*0 (•) 

H»0 O 

62-97 

0-86 

9-70 

3-M 

0-87 

22-60 

9-00 

8-80 

2. 

60-16 

2-06 

1-02 

2-09 

6-82 (=») 

18-29 

9-30 

10-32 


C) At 100®. (•) A small quantity nt 200®, tlic rest at a strong red beat. (*) 'I’his large amount 
01 copper is probably the cause of the blue coloration. 

MBOABRBZZA. The root of Megarrhiza calif omica contains an organic acid, 
roegarrhizic acid, a crystallisablo resin, megarrhizitin, and a glucoside. 
mogarrhizin, which maybe split up by acids or by baryta-water into sugar and 
megarrhizioretin. Tho ash of the root contains magnesia, lime, iron oxide, potash, 
soda, chlorine, sulphuric, phosphoric, and silicic acid (J. P. Heaney, Pharm. J. Tram. 
[3], vii. 393). 



1270 


MEJONITE— MELAMINE. 


MB 70 iriT 8 . G. Tom Hath Ann. Erganzbd. vi. 381) describes, as 

analogous to the leucites which are encrusted with saniditi, a crystal of mejoiiite 5 cm. 
long and 2 cm. thick, imbedded in a block ejected from Vesuvius, the surface of w’hich 
appears rouglieiied and rounded by a mixture of sanidin and sodalite. 

A carefully selected .specimen of luejonit^? (sp. gr. 2 7 16 at 16°) from Vesuvius, 
analysed by li N^ewman (Jahrh. f. Min. 1875, 747; 1877, 942), yielded the follow- 
ing numbers : 

SiO* A1“0» CaO M«:() Na“0 K*0 n“0 Cl CO’* 

13-36 32-09 21-45 0-31 1-36 0-76 0-27 0 14 072 - 100-45. 

Regarding the w-ater, chlorine, and carbon dioxide as unessential, this analysis may 
be represented by the formula Na'-'O, 14CaO, llAl'-^O*, 2CSiO“, 211*0, which may, per- 
haps, aLso be written in the form 2(7Ca(),5APO^10SiO2) + (Na2(),kl-’0=’,6Si0-V2il-()). 

MBlbAlMI. Volhard (J. pr. Chem. [2], ix. 28) regard's Liebig’s melam (iii. 865) 
as probably a decomposition-product of guanidine thiocyanate, having the composition 
C‘‘N*ll^^CNS.CN=‘ll* — 1I‘S, that is to say, as a polymeric cyanamide, with which, in 
fact, the formula generally assigned to melam agrees very nearly. 

When the resitlue left after prolonged calcination of melam at a high temperature, 
till gas is no longer given off, is fused with potassium carbonate, it yields nearly pure 
potassium mcllo 11 id e, which may easily bo obtained quite pure by treatment with 
a small quantity of acetic acid. A solution of the same residue in hot strong pobish- 
or soda-ley immediately yiobbs very fine crystals of cyamohi ric acid (Volhard). 

When crude melam is dissolved in hot concentrated sulphuric acid, and alcohol is 
added to the solution, a snow-white chalky precipitate is formed, having the compf)si- 
tion (■'■’H ‘N'O", and identical with amm elide obtained from urea. The nitrate of 
this base cry.st.alliseH in scales, the hydrochloride in microscopic needles (S. Grabrici, 
Dent. Chrm. Gvs. Ikr. viii. 1165). 

Melam treated with strong sulphuric acid at ordinary temperatures yields mela- 
mine sulphate containing a quantity of melamine equal to 17 per cent, of the. melam ; 
ammeliiie is formec] at the same time; at higher* tomporatnros, the product consists 
of ammelido in nearly theoretical quantity, as found by (jtabriol (J. Jagt-r, Dent. Chem. 
Cies. Her. ix. 1554). * 

lIKSXiAlIKljrE or CYAXrURAlIKXDSp OWN®-- C»N-'»(NIl‘“)». The following 
methods of preparing this base are recommended by Clau.s a. llenn (Liehiys Annalmf 
clxxix. 120). A mixture of 25 grams inelarn, 100 grams potassium h.ydroxide. 
and 2.J litres of water, boiled together for tw-euty hours, yields nearly 50 per cent, of 
melamine; and a mixture of 35-36 per cent, melam, 100 KHO and 1 litre of w-ater 
boiled for six or soveii hours yields 35- 36 per cent, melamine. Mdaminc hydriodide 
crystallises in needles having a silky lustre (Claus a. Heiin). Melamine thiocyanate 
is formed, together with melam, when ammonium thiocyanate is quickly heated to 250°, 
and this temperature is kept up till the mass solidifies. It dissolves in water and in 
alcohol, crystallises in prisms, and sublimes M-hen cautiously heated. 

(NIP 

Benzoyl-melamine, C®NW(CM1®0) = (CN)®- NTT- , appears to bo 

(nTI(C’IPO) 

formed, legcther "with benzonitril, by the action of benzoyl chloride on cyanamide ; it 
is a white substance easily soluble in water, and in acetic, nitric, and hydrochloric 
acids (C. Gerlicb, J. yr. Chem, |2], xiii. 270). * 

A poly meric hcH!:oyl-vielaminey{ij^.yi\\.Cl\\:'OY, called by Gerlich tri benzoyl- 
melamine, is formed, together wdth benzoyl -cyanamide, cyanamide, benzonitril, and 
carbon dioxide, by the action of an ethereal solution of benzoyl chloride on sodium 
cyanamide suspended in efelKu-. The nmss must at first be kept cool, afterwvirds heated 
for several days on the water-bath, or bettor, for some hours in a sealed tube at 100°, 
and the ethereal solution finally separated from a yellow mass containing sodium 
chloride. The solution heated for eight hours to 150° in a sealed tube and then 
quickly cooled, deposits small round cry.stalline groups of benzoyl -cyan amide and a 
white amorphous substance. The ethereal solution saturated with hydrochloric acid 
yields a precipitate having the composition C®H"N®0Cr^. 

The yellow mass insoluble in ether contains sodium chloride and tribeiizoyl-mela- 
mino in the form of a yellow powder insoluble in water and in alcohol, soluble in 
phenol and in sulphuric acid, molting, with decomposition at 275°. When heated 
with water it takes up riio elements of the latter, and is resolvr*d into ammonia and 
benzoic acid. By distillation in a stream of hydrogen it is resolved into carbon dioxide, 
hydrogen cyanide, benzonitril, dibenzoyl-dicyanamidn (m. p. 112°; easily soluble in 
alcohol, leas easily in ether and in water), and pseud otriphenylmelamine. 

Tins la.‘<t compound, isomeric with JTofniaiin’s triphenylmelamino (p. 1271) doo.s 
not melt at 360°. It forms shining yellow prisms, which are most readily purified 



melamine— MKLANILINE. 1271 

liy dissolving them in phenol, and mixing the solution with alcohol (Gcrlich, 

Uw. cit.) 

Trlmethyl-melimine, G»IP(CH»)»N« = (CN)»N®H»(CH*)» (A. W. TTofmann, 
Drut Ch^m. Ges. Bcr. iii. 26 1). This base is prepared, similarly to triethyl-melamino 
(vi. 808, 1050), by dosulpluiration of methyl -thiocarbamide. the first product of this 
reaction being probably meth^l-cyanamide, N‘‘(CS)II>(CIP)-H-S=--: N(CN)H(CH»), 
which is then c^ n verted by polymerisation into trimethyl-cyanuramido or triinothyl- 
mehiinine. 

Trimethyl-melaraino crystjillises from water or alcohol in small colourless prisms 
having a strong alkaline reaction ; volatilises when heated, without previous fusion; 
and is decomposed^ by hydrochloric acid, with separation of ammonia. Its platino- 
chloride, C’*H*(011®/N“.2HCl.PtCl\ crystallises in laminaj sparingly soluble in water 
and in alcohol. 

Triamyl-melamine. C’n’(C"H")3x«, prepared in like manner, forms a strongly 
alkaline syrup, insoluble in water and in aqueous hydrochloric acid. Its plaimn- 
t7//o/vVj?r, G®lP(C’Il'')^N®.2rTOl.PtCl‘, forms a network of yellow crystals, solublo in 
Avatcr, slightly soluble in alcohol, and is dccomjiosed by boiling with hydrochloric 
ai‘id, with separation of ammonia. 

These trisubstituted melamines, as already observed, are not the direct products of 
the (lesiilphuration of thiocai'bamides. their formation bf*ing precedeil by that of 
substituted cyanamides : in fact, the direct product of the dcsulplmratioii of ethyl- 
thiocarl •amide docs not crystallise, has no alkaline reaction, and does not yield a 
crystallisablo plat«num-salt ; and it is only after repeated evaporation that complete 
pdyniorisation is effected. Moreover, Hofmanti has given direct proof i>f the correct- 
ness of this view, by converting cthyl-cyanamide, prepared by the action of gaseous 
cyanogen clilorido on ctliylamino (ii. 190), into trietliyl-melamino. He like-wiso explains 
the resolution of ethylcyanarnido by heat intA) diethylcyanamido and aerystjillinebase, 
C“ir*(C“H''‘)N‘ Qoo. cit.) hy a decomposition of triethylamino represented by the 
equation : 

C>I1*(C*H'‘)»N« = + C2]P(C-'H').V‘ 

Diethyl- Etiiylnli. 

cyanamiUe. cyariami(le(?) 

l>y brisk ebullition with hydrochloric acid, trietliyl-melamino is resolved into 
ammonia and triethylammelino : 

C»1I»(C*1P)^N« + H^O « NIP + C»H2(C-^IP)WO, 

hut by digestion for several hours with hydrochloric Jicid in scaled tubes it is converted 
into ammonia and methyl-cyanurate : 

G=‘HXC"1P)=‘N8 + Sir-'O = 3NH* -i- G»(G*U*')»N»0». 

Similar reactions take place in the phenyl scries. 

Trlphenyl-melamine, G='IP(G«1J'')N« (Hofmann, loc. cit.) Monophenylthiocar- 
baniide is converted by desulphuration iiitx) phcnyl-cyanamide or cyananilide, 
agreeing in properties with that which Gahour.s a. Gloez obtained by the action of 
gjisooiis cyanogen chloride on aniline (iv. 142). The product has at first the consis- 
tence of colophony, but may be crystalHsed by solution in alcohol and heating, or by 
leaving the alcoholic, solution at rest for some time at ordinary tiunperaturcs. It is 
very solublo in alcohol and ether, melts at 36°-37°, and when once fused takes a long 
time to solidify; it changes into tri phenyl-melamine, slowly at ordinary temperatures, 
quickly when fused at tluj heat of the water-bath. 

^ Triphenyl-melamine, when rjjcrystiillised from alcohol, forms pyramidal groups of 
prisms, melting at 162‘’-163°. It is insoluble in cold, very slightly solublo in boiling 
water, easily soluble in alcohol and other, especially when warm, and crystallises from 
the hot solution in capillary needles. plativ^ychloride, G*IP(G"fP)®N'*.2IlGl.Pt(’H, 
is a yellow precipitate wdiich crystallises well. The base is decom|;H)sed by boiling 
hydrochloric acid, with separation of ammonia ; and its alcoholic solution heated to 
boiling for a short time with hydrochloric acid, deposits on cooling crvstals of pheiiyl- 
cyanurate : - x 

G®iL»(GHP)>N« -f- 3H‘*0 = 3NH® + G*(G«H»)»N»0». 

This mineral, from Freiberg, was found by Frenzel 
\Jahrh. f. Min. 1874, 188) to contain 68*6^: per cent, silver, 15*76 antimony, and 
16*49 sulphur, agreeing W'ith the formula 5Ag’*S.Sb'-S’, which requires 68*36 Ag 
16 44 Sb, and 16*49 S. Sp. gr. =:6*28 at 18°. 

This compound crystallises in elongated monoclinic prisms 
exhibiting the faces coPx , cok’oo , —Poo, +i’oo, ooP. No distinct cleavage 
(Arzruni, Pogg. Ann. clii. 284). 
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MB&AiropHKOGZTfS. A mineral occurring on sulphur at Girgenti, in small 
light-brown cubes and cubic twins, closely intergrown witli a crust of quartz, and 
mixed with sulphur, calcito, and cojlostin. The cubes when heated turn green, blue, 
and finally black-blue : hence the name of the mineral. Sp. gr. = 2*03-2*04 ; after 
ignition, 1*90. An analysis made with a very small quantity of material gave ; 

SiO’ IVOS A1»0* SrO SO* H*0 

86-29 0*7 2-8 7*2 2*86 = 99*85 

Deducting the iron and strontia, the latter combined witli 1*3 per cent. SO* as coelestin, 
there remains, as essential constituents, only water, siilplinric acid, and silica. The 
mode of combination of the silicon and sulphur has not been made out (A. v. Lasaulx, 
Jahrh.f. Min. 1876, 250, 627). Further notices on this mineral have been published 
by V. Zephanovich {ihid. 627). A. Jlrczina Mitth. 1876, 243) calls attention to 
a Grecian mineral de.scribcd by A. Guyard (Bttll. 8oc. CMm, [2], xxii. 61) under the 
name of sulphnricin or .nlex mfphuricin^ which is impregnated with sulphur and free 
sulphuric acid, and was found to contain : 

SO* S H*0 SiO* CaO A1*0* FfrO* MffO 

6*80 4*10 6*10 80*38 1*25 0*43 8*67 0-37 = 100 

Assuming that in this analysis, in which there is an excess of 8 per cent., the 8*57 
Fe*0* should bo 0*67, the numbers will agree nearly with those in the analysis by 
T. Lasaulx. 

MBBAWOSZDSBZTS is the name given by J. P. Cooke (Jahrh.f. Min. 1875, 
651) to a black amorphous mineral from West Chester, Pennsylvania. The analysis 
by W. ir. Melville indicates a highly basic silicate having the composition 
4Fe“0*.Si()* + 611*0. It might be rogai'ded as an impure brown hamatite, were it not 
for the gelatinising reaction which it exhibits. Sp. gr. =3*390-3*392. 


Analysis 

SiO* 

7*42 

Ke’O’ A1“0» 

75*13 4-3 F 

IPO 

13*83 = 

100*72 

« 

Calculation 

7*42 

V ^ 1 

79*21 

13*37 =» 

100 


MBXiAPRYRE. A micro.*<copic examination of melaphyres has boon published 
by G. Jlaannanu {Zcitsch'. gcol. Gcs. xxv. 436; Jahri). f. Min. 1874, 313). The 
greater number of specimens exhibited, together with a vitreous ground-mass, plagio- 
clasc, less abundantly ortboclase, magnetic iron oxide, olivine (hitherto regarded as 
the most regular constituent of the melaphyres), augito (occurring less frequently 
than is commonly supposed), and apatite. Schillorspar, nephtdin, and quartz were found 
in individual specimens, hornblcudo never. Among the varieties of structure ex- 
hibited, special mention mu.st be mado of a very di.stinct micro-finct nation structure, 
inasmuch as it att'ords distinct evidence as to the genesis of the rock, pointing to its 
metamorphic formation from sedimentary material. 

C. Doelter (Jahrh.f. Min. 1876, 563) has examined the niineralogical constitution 
of the melaphyres and augitc-porphyrios of South Tyrol, which he divides 
into: 1. Angite-melaphyrcs (u. Augite-porphyry; b. Angite-inelaphyres poor in 
augito, and augite-horuhlcnde inelaphyre.s). 2. Hanihlrnck melaphf/res. 3. Mcla- 
phyres free froin augite and hornblende. The chief constituents of these melaphyres 
are plagioclase, orthocla.se, augito (sometimes replaced by iiralite), hornblende, and 
magnetic iron oxide; subordinate: olivine and apatite; as secondary products: 
epidote, calcite, delessite, chalcedony, and iron pyrites, as well as pseudomorphs after 
augite and olivirib. 

Metamelapliyref Metadiabase, and Metadolerlte. These terms arc applied 
by J. D. Dana (iSiW. Am. €/. [3], xi. 119) to the rocks which constitute the heights 
forming the western boundary of the plain of New Haven. They are metamorphic 
formations probably of old silurian ago, but petrographically very nearly allied to 
eruptive dolerite, diabase, and melaphyro. The term dolerite is in thi.s nomenclature 
rot restricted, as usual, to eruptive rocks of the tertiary age, but denotes a rock free 
from chlorite, in opposition to-tho cliloritic diabases. G. W. Hawes {ibid. 122) has 
supplemented Dana s memoir by a series of analyses in which the composition of these 
metamorphic rocks is compared with that of the corresponding formations of eruptive 
material, in order to show the petrographico-cheraical iilentity of the two classes. 

1. Metadolerite from Stoeckel’s farm; trystiillo-granular. The mineral constituents 
were found by calculation to consist of 65 per cent, augite, 41 labradorite, and 3 
titanic iron. 

2. Dolerite from West Rock, New Haven, an eruptive rock, added for comparison. 

3. Metadiabase from the cutting of the Derby railway ; light green, fine-grained 
variety, consisting, according to microscopical examination, of augite, chlorite, labra- 
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dorite, and titanic iron. From ttio absence of calcium carbonate it is inferred that the 
chlorite has been formed simultaneously with the other constituents, not at the 
expense of the augite. . « , 

4. MetadiabasB^ to the soutli of Maltby Parle ; porphyritic from the prcstMicc of 
felspar, otherwise fonned of the same constituents as the preceding. Whether 
anorthite likewise occurs cannot be decided, on account of the impurity of the felspar 
which was separated for analysis, bub its occurrence is not improbable. 

5. Diabase, eruptive, from Lake Saitonstall. 

6. Metamelaphyrc, from StoookeVs farm ; crypto-crystalline. Calculation gave, as 
the component mineral species, 44 per cent, augite, 53 oligoclaso, and 3 titanic iron. 



SiO* 

AP()» 

Fe^O" 

I'VO 

MnO 

CaO 

MgO 

Na='0 

K=0 

TiO* 

H=0 

1. 

50*36 

14 57 

2*48 

8*31 

0*46 

11*13 

7*62 

3*04 

0*44 

1*70 

0*78 

2. 

61*78 

14*20 

3*59 

8-25 

0*44 

10*79 

7-63 

2*14 

0*39 

— 

0-63 

3. 

48*20 

14*12 

2*00 

7*41 

1-24 

11*60 

8*19 

2*60 

0*23 

1*58 

2*20 

4. 

48*61 

17*81 

0*25 

8*46 

0*20 

11*16 

7*76 

2*77 

0*47 

1*35 

1*63 

5. 

40*28 

15*92 

1*91 

10*20 

0*37 

7*44 

5*99 

3*10 

0*72 

— 

3*90 

6. 

65*07 

14*18 

7*20 

i*92 

0*30 

9*03 

5*98 

4*11 

0*37 

1*56 

0*72 


In 1. traces of Cr ; in 2. 0'14 per cent. P”0* ; in 5. 1*14 CO*. Totals, 1. = 100 89 ; 

2. =99*89; 3. =99*27; 4. =100*47: 5. =100*27; 6. -100*44. Sp. gr. 1. =3*04; 
2. =3 03; 4. =3*01; 5. =2*86; G. -2*99. 

The rocks of New Hampshire have also been discussed in the same manner by 
(t. W. Hawes {SUL Am. J. [3], -xii. 129). 

1. Harnhlmde from the mehuliorifc of Horth Lisbon. The rocks may be regarded, 
according to their amount of silica, as Oligoclasc- and Lahnulor-mctadiorite, 

2. Metadiahase from Littld on. 

3. Metadiahase containing hornblende, together with augite and chlorite. Nos. 2 
and 3 exhibit structures whi<;h arc regarded by Hawes as oi*gauisms. 

4. Metadiahase slate from Hanover, analysed by Pease. 

6. Metadoleriic from Littleton, containing hornbbmdc, apparently formed from 
augite. 

6. Clay-slate from Woodrill ; wrinkled and exhibiting only traces of crystalline 
constituents: ‘ nevcTtholess it has a composition which would have afforded a good 
granite if circninslanccs had been favourable b) tbo formation «)f that rock.* 
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MnO 

C:U) 


K“() 


TiO** 

1I“0 

1. 

•I9*():; 

i;;*/2 


9*84 

0*40 

11*22 

11*06 


2*40 

— 

0*90 

0 

I.V50 

n.)*.j7 

0*36 

0*40 

0*20 

8*01 

19*34 

1*20 

2*55 

1*20 

3*93 

i 

18*79 

1(M)7 

1*69 

8*97 

0*20 

9 08 

608 

— 

3*30 

1*10 

2*65 

4. 

46*65 

10*26 

2*58 

0*73 

0*25 

9*07 

6*67 

0*09 

3*31 

0*52 

2*39 

5. 

40*25 

13*62 

5*46 

10*36 


10*31 

8*86 

0*50 

1*96 

6*53 

0*74 

6. 

60*49 

19 35 

0*48 

5*08 

— 

1*08 

2 89 

3*44 

2*55 

— 

3*66 

In 2 

P- 

o 

wH 

:r cent. 

CO-. 









Totals : 1. 

= 99*47; 2 

. =100*34; 

3. =100*63; 

4. = 

100*42; 

5. 

= 98*68 


6. =99*92. 

Sp. gr. 2. =2*9G; 3. =2*9G; 4. =3 03. 

Peculiarly formed coiiglonioratfs from South African Tne]a})li 3 Te.s are dc.scribed by 
E. Cohen {Jahrh.f. Mia. 1875, 113). One of these rocks from the JMalati luounlains 
exhibits conglomerates consisting of hciilaiidito (p. 1030), in peculiar ramillcations 
resembling certain precious corals. In the si cond rock, from IJackiianvo on the left 
bank of the Vaal, are imbedded tnbe.s moru than 10 cm. long, and having a maximum 
diameter of 1 cm., which grailually renew themselves, and are filled with chalcedony 
coated with delessite. The loose cylinders of chalcedony (so-(*allc<l ‘ pipe-stones ’), 
which are of frequent occurrence in the diamond-washings, are attributed by Cohen to 
conglomerates of this kind which have fallen out of the rock. 

MEXifiZZTOSE. See Sugars. 

MEEXEOT. The yellow melilot at fiowering time, yields 

by distillation with steam 0*2 per cent, of raelilotol, an acid oil, to which the odour 
of the flowering plant is due. This oil is slightly soluble in water, easily in alcohol 
and ether, and is easily converted into molilotic acid (T. L. Phipson, Chem. News, 
xxxii. 25). 

MEZiZirOPHikM’E. Crystals of this mineral have been measured by E. Ber- 
trand {Compt. rend. Ixxxiii. 711), who refers them to the quadratic system, indicating 
the faces P and Poo, whereas hitherto rhombic forms have been assumed with 
«P*91®. The faces hitherto regarded as produced by cleavage parallel to OP are, 
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according to Bortrand, not cleavage-faces at all, iusiapuch as the crystals exhibit no 
indication of cloHvability. 

MSUS8ZC ACZD, This acid and its salts have recently been in- 

vestigated by L. V. Picvorliiig(///>/jjys Amudm, clxxxiii. 314). The acid is prepared 
by heating niyricyl nlcohol, to 220°. with three times its weight of potjish-limo In 

a tube open s*»t one end, the process being oontiuuetl ns long as hydrogeif is given off, and 
the contents of the tube tinally treated with hydrochloric acid. The crpde melissic acid 
thereby sej){iratod is dissolved in alcohol and precipitated with load acetate ; the precipi- 
tate is M'aslied with hot alcohol ; and the melissic acid separated from it by digestion 
witli alcohol containing hydrochloric acid, is purified by rucrysfallisation from alcohol. 

Melissic acid thus prepared forms shining silhy .scales appearing under the micro- 
scope to be made up of slender needles, and melting at 88-/)°. It is slightly soluble in 
ether, easily in boiling alcohol. 

Lead melmute, is insoluble in alcohol and in ether, but dissolves in 

boiling cliloroform and toluene, and cry.stallise8 from the latter in yellowish needles. 

Silver meliasnle^ C^**n'’”()‘Ag, forms white masses which quickly turn brown when 
exposed to light, melt to a black mass between 94° and 96°, and behave towards 
solvents like the lead salt. The salt is a grt?en powder. The potassium salt 

dissolves in 20 parts water, and crystallises from alcohol in w'hite needles, from ether 
in scales. 

Efhi/l mrlissate, prepared from the silver salt with ethyl iodide, is 

a white waxy mass, molting at 73°. mclissate, may bo prepared 

by passing hydrogen chloride into a s^dution of the acid in amyl alcohol, and when 
purifiod by crystallisation from ether, forms white shining iieidles, melting at 69", 
resolidifying at 67°, soluble in alcohol, ether, henzene, and chloroform. 

MSZiZSSYXi AXiCOHOZi. Sec Myiucyl alcohol. 

MfiXiZTOSS. Sec SuGAHS. 

MSXiZiZTZC ACZ», C'2H«0'2 c= C«(CO()H«). Clans a. Poppe (7;^^. Ckem. Grs. 
Ihr. 1877, p. 569) fitid that pure mellitic acid maybe prepared fro?n very impure?, 
earthy, nearly black honeyston.., by evaporating the ammoniacal extract to dryness 
and heating the, residue for some hours to 120°-130°. The ammoniacal salts of the 
humus-acids are thereby decomposed and rendered insoluble, so that, on subscqueiiTly 
boiling the residue with water, a nearly colourless solution of mellitic acid is obtained. 

Acid mcllitatos arc obtained both by evaporating the solutions of the neutral salts, 
and by heating mellitic acid with metallic chlorides. With an ammoniacal magnesia- 
solution, moderately dilute solutions of mellitic acid yield a heavy crystalline procipi- 
taro of the salt (Nil’‘)'‘‘Mg'“C‘‘0'*+ 16II*0, which crystallises from hot wat^r in large 
prisms having a vitreous lustre. A ^nagnesinm-potassium salt, which likewise crystal- 
lises well, is obtained in a similar manner. Zinc’-ethyl Jicts on mellitic acid in the 
same manner as on oxalic acid. 

Mellitic Hexchloride. C''-0®C1*, is formed by the action of phosphorus penta- 
ehloride on mellitic acid, togotlujr with a number of secondary products, from which it 
may be fn'cd by I’ccrystallisation from ether. From this solvent and from ben/.(?ue 
it crystallises very readily in hard vitreous prisms which molt at 290°, and sublime in 
lamina? at about 240°. An oxychloride^ C*"C/*Cr', has also been obtained (Claus a. 
Poppe). 

M ell.it ic Ethers. — .According to Bnsso a. Kraut {Lhhitjs Annalcn, clxxvii. 272), 
the melting poirit of ethyl niellitate (73°) is lowered to 61o° by admixture of small 
quantities of methyl mellitato. That of the latter is also lowered by the presence of 
small quantities of impurities. 

The results of Baeyer’s investigations on mellitic acid and its derivatives have 
already been given (vi. 808-814 ; vii. 784-786). 

Trimellitic acid, C®n®(CO'-]I)“, is obtained by the oxidising action of potassium 
permanganate on xylidic acid prepared from pseudocumene. This shows that tri- 
raellitic acid (as formerly suggested by Btioyer) has the same constitution as p.seuflo- 
cumene, viz. (1:2:4); and since trimcsic acid has the position 1 : 3 .' 6, there 
remains for hemimellitic acid only the position 1:2:3. The above reaction yields 
isophthalic as well as trimellitic acid (U. Krinos, Dcut. Chem. Ges. Ber. x. 1491). 

IMCBXiXiOlirzS. On the formation of potassium mellonido from the residue left 
after the calcination of mplam, see p. 1279, 

MBLOirZTS. 8co Tklluuivm Mixkhai.s. 

MBBTTHBBTB, C*“Tl‘". This hydrocarbon, obtained by distilling solid peppor- 
mint-camphop with zinc-chloride, is converted by the action of bromine into eymene, 
(jiotiis ^Br<«.C ‘n'‘ + 4nBr, the hydrocarbon being first treated with a solution of 
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bromine in potassium broinidf and the resulting addition-product distilled. A liquid 
compound having the same composition as solid peppermint camphor, likewise yielded 
meiithene by distillation with zinc chloride (Beckett a. Wright, Chenu Soc. »/. xxix. 1). 

MSBCAPTAXr iind MERCAPTXDES (P. Clacsson, linl/. Soc. Chim. [2J, 
XXV. 183; J.pr. Chem. [2J, xv. 193). Mercaptan, may bo advantageously 

prepared by ncatralising a mixture of sulphuric acid and alcohol w’ith sodium car- 
bcnato ; evaporating ; and after the S(xlium sulphate has crystallised out, mixing the 
mother-liquor with potassium siilphydrate and gently heating the mixture for twelve 
hours in a ri'tort, the vapours which escape conclensatioii in the receiver being passed 
into a solution of caustic ixjtash. By this process, 1 litre of alcohol and 3d0 grjuus of 
potassium hydrate yiedd 280-300 grams t)f crude mercaptan containing about 70- 
80 per cent, ethyl r nlphydrate, and 20 30 per cent, ethyl monosiilphide. The product 
may be freed from hydrogen sulphide by rc'peated agitation with potasli-Usy, and the 
mercaptan separated from the ethyl sulphide by fractional distillation, or. better, by 
converting it into the sodium salt (in/m), evaporating the alcoholic solution of this 
salt to dryness, adding water, and cither filtering the solution, or agitating it with 
benzene or other hydrocarbons which dissolve tho ethyl sulphido. The alkaline solution 
thus purified yields, on neutralisation with dilute sulphuric acid, perfectly pure 
mercraptaii. 

Mercaptan is a powerful reducing agent, converting, for example, nitrobenzene 
into azobonzonc; the alkaline mcrcaptides oxci*t a still more powerful reducing 
action. 

A hydrate of mercaptan, C‘H®S.18H‘0, first obtained by IT. jNEiillcr {Arch. 
Vharm. [2], el. 1 17), is formed when the vapours evolved in the preparation of mer- 
captan are passed through a condensing tulio containing water cooled to 8° or a lower 
temperature, and solidifies to a crystalline mass of small needb*s which may be kept 
undocomposed for several days in a closed vc.s.scl at a temperature of 12^^ 14”. 

Mercaptldes. The aodinm and ptfas.'iium compounds may l)i*. iirejxired cilh(?r 
by dissolving tho met.il in mercaptan, whereupon the compound separates out in white 
snowy masses, or better, by dissolving potas.simnor sodium in 'ibsoliite alcohol and 
adding mercaptan, drop by drop, or by passing mercaptan-vapour into tlic alcoholate. 
Soiiium wcrva-pfldci C*JI\SNa, is decomposed by water into sodium hydrate and mer- 
captan, and by excess of ah^ohol into sodium alcoholate and inereaptan. The latter 
reaction, however, is by no means so complete. An aqueous solution of potash or 
soda dissolves mercaptan, partially converting it into mercaptidc, and great contrac- 
tion of th(' solution ensues. Sodium morcaptido absorbs oxygen when the gas is passed 
tlirougli its alcoholic solution, ethyl disulphide being formed. The action is different, 
however, when dry oxygen is passed over dry .sodium mcreaptidc, oxidation then 
taking place, slowly at ordinary tempcratiiro.s, more quickly at U)0‘^-120”, tho change 
being complete when a solution of a small pi^rtion of tho product in 'water gives with 
lead acetate, no longer a yellow, but a white precipitate. If tho mass, which is not 
altered in appearance, be then dissolved in -water, a small quantity of ethyl bisulphide 
separates out ; iind on removing this by filtration, mixing the filtrate with barium 
chloridt', removing tho small precipitate thereby produced (chiefly barium sulphati’) 
by filtration, ‘passing carbtm dioxide into tho filtrate, evaporating to dryness and 
exhausting witli alcohol, a solution is obtained which, on evaporation, yields a neutral 
very deliquescent and indistiiielly cry.stalline salt, exhibiting the composition and 
roHCtioiis of sodium ethyl sul p!ii iiate, C'^IP.SO.ONa. With solutions of metallic 
suits, nuTcaptan and sodium- morcaptido act exactly like hydrogen sulphide and tho 
sulphydrates of the alkali-metals. 

Thallium mercaptidc, C-H\S.T1, prepared by agitating thallious carbonate 
with mercaptan, is a yellow curdy precipitate slightly soluble in water. 

Ferrous mercaptidc, {G-^^.^YFa (?), is obtained by mixing an alcoholic solu- 
tion of ferric chloride with mercaptan and ammonia, as a black slimy mass resolved 
by heating with water into mercaptan and ferrous hydrate. 

Nickel mcrcaptide, (C'H*S)*Ni, prepared in like manner, is a chocolate-brown 
powder not decomposed by hot water. 

Cohalt mercaptide, (CTPSyHlo, is obtained by agitating mercaptan with cobalt 
acetate, as a gummy precipitote, which, unlike all other mcrcaptides, is not attacked 
even by fuming nitric acid. 

The mcrcaptides of Zinc and Zn.S'-(C'‘II'’)- and CdS*(C‘H’'‘)*, are 

precipitated on adding mercaptan to their compounds with weak acids ; they dissolve 
in dilute acids without decomposition, and arc rcpreciiatated on neutralising the acid. 
They sro wdiito, indistinctly crystalline hodie.s, and are best prepared from the 
acetates. They dissolve in ammonia, and are reprccipitated on neutralisation. 
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Mercuric mcreaptide is best prepared by shaking mercuric cyanide with mer- 
captan, and separates out in long very thin crystals. On application of heat it melts 
to an oil, devoid of smell and taste. On treating it with wann nitric acid, a basic 
mercuricethylsulphonatois formed, according to the equation : 

2Hg(SC2H’‘)“ + + H‘0 - 0(Ilg.S02CnP)-’ + 2(C-H--.SO=.OH). 

Mcrcaptides of the Platinum Metals. — Of the metals of ^his group, only 

P latinum, palladium, and rhodium appear to bo capable of formiitg mcrcaptides. 

’ho platinum salt has be(‘n already mentioned (ii. 540). Palladium mn'captide is a 
powder of a fine yellow colour, which decomposes, when heated, with a glimmering 
light, and evolution of heat sufficient to melt the palladium. Phodinm meraqHide, 
Kh‘'^(S.C‘^il*)'*, obtained from salts of rhodium sesquioxide, is a yellow precipitate. 

The lower oxides of iridium, riitheu mm^ and osmium are not aetddon by mercapt.an ; 
the higher oxides aro imo’cly rodiieed. Clae.s.son suggc.sts that this dilfcnmce of 
reaction might 1)() utilised ns a inctliod of separating the platinum mctnls one from 
the other, especinlly for obtaining platinum absolutely free from iridium, and for 
separating small quantities of platinum from the osmium and iridium metals. 

Tin mercaptides. — The stannic Sn(S.C2Hs)<, is formed by the action of 
stannic chloride on mercaptan, both dissolved in carbon sulphide, and remains as a 
thick oil after the solvent has been removed by distillation ; it is also formed on 
adding mcTcaptan to a strong aqueous solution of stannic ehloriile. It remains liquid 
at —40”, and may be distilled in a vacuum without decemposif ion. but is decomposed 
by distillation under the ordinary prcs.suro, with formation of clhyl .sulphide and 
.S(?paration of metallic tin. S/auiiou.s mercaptide, Sn(S.C'Il-’)', is formcil on adding 
mercaptan to a solution of stannous acetate, as a yellow precipitate, which oxidises 
very quickly on exposure to the air. 

lUsmuth mv.rvapt idc^ Bi(S.C'lP)^, one of the most characteristic salts of the 
group, is obtained by mixing a solution of a. salt of bismuth with inorcaptan, and crystal- 
lises in l()iig flexible yellow needles, mcKleratcly soluble in alcoliol and in et lier. It melts 
at 79”, oxidises easily in air, and when strongly bcAtet I dccoinjDOses into the sulphides 
of bismuth and ethyl. 

Arsc7iious mercaptldvs. -Ansenions ehlorido acts on mercaptan at ordinary 
tomporature.s, forming arsenious ehlorodim ereaptide, As(SC-ll ’)"C1, the substi- 
tution of for 01 not going any further even at 100^. The t rimercaptide, 

As(SC'lP/, i.s be.st obtained by adding sodium nuTcaplido to an etliereal .solution of 
arsenious chloride, keeping tlu* hitler in exce.s.s, mid afli'vwards removing this exeess 
by a stream of ammonia-gas. The product, al'ier filtration amt removal of the ether 
by distillation, is quite free from chlorine. Both these proilue.ts are. colourless frtid 
oils. The former when heated gives metallic ar.<<enic, ar.senie cJdonde, and ethyl 
di.Hulpbidc ; the batter metallic .-nxMiic and ethyl di.sulphide. The former reacts with 
water, giving ar.sonions acid, hydrochloric acid, and mercaptan, but is not oxidi.sed 
by air ; while the latter is not .actecj on by water, but decomposes in air, with formation 
of arsenious acid. 

Phosphorus irirhlnrule and mereapbin do nut react at low temporature.s, but on 
beating tlu- mixture, the three chlorine-atoms arc succe.ssively replaced by the group 
BC“1P, the repla 'i ine.it of the third chlorine-aloni being, however, not completely 
cfllrt'd till the .‘^nlistances are hcat«-»l together at 100° in scaled tubes. 1’ln' tri- 
m ereaptide, r(S( is a colourless fetid .oil, resolved by distillation into 
phosphonis and ethyl disulphide, and slowly decomposed by water at ordinary 
temperatures. , 

Antimony trichloride unites directly with mercaptan, forming the compound 
8bCl*.OTPS, which remains, on evaporating oA'er the waitor-bath, as an oil, which does 
not oxidise in the air, but is decomposed by water like antimonious chloride itself, 
the mercaptan being set free. 

Carbon mcrcaptides are obtained by the action of sodium mercaptide on the 
carbon chlorides CCP, C’Cl*, and C‘CP. Carbon tciramcrcaptide, C(S.C‘-H^)^, is a 
light yellow oil having a peculiar'odour, a sp. gr. r= l*oi, and decomposing when dis- 
tilled. Pvcarbon-hexmercaptide, C‘(S.(f‘IP)*, is a heavy, nearly colourless, fetid oil, 
solidifying at very low temperatures. Dkarhon-telrainercaptide, obtained by heating 
carbon dichlorido, 0*01*, with sodium mercaptide at 100'^ crystallises in very fine 
rhombohedrons having a faint odour and melting at 54°. All these compounds are 
oxidised by nitric acid to /carbonic and ethylsulphonic acids. 

Sulphur Mcrcaptides or Ethyl Poly sulphides. — The tetramdphidey 
(C*H*)*S*, is formed by mixing the solutions of sulphur chloride and mercaptan in 
carbon sulphide : 

2C*H»sii + s^cp = 211C1 + 
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After removal of carbon sulphide and excess of mercaptan by distillation, tho tetra- 
sulphide remains as a light-coloured, very fetid oil, heavier than water, soluble in carbon 
sulphide and in ether, very sparingly in alcohol. It converts most mehils into 
sulphides, potassium cyanide into the thiocyanate, potassium hydroxide into thio- 
sulphate. It is resolved by distillation into sulphur tind the disulpliido, (C-ll-'‘)-S-, by 
contact with water into sulphur and (0-n^)-S“. It dissolves sulpliuruL loii", possibly 
forming the peiitasulphide. 

MERCA^TOXC ACIDS. This name has been given to the sulpluiretted dy<‘s^ 
which Croissant and IJretonniere obtain by action of metallic sulphides, or of Hulplmr 
and an alkali, on carhohydrates, gum- resins, t^c. (p. 6'.)8). 

MERCURZAXiXiarE. According to K Sehmiilt {J)euf. Chan. Ge». Ber. x. 2226), 
this base, obtaino.l from Mercurialia jicminis is identical with methyl amine. 

MSRCURXPBS2UYXiAMMOirXC3^Z CBXiORXDE, Ml(CnP)HgCl, is 
formed, together with morcuriili]>lienylammonium chloride, on mixing the boiling 
solutions of aniline and morcuric chloride, 'fhe latter remains in solution, while tho 
former separate's as a yellowish preeipitaho. After repeated hoiling with alcohol, it 
forms an amorphous insoluble ‘ pheiiy luted wdiite pu’eeipitate ’ (Carl Forster, Beut, 
Chan. Gcs. Ber, vii. 291). 

MERCURY. According to .1. W. Mallet {Proc. Buy. Soc. xxvi. 71), tho sp.gr. of 
solid mercury at its freezing point, — 38*8o^, is 14*1992, compared with water at 4°. 

On the Sjpecific Heal of Liquid Mercury, see (p. 928); of Mercury-vapoiir, 

p. 934. 

On the Expansion of Mercury hy Heat, see p. 935. 

Heat-confluctivUy . — According to If. llerwig (Pogg. Ann. cli. 177), thohcat-con- 
ductiviry of pure mercury betueou tins tiunperatiircs of 40° and 160° is perfectly 
constant, whereas its conducting power for electricity is known to vary with the 
temperature. Mercury, therefore, pnjseuts an exception to the law laid down by 
Wiedemann a. h’ranz (Pogg. An'}*. Ixxxix. 497 ; Jnhresh.f Chem. 18»53, 92), ’according 
to W’hich tho conduction oi’ heat in m(?tals is as variable as thoiv power of conducting 
electricity. On tlio other hand, the result above mtsntioned relating to mercury agrees 
with Lorenz’s law {Pogg. Ann. cxlvii. 429 ; Jahresb, 1872, 52), according to which the 
heat-conducting pow’cr is tho same at all temperatures. 

Electric Conductivity of Mercury- vapour . — llerwig {Pogg. Ann. cli. 350) finds tliat 
this vapour conducts electricity, not like a metal, but rather like a voltaic arc: more- 
over, it exhibits, like other gases, as shown hy Ilittorf (p. 726), a certain resistance to 
the transft'renco of electricity at the cathode. Mercury-vapour at 400° in a tube 4 
mm. in diumfiter, and between columns of licpiid mercury as electrodes, exerts a re- 
sistance of about 50,000 Siemens’ mercury-units. 

Electric Impulsion . — Pu iNIonceVs observations on the movement of a drop of 
mercury at the bottoui of a layer of water through which an electric current is passed, 
have already boon noticed (p. 714). R. Sabiiio {Phil. Mag. [5], ii. 481)^ has studied 
the same piienomeiioii w’ith tho following results : (1). Tho oluctro-motive force be- 
tween two surfaces of mercury proceeds from the dilfcreiit degrees of oxidation of 
these surfaces. 2. ’flic (roiitraetion or expansion consequent on tho passage of a 
current between a drop of water ar.d a siirfai?© of morcury is equal to the change of 
volume duo to the formation of mercurous oxide. 3. Tho ot her best known phenomena 
of impulsion are to bo attributed' to this cause, and not to alteration of the capillarity- 
constants, which, contrary to Lippmaim’s view {Pogg. Ann. cxlix. 546), have but little 
to do with the electromotive force of tho surface. 

Detection of Mercury . — To detect the presence of mercury in urine, Mayen^on 
a. Bergcret {J. Pharm. Chim. [4], xvii. 148) acidulate the liquid with a few drops of 
sulphuric acid, and suspemd within it, for about lialf an hour, an iron nail attached to 
a platinum -wire; then, after washing and drying the mercury precipitated on the 
wire, they introduce it into an atmosphere of chlorine, whereby it is converted into 
mercuric chloride, and demonstrate the presence of tliis compound by rubbing the 
wire with a piece of paper moistened with aqueous potassium iodide, whereby a bright 
red streak is produced. 

Estimation, — J. B. Ilanmay {Chem. Soc. J, xxvi. 565) has devised a method of 
estimating mercury volumetrically, depending on the fact that the precipitate formed 
by a few drops of ammonia in a solution of mercuric chl 9 ;ride, disappears completely 
on addition of a solution of potsissium cyanide, whereby the mercuric chloride is con- 
verted into cyanide. Tho mercury must bo in the form of mercuric chloride, into 
which, if previously precipitated as sulphide, it is easily converted by tho^ action of 
nitromuriatic acid. A comparison of this method with tho electrolytic estimation as 
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metallic mercury, showed that the reduction of mercury takes place most completely 
from the sulphate, less^ completely from the nitrate, in presencei<of free nitric acid, 
and least of all from the chloride, but that* complete reduction may be obtained by 
previously converting the chloride into cyanide by the action of poUiSsium cyanide. 

Tuson a. Neison {ibid, xxxii. 679) modify this method by adding to the solution 
(either acid or neutral) a small quantity of ammonium chloride, then potassium 
carbonate, till a precipitsite appears, and lastly the titrated solution of potassium 
cyanide, till the liquid becomes perfectly clear. By this modification ^he method is 
rendered applicable to the nitrate, sulphate, and other salts of mercury, as well as to 
the chloride. 

Another method of estimating mercury volumetrically is described by J. Volhard 
(Liebig's Anyiah n, exc. 1 ), based upon the fact that mercuric salts decolorise the red 
solution of ferric thiocyanate, ^quickly in all cases, but completely ohly when tliey aro 
added in slight excess. A similar effect is produced by silver, aud the volumetric 
method founded upon it will bo described in connection with that metal. In tlie case 
of mercury the solution must be slightly acid, and the results obtained with it are not 
quite exact, but sufficiently so for most purposes. 


Comjgounds of Mercury. 

Amalgrams. Observations on the behaviour of amalgams at temperatures a little 
above the boiling point of mercury have been made by K. de Souza (Dcut. Chem. Ges. 
Jier. viii. 1616). Silver-amalgam heated to the temperature of boiling sulphur till its 
weight became constant was found to contain 12*61 to 12*74 per cent, mercury, answcTing 
to the formula Ag’=*irg. Gold-amalgam similarly treated retained 10*02 to 10*0 per cent. 
Hg, answering to Au“llg. 

By mixing 20 to 30 pts. of copper reduced by hydrogen with sulphuric acid and 
79 pts. of mercury, a mass is obtained which, when freed from sulphuric acid by 
boiling water, forms after 10 to 12 liour.*} a moderately solid amalgam having tho 
lustre and polish of geld and becoming plastic when heated (Moniteiir Scientijiqiie, [3], 
vii. 312, 1877). 

Chlorides. Tho resolution of caloinel into mercuric chloride and metallic mer- 
cury is not complete at 440'^. A gilt silver tube immersed in the vapour of calomel 
at this temperature, and kept cool by a stream of cold water running through it, be- 
comes coated with a grey film of calomel mixed with only a small quantity of midallic 
mercury (Dobray, Compt. rend. Ixxxiii. 330). 

Mercuric Chloride has been found native in a volcanic district on Termite, one of 
the Molucca Islands (Frcnzcl, Min. Mitth. 1877, 305). 

Mercuric chloride is ro<Iucod to mercurous chloride by the action of hypochlorites, 
the reaction being complete in boiling acid solutions (T. Fairley, Rep. Hr. Assoc, 
1875, [2], 42). 

Amidochloride. - The iictlon o? tho halogon-clemonts on white precipitate and 
other chlorine-compounds of metallic amides has been examined by V. Scdiwarzenbach 
(Deut. Chem. Ges. Her. viii. 1231). It is well known that when a mixture of white 
precipitate and iodine (2 grams white precipitate and 6*04 iodine =5 at. I to 2 mol. 
procip.) is drenched with alcohol, an explosion takc.s place after a w^hile (about 36 
minutes). If the alcohol be replaced by cu-rbon sulphide, propyl alcohol, amyl alcohol, 
chloroform, or glycerin, no explosion takes place even after 24 hours ; but if tho 
quantity of iodine bo increased to tho proportion of 6 at. to 2 mol. white precipitate, 
the addition of chloroform or amyl alcoliol produces a sharp detonation within the 
liquid, without, however, shattering tho ve.ssel. Tho gas evolved in the explosion 
produced by alcohol is nitrogen. C'A/ormc gas likewise acts very strongly on white 
precipitate. When this substance in powder is intr<)duced into an open flask filled 
with chlorine, it becomes very hot in a few minutes, acquires a wavy motion, aud 
either explodes immediately, or more frequently exhibits a bright glow and a 
green flame which lasts for some time. Similar effi^cts are produced with bromine. 
The chlorides, bromides, and iodides of the alcohol -radicles do not act upon white 
precipitate, at least at ortlinary temperatures and in open vessels; ethyl chloride not 
even at 30*^ and under increased pressure. Acelgl chloride produces acetamide, to- 
gether with a red body which is soluble in alcohol, and contaiils mercury, nitrogen, 
and chlorine. 

The action of iodine on white precipitate in presence of alcohol always produces 
nitrogen iodide ; the addition of a small quantity of phenol prevents this resiction, 
however, but gives rise to the formation of a not inconsiderable quantity of iodoform. 
Phenol, iodine, and white precipitate without alcohol, do not produce iodoform. 
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Bromine acts like iodine, giving rise, with alcohol, phenol, and white precipitate, to 
the formation of bromoform, which may bo separated by distillation from the 
mercuric bromide simultiineously formed (C. Rice, Bhcirm. J. Trans. [3], vi. 766). 

Hferonrous Zodtde, Hg^I^. The crystals of this compound have been examined 
by Des Cloizeaux rend. Ixxxiv. 1418). It is completely isomorphous with 

mercurous chloride. Tlie crystals, which are yellow when recently prepared, but turn 
brown on exposiiro to the air, are quadratic, exhibiting the faces ocPco, OP and P, 
and are usually tabular from predominance of the two parallel prismatic faces . tlioso 
of P appear also very unequally developed. Axes, a:b=l : 1 6726. Observed 
angles, P : OP = 67*6°; P .* P=-8l° 16'; P : ooPoo =49° 22'. The crystals usually 
cleave with moderate facility parallel to OP, and exhibit strong positive double 
refraction. 

Bfercurlo Cyanide. Double compounds of this salt with the chlorides of the 
rarer earth-metals have boon prepared by J. E. Ahl^n {Bull. Soc. Chim. [2], xxvii. 
36o). These compounds, which are represented by the general formula 
KCP.3lfg(CN)*+ 811*0, are very soluble, and crystallise from solutions containing 
excess of the chloride ; they give off their w.ater of crysfcillisation over sulphuric aci<l 
or at 100°. 

Cerium double salt . . CoCP.3Hg(CN)". 811*0 Asbestos-like needles. 

LantliMnum „ . . LaCP.3Hg(CNy-.8H''0 Colourless silky needles. 

Didymium ,, . . DiCP.3llg(ON )“.8H‘“0 Reddish flexible needles. 

Yitrium „ . YCP.31Ig(CN)“.8ir*0 Colourless radiate prisms, 

giving off only IJIPO 
over sulphuric acid. 

Krbium „ . . ErCP.31Ig(CN)2.8H‘-*0 Reddish prisms resembling 

the yttrium salt. 

Zodatei Ilg (10*)®. This salt is precipitatt'd in the amorphous state on adding 
iodic acid to a solution of mercuric oxycyanido : 

Hg®OCy® -I- 2ni()* - Ug(IO*)® + TTgCy® + H®0. 

The same precipitate is obtairuid from a solution of mercuric nitrate or acetate, but not 
from the chloride, 

IVlercuric iodato is a white amorphous powder, insoluble in water, and only slightly 
attacked by nitric acid, readily however by hydrochloric acid and the chlorides, 
bi’omides, iodides, cyanides, and cyanates of the alkali-metals, also by sodium thio- 
sulphate and by dilute solutions of the chlorides of manganese and zinc. It is insol- 
uble in potash, soda, and ammonia, sodium sulphide, borax, sodium phosphate, alkaline 
iodatos, bromates, and chlorates, and in acetic, hydrofluoric, and silico-fluoric acid. 
On evaporating a solution of the salt in an alkaline chloride, an iodate of the alkali- 
metal crystallises out first, then mercuric chloride, and when the solvent is in excess, 
a series of crystallised double salts is obtained. A solution of mercuric iodate in 
sodium thiosulphate yields, on addition of hydrochloric acid, a red precipitate which 
disappears in exec'ss of the acid. The solution of the iodate in ammonium chloride 
gives with ammonia a white precipitate insoluble in excess (0. A. Cameron, Chem, 
News, xxxiii. 263). 

Oxides. On the Heat of Formation of Mercurous and Mercuric Oxides, see IIkat 
( p. 955). On the Heat of Combination of Mercuric Oxide with Acids, see pp. 
967, 998. 

On the Decomposition of Mercuric Oxide by Heat, see p. 1010. 

Mercuric SulpbidCf HgS. V reparation of Vermillion . — This modification of 
mercuric sulphide may be prepared by the action of sodium thiosulphate on mercur- 
ammonium chloride. A sohition of mercuric chloriile is poured into an excess of dilute 
aqueous ammonia, and a strong .solution of sodium thiosulphate is stirred into the 
liquid in quantity rather more than sufficient to dissolve tlio resulting precipitate. 
On warming the solution in a l)asin, the separation of Vermillion immediately begins, 
and the heating must bo continued till the whole acquires a pn.sty consistence. The 
ammonia and sal-ammoniac contained in the solution appear to exert an essential 
influence both on the formation and on the appearance of the product; its appearance 
is likewise aflcctod by the temperature kept up during the ev.'ipoi-ation. At 50°-6O° 
a lighter-coloured preparation is obtained than at 90°-160°. The finest Vermillion is 
produced at 70°-80° (0. Hansmann, Dent. Chem. Ges. Ber. vii. 17-16). 

L. Raab (N. Rep. Vharm. xxiv. 39) heats sublimed and finely-triturated calomel 
with a solution of sodium thiosulphate, decants the resulting black mercury sulphide, 
and drenches it with a solution of liver of sulphur (prepared from pure potas.sium 
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carbonate). The solution is then evaporated, with stirring, to complete dryness, and 
tlio residue when cold is washed with warm water till all soluble matters are removed. 
On again drenching it with solnfiun of liver of sulphur, and evaporating down, the 
black mercuric snlpliido passes into tin? red in.iditieatiou. 

Beadions. — 1. Vermillion pn paivtl in the wet way by digesting metallic mercury 
with aininonium peiilasnlpljido is deeoni[)osed by light iniich more rapidly than 
sublimed Vermillion, the (h'ptli and rapMilv of the blackening varying according to the 
nature of the sui'ernatant liquid, tlm change being especially rapid.. under alkaline 
liquids (K. llenmann, Ikr. vii. 7«)t0* 

2. Vermillion is i*a['i»]ly ilecomposetl by boiling with w;iter and finely-divided 
copper, the products being niKallic mercuiy, copper snlpliide, and a dark-coloured 
powder insolnbh' in nitric ae.d, wliicli is tamed white by boiling with strong nitric 
acid, black again by contact with alkalis, and once nioro while by ooiliug with nitric 
acid. Tho white compound tlins pnxluced has the composition 21 1 gS.llg(N ()*)'-, and 
is identical with t he white precipitate formed by passing a small quantity of hydrogen 
sulphide into a solution of mercuric nitrate; it may also lie produced hy digesting 
mercuric sulphide with a strong solution of tho nitrate. Tlie blaekeiiing of this com- 
pound arises from separation of mercuric sulphide. When moi.slene(l willi caustic 
soda, it first turns yellow, then brown, and finally black ; if heat, lie applic'd, however, 
it turns hlaek almost immediately. The black substance is an oxysul pliidt?, 1 lg().2 1 fgS. 
Dilute acids dissolve out the oxide, and when the compound is boiled with strong nitric 
acid, the resulting mercuric nitrate combi nos with tho separated siilp.hiilo, reproducing 
the white compound. The statements of Jhilm {^Jahrcsh.f. Chvm, 18G2, 2211) respecting 
tho formation of red jidditioii -products of cinnabar and mercuric salts arc orronoons, 
nothing but white componiids being thus obtained. Tho decomposition of mercuric 
sulphide by copper is tho cause of the well-known deterioration of tlie colour of 
Vermillion by contact with copper and brass: bciico the means rucommimded by 
Karmarsch for preventing this deterioration, viz., exhausting tlio vermilliou with a 
solution of pearlasli, or bringing it in contact with water and slips of copper to 
remove admixed sulphur, are useless. 

Zinc powder likoMrisc dccomposos mercuric sulphide oven more rapidly than copper 
powder, vormillion prepared in tho wet way being likewise in this case (Jecomppsed 
much more rapidly than sublimed Vermillion; tho products are zinc 8T|]|lliide, zinc 
amalgam, and metallic mercury. On adding Vermillion to zinc powder previously 
drenched with hydrochloric acid, hydrogen sulphide is immediately ovolvea, and the 
colour is destroyed. This shows that mercuric sulphide is likewise decomposed br 
nascent hydrogen (lleuiiiann, JDevt. CJuin. Ges. Her. vii. 752, 1388 and I486.). 

Mercuric sulphide is insoluble in caustic soda-hy and in sodium monosulphide, 
but dissolves in a mixture of the two ; with 2 pts. crystallised sodium sulphide, 2 pts. 
soda-ley of sp. gr. 1*33, and 1 pt. mcmiric sul|)hide, an orange-red solution of 
mercury-sodium sulphide is obtained which filters readily. On heating this 
solution with water, black mercuric 6ulj)hi<le separ.ites, find by adding a sufficient 
excess of water the whole of tho mercury nifiy be removed from the liquid; if, however, 
an excess of alkali is present, tho complete precipitation of the mercury cannot be 
effected. Minercil ecids, organic. Jiciils, and hydrogen sulphide produce an immediate 
precipitate of black amorphous sulphide. If tho liquid be left to itself in a loosely 
closed vessel, it absorbs cjirlfonic acid, gives off..bydrogi‘n sulphide, and deposits, first, 
crystals of sodium cjirbomito mixtxl with 5 per cent, mercury sulphide, afterwards^Efed 
and red-brown crystjils of mercury sulphide, which are finer and more reguhu^ l/tid ■ 
more slowly the absorpLi«)n of carbonic acid takes place. These crystals are hexagonal 
prisms or plates \yliich react chemically like cinnabar (M6hii, Buss. Zeitsckr. Fharm, 
1870, 321). 


Compound of Mercuric Sidphide with Cuprous Chloride, 2irgS.Cu2Cl* « 
Cl.Cu.S.Hg — Hg.S.Cu.Cl. — When red or black mercuric sulphide is boiled with a 
solution of cupric ddoride, no reaction takes place at first ; but, on adding strong 
hydrochloric acid, a brilliant orange-powder i.s immediately formed, whilst the lii^uid 
assumes a dark brown colour due ’to the formation of cuprous chloride, which dissolveii 
with that colour in the excess of cupric chloride. Tho yellow precipitate contains a - 
large quantity of admixed sulphur, which, however, may be easily removed by solution 
in carbon sulphide. The formation of this compound may bo represented by Jjhe, 
equation: • 

3HgS -f 2CuC12 = 2HgS.Ctt"-C12 + HgCD + S*. 


The formation of cuprous chloride is probably also partly duo to another 
represented by the equation JIgS + 2CuCD= ITgCl* -»• Cu*Cl® + S, partly tSb a slniondaiy ’ 
action of tho excess of cupric chloride on the previously formed yellow body. Strong 
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hydrochloric acid, boiled with the compound 2!^S.Cu-Cr-, dissolves out cuprous 
chloride and mercuric chloride, with slight evolution of hydrogen sulphide. Dilute 
sulphuric acid exerts no action on the compound even at the boiling heat ; but the 
boiling concentrated acid decomposes it, with elimination of hydrogen chloride and 
sulphur dioxide, forming a compound of mercuric sulphate and sulphide. Caustic 
soda colours the yellow compound deep black, removing all the chlorine, and replacing 
it by oxygen, whence there results a mixture of 2 mol. HgS and 1 mol. Cu“0. Dilute 
hydrochloric acid heated with this mixture dissolves a large quantity of mercury but 
only a sm.all quantity of copper, the reaction, as shown by direct experiment, taking 
place according to the equation : 

HgS + CuO « Cu^S + IlgO. 

Cuprous or cupric sulphide digested with mercuric chloride yields nothing but the 
white compound 2H'gS.HgCl* (Heumann, DeiU. Ckem. Ges. Ber. vii. 1390). 

Analysis. — For the quantitative analysis of native cinnabar, Fr. Gramp (e/1 pr. 
Chem. [2], xi. 77) oxidises it with nitric acid of sp. gr. 1-4 in a sealed tube at 120°, 
whereby complete solution is eifocted. 

An analysis by C. W. Dabney of native cinnabar from Canyon City, Oregon, has 
been published by J. W. Mallet (Chem. News, xxxiv. 180). This cinnaljar is remark- 
able for giving off hydrogen sulphide when treated with hydrochloric acid, then 
yielding a small quantity of sulphur when heated in a sealed tube, then again giving 
off hydrogen sulphide when heated with hydrochloric acid, which, at the same time, 
dissolves iron. The analysis of the mineral, which forms veins in calcspar, gave ; 

Eg SO SO Fe SlO“ OO 

78-42 0-54 13-59 409 306 0*30 = 100. 

(‘) Given oil as H"S. O In the residue. O By difference. 

The double reaction is explained on the supposition that the iron is present partly as 
magnetic pyrites, partly as iron pyrites. Supposing part of th^‘ sulphur to be com- 
bined with the mercury as HgS, then calculating the quantity given off in the form of 
H'-S as Fe’S", the remaining sulphur as FeS*-*, and the rest of the iron as Fe®0*, we 
have : 

HgS Fe’S' PeS» Fe»0» SiO* 

90^97 1-37 1-96 3-36 306 = 100-71. 

To the presence of similar mixtures of iron sulphides containing different proportions 
of sulphur. Mallet likewise attributes the differences in the analyses of cinnabar from 
other localities (e.g. from Japan, analysed by John), which have given, instead of 
32 pts. sulphur, as much as 44-64 pts. to 200 of mercury. 

m[BRCV]lT-ACBTil.lMIZBB, C^H^N'-'Onfg = (CH».CO.NH)-Hg. This com- 
pound, produced by saturating an aqueous solution of acetamide with mercuric oxide 
(i. 7), is decompose by heating to 100° in sealed tubes with wirbon disulphide, yielding 
mercuric sulphide, carbon oxysulphide, acetonitril, and acetamide : 

(CH».CO.NH)*Hg + CS2 = HgS + CS(NH.CO.CH 

Diacctyl-thio- 

carbamide. 

and 

CS(NH.C0.CH7 = CSO + CH».CN + NH^.CO.CH*. 
lodlnd (not in excess) and thiocarbanilide likewise separate largo quantities of acet- 
amida from its mercury-compound. Mercury-acetamide is completely decomposed by 
hydrogen sulphide in alcoholic solution, behaving, therefore, with various reagents in 
the same manner as mercury -benzamide. Both these compounds arc also decomposed 
in a similar manner by dry distillation, yielding large quantities of the acid amide, 
together with water, ammonia, carbon, and met.’illic mercury; the benzamide-compound 
also yields benzonitril (Oppenheim a, Pfaff, Deut. Chem. Ges. Ber. vii. 623). 

BhenyUniercuracetamide or Mercuracetanilide, (CH*.CO.N.C®H‘)'‘'Hg, is 
fbrmed by fusing acetanilide with mercuric oxide, and crystallises from alcoholic 
solution in small colourless needles which melt, with partial decomposition, at 216°, 
and are completely decomposed by hydrogen sulphide. 

MBRCVRT-BBirZAMZBB, (CoH^CO.NHy^lIg. See Benzamtdk (p. 165). 

MnCVRT-BZCTlIlITB, (C*®H'*)*Hg, is formed by heating a mixture of 
\y^moeymene and xylene with sodium-amalgam, with addition of a little acetic ether. 

kng slender needles, which melt at 134°, and dissolve with moderate facility 
al6ohol, very sparingly in cold alcohol, more readily in benzene and in 
It. volatilises without decomposition. 

MBRCVRT-PHBNTBXABrTBRMZBB. See Xanthamtuf. 

Voi. VIII. 4 O 
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MBACURT TBIOCTABATB. See Tuioctanatbs. 

nCBSACOirzc ACZB* See Ftbocitric Acids, under Citric Acid 

(pp. 611, 618); also Ptrotartaric Acid. 

MESADZBROUKOPYROTARTARZC ACZD. See Ptrotartaric Acid. 

MBSZDZBTE. See Mesitylenks (Amido-) ; also Cujtidine (p.,592). 

MBSZTOZi, C“H'“0 - 0*H”.OH (Bicdermann a. Ledoiix, Chem, Ges. Ber. 
viii. 57). Mesidine nitrate, treated with nitrous acid, yields a solution of diazo- 
mesitylene nitrate, rfnd on distilling this solution, a large quantity of gas is given off, 
and mesitol passes over with tho aqueous ^vapour, solidifying partly in the con- 
densing tube, partly in the receiver. Mesitol is also formed, together with another 
body, most probably oxymesitylenie acid, by fusing potassium iinesitylenesulphouate 
witli potassium hydroxide. On acidukting the melt with sulphuric acid, and distilling 
with water, the mesitol passes over with the steam at the beginning of the distillation. 

Mesitol has a strong odour of phenol, di.ssolve8 very easily in alcohol, ether, and 
benzene, floats on water, volatilises very readily with aqueous vapour, and crystallises 
at the same time in very beautiful long white needles. It molts at 68°-69°, and 
boils at 215°-220®.* Mesitol dissolves very easily in tho fixed alkalis, and is pre- 
cipitated therefrom in tho crystalline state by hydrochloric acid. It does not dissolve 
in ammonia or in alkaline carbonates. No nitro-derivatives of it have been obtained. 
Treated in acetic acid solution with hrominey it forms monobromo inositol, which 
is precipitated by water in white flocks, and crystallises from alcohol in slender needles 
having a silky lustre and melting at 80^. 

MESZTYZ. OXZDB, C«H'oO. This compound is formed,* together with other 
products, by tho action of zinc-methyl or zinc-ethyl on acetone (Pawlow, Deut. Chnn. 
Ges. Ber. ix. IIUI) ; also in small quantity, together with ammonia and other bases, 
by the distillation of diacetonamine clxxiv. 133; clxxxi. 

70 ; Ber. viii. 768). 

Mesityl oxide, as well as phorono, is converted by strong sulphuric acid, for the 
most part, into mesityl ene (Clai sen, 2?er. vii. 1108). By prolonged boiling with 
dilute nitric acid, resinous products are fonned at first, afterwards acetic and oxalic 
acids. Bromim acts violently on mesityl oxide, with evolution of hydrogen bromide ; 
but a solution of mesityl oxide in carl)on sulphide takes up bromine directly, forming 
tho compound C*H*“O.Br-. As tho solvent evaporates, this dibromide remains in the 
form of a dark-coloured oil which becomes yellowish on distillation with steam. It 
is, however, only comparatively permanent under w’at(?r; in the dry state it assumes, 
after a few hours, a deep violet colour, and slowly gives oif hydrogen bromide. It 
cannot be distilled even in a vacuum. An alcoholic solul ion of mesityl oxide is strongly 
attacked by sodium-anmlgani ; and if, after the odour of tho mesityl oxide is no longer 
perceptible, the solution be precipitated with water, and the oil thereby thrown dow'ii 
be subjected, after drying, to distillation, the greater part (f of it) })asse8 0 ver between 
205° and 225°, and of this the principal fraction at 213°-217®. This fraction has 
the composition C'‘IF‘0. Sometimes, also, there is formed a small quantity of a solid 
body which melts between 110° and 120° (Clai.sen, Ber. viii. 1256). 

BZBSZTVMBB, C«H*(CH»)* ( 1 : 3 : 5], and PSBUDOCUMBBB, C®H»(CH*)» 
[1:2:4] (Jacobson, Liebig's Avnaloi, clxxxiv. 179; Ber. ix. 256; x. 865). 
These two modifications of trimctliylbcnzene occur together in coal-tar oil, and 
cannot be ofiTectually separatijd by tho usual ‘mutliods of fractional distillation, or 
fractional crystallisation of the barium salts of their sulphonic acids. The separation 
may, however* be effected by converting them into the amides of their sulphonic acids. 
For this purpose, the portions of commercial cumene from coal-tar oil,boiUng between 
160° and 168°, and freed from phenol, are agitatwl with ordinary sulphuric acid, and 
tho resulting sulphonic acids are converietl into barium salts and then into sodium 
salts ; the latter in the state of <lry pow’der are triturated with an equal weight of 
phosphorus pentachloride ; tho product is freed from phosphorus oxychloride by 
heating ; and the residual semifluid mass, when cold, is added to a largo excess of 
concentrated aqueous ammonia Tho ro.sulting sulphainides, which harden after a few 
days to a cryKtalline mass, are washed with water, dissolved in alcohol, and separated 
from one another by distilling off the alcohol and leaving tho residue to crystallise, 
whereupon the pseudocumenesulphamide crystallises out first, and then the mesity- 
lenesulphamide. ^ 

To obtain the hydrocarbons from these sulphamides, tho latter are heated in 

• Pittig a. TTooegewerlT {Liebig's Atinnlrn, cl. 323), l)y honling potassium mcsitylcnesulphonate 
with potash, obtained a phenol to whicli they tuisigned the formula C'H*‘0 {xylmol, vi. 1128). It Is 
described as melting at 70®-73°, boiling at 216°-217®, and yielding with bromine a dibromo-derivative 
which Biedermann a. Ledoux were not able to obtain 
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sealed tubes with strong hydrochloric acid, the mesitylenesulphamide to about 160°, 
the pseudocumenesulphamide to about 170^. The hydrochloric acid must be used in 
considerable excess, as otherwise the products will consist of the corresponding 
dimesitylene- and dipseudocumene-sulphamides, especially if the temperature required 
for the decomposition be not continuetl long enough. 

The mother-liquors of mesityleno and pseudocumene thus obtained, yielded, when 
treated as above described, sulphamides melting respectively at 130° and 100°-102° ; 
and both of these sulphamides, when heated with hydrochloric acid, yielded one and 
the same hydrowirbon, boiling at 138°- 140°, which is the boiling point of metaxylenc. 
Crude coal-tar cumene contains, therefore, only two trimethylbenzenes, viz. mesitylcnc 
and pscudocumene ; and the great difficulty of separating those two hydrocarbons 
arises from the fact that they obstinately retain, not, as might bo expected, a third 
trimethylbenzeiie, but a dimethylbeuzene, viz. metaxylene. That the separation of 
the two trimethylbenzenes cannot be effected through the medium of the barium salts 
of their sulphonic acids is due to the formation of a molecular compound of these two 
barium salts, which may, in fiict, be directly obtained by crystallising the two together 

(p. 1286). 

Mesityleno is also formed: a. By the action of strong sulphuric acid on 
mesityl oxide and on phorone (from acetone) (Claissen, Her. vii. 1168). jS. By 
polymerisation of allylene, Cfl* — CEECIf. (prepared by the action of alcoholic potash 
on propylene bromide, and purified by conversion into the copper compound) under 
the infiuence of strong sulphuric acid. The allylene is absorbed by the acid in 
large quantity, forming a brown-yellow solution, which when diluted with a little 
water and distilled, yields a distillate consisting of two layers, the upper of which is 
nearly pure mesityleno. The polymerisation of the allylene takes place, not during 
its absorption by the sulphuric acid, but in the subsequent distillation (Fittig a. 
Schrohe, Btr. viii. 17 ; Jacobsen, ibid. x. 855). 

Nitro- and Amido-mesitylenes (Ladenburg, Ber. vii. 1133 ; lAMJs AnnaUn^ 
clxxix. 163). — Dinitromesityleno is converted by ammonium sulphide into the nitro- 
rnesidine, C*1I(CH*)*(N0‘‘^*)(N IP), discovered by Maulo (iii. 930\ which melts at 
72°-73°, and crystallises in largo thick yellow prisms when left to cool slowly from 
the state of fusion. By the action of acetyl chloride it is converted into nitro- 
a cetyl-mo si dine and hydrochloride of nitromesidine ; 

2C»1I*«(NH‘^)(N02) + mmCA * 0»H»»(NH.C'‘'H»0)(N0«) + 
C»H»®(NH'-‘XN0«).HC1. 

The quantity of nitroacetyl-mcsidine is however greater, and that of nitromesidine 
hydrochloride less than that which corresponds with the preceding equation ; the 
nitromesidine hydrochloride may be dissolved out of the crude product by warm 
water. 

Nitroacetyl-mesidinc forms nearly colourless needles having a silky lustre ; it 
melts at 188°, and distils without decomposition; dissolves easily in warm alcohol 
even when dilute. By fuming nitric acid, or better by a mixture of nitric and sulphuric 
acids, it is converted into dinitro-acetyl-mesidine, C*H®(NHC“H*0)(N0“)*, 
which crystallises fwm hot alcohol, in which it is but slightly soluble, in shining 
white needles molting at 276°. The d ini troraesi dine, C"H"(NH''*)(NO’^)‘‘*, obtained 
by heating this acetyl-compound to 160° with hydrochloric acid, melts at 193°-iy5°, 
and is identical with that which Fittig obtained (vi. 300) by reduction of trinitro- 
mesityleno. On drenching it with alcohol saturated with nitrous acid, it becomes very 
hot, so that it is necessary to add the alcohol only gradually and to moderate the action 
i>y cooling. The resulting dinitromesityleno, C"H*®(NO*‘')% forms nenrly colour- 
less shining needles, melts at 86°, and is identical with the dinitromcsitylene discovered 
by Hofmann (iii. 930). 

MonMiitromesitylene, G*‘II"(NO*) = C“n*(NO*)(CH’)*. — The mode of preparing this 
compound given by Fittig and Storer (vi. 299) yields it in small quantity only. Larger 
quantities are obtained by distilling with steam the oil which remains when the last 
mother-liquors of the preparation of dinitromesityleno are left to evaporate. The 
same nitromositylone is obtained by converting dinitromesitylene into nitromesidine, 
and treating the latter with nitrous acid and alcohol. It melts at 42°, and boils at 
255°. By tin and hydrochloric acid it is reduced to am idomesitylen e, CTH^NH®), 
boiling at 229°“230°, and remaining liquid at — 15°. The 'plaitinochloridc of this base, 
(C®lI“NIP.HCl)*PtCl*, is nearly insoluble in hot water, and crystallises from strong 
hydrochloric acid in needles having a golden-yellow shimmer. 

Acetylamidomesiiylene^ C*H"(NH*C*H®0), prepared from the preceding base by 
the action of acetyl chloride, or by heating with glacial acetic acid, melts at 21f)°-217°, 
and sublimes in needles without decomposition. It dissolves in nitric acid of sp. gr. 
1’4, andis precipitated therefrom by water without alteration. If, however, it be 

4o2 
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added to fuming nitric not too highly concentrated, and the liquid he gradually mixed 
■with water, nitro-acetyl-inesidino gradually separates. The nitro-base thus produced 
crystallises from alcohol in white needles melting at 186°-188°, and is identical with 
the nitro-acetyl-mesidine obtained, as above mentioned, by acetylisation of nitro- 
mesidino. Like the latter it yields, when heated to 160° with hydrochloric acid, thf 
nitromesidinc which melts at 7-1°. , 

Mesitylene-acediamine^ is obtained byl^oiling mesitylene 

diamine, with glacial acetic acid. It melts at a temperature above 800°, 

and is nearly insoluble in water and in dilute hydrochloric acid (Ladenburg,fler..viii. 677). 

Mesitylenesulphonic acid, = C®H-’(GIl*)®(SO'.OH), crystallises 

in prisms containing 2 mols. ITO. Bariuyn Mesitylenesulphouate, (C®H"SO*)*Ba + 9H*0, 
is obtained, by slow evaporation of its solution, in large monoclinic tables ; by more 
rapid crystallisiition in long flat prisms acuminateil on both sides, 5*63 parts of which 
dissolve in 100 pta. water at 11 *0°. At the same temperature 4*19 pts. of the an- 
hydrous salt dissolve in 100 pts. of water (Jacobsen). 

Mesitylene sulphamide, C»fl"S0*NI12 = C«n“(Cn*)»(S02NH*), crystallises 
from alcohol as a white, long-fibred, asbestos-like mass, from hot water in capillary 
needles. 1 part of it dissolves in 185 pts. boiling water, and in about 3000 pts. water 
at 0°, in 0*88 pt. boiling alcohol of 83 per cent., and in 18 pts. of the same alcohol 
at 0°. In ether it is less soluble than in alcohol ; it dissolves also in strong sulphuric 
acid and in alkalis. Melting point 1 41 °-l 42° (Jacobsen), lly oxidation with potassium 
dichromate and sulphuric acid it is converted into parasulphamine-mesitylenic 
acid, C*H*(CH*)®(SO^NH*)(CO'‘*H). See Mesittlenic acid (p. 1286). 

IHmesitylencsulpJiamide, (C*I[*’SO’)*NH, formed by heating* the preceding com- 
pound with hydrochloric acid not in excess, and not long enough to effect its complete 
decomposition (p. 1283), is moderately soluble in hot water, and crystallises therefrom 
in needles which molt at 124°, and are partly decomposed on volatilisiition (Jacobsen). 

Vieudocumene or Vnaymm^trlcal Trlmctbylbenzene, 

C.CIP.CH'.H.ck* .H.H, is obtained : 1. From coal-tar cumene in the manner already 
described (p. 1282), or moA) simply by agitating the crude coal-tar cumene with 
strong sulphuric acid, mixing the acid mass with about five times its bulk of water, 
syphoning off the layer of dilute sulphuric acid which sinks to the bottom, diluting 
the remaining liquid with four times its bulk of water, and IcaA'ing the clear warmeil 
solution to crystallise, whereupon it deposits cubes of pseudocumenosulphonic acid. 
These, when purified by crystallisation and heated, yield a distillate of pure pseudo- 
cumene (Jacobsen, Ber. ix. 258). 2. By dehydration of pliorone wdth phosphoric 

anhydride,* C®H“0 — = 100 pts. phorone (from acetone) are heated in a 

sand-bath with 76 pts. phosphoric anhydride mixed with twice its weight of sand, the 
mixture being slowly distilled to dryness and the distillate fractionated. The 
greater part of it is found to consist of pseudocumeno, identical in its properties with 
that obtained from coal-tar oil (Jacobsen, Ber. x. 855). 3. By the action of methyl 

iodide and sodium at 100° in a reflux apparatus on the dibromotoluene, 
C®.CH®.Br.H.Bp.H*, prepared by exposing a mixture of ortho- and para-bromotoluene 
to the action of bromine and iodine in sunshine (Fittig a. Jannasch, Liebig's Annalcn, 
cli. 283; Jannasch, ibid, clxxvi. 283). 4. -As a bye product, in the preparation of 
durene (tetramethylbenzene) from dibromoxylene, methyl iodide, and sodium (Jan- 
nasch, he, cit.) 

Pseudocumene boils at 166°, and is oxidised by dilute nitric acid to paraxylic acid, 
C®H*(CH*)XC02H), and xylidic acid, C«H»(CH®)(CO'‘‘H)«^ (vi. 1129). 

Pscudocumenesulphonic acid, C®.CH®.CIIMr.CIP.H.SO®II. — The barium 
salt of this acid separates from solution at ordinary temperatures in anhydrous 
crystalline scales ; but on lejiving its solution to evaporate over sulphuric acid, at a 
temperature between 0° and 6°, the salt separates in limpid rhombic tables or rhom- 
bohedral crystals which contain 2 mol. water and effloresce very easily. 

When the barium salts of pscudocumenesulphonic and mositylenesulphonic acids, 
previously deprived of their water of cry.stallisation, are crystallised together in mole- 
cular proportions, there is obtained, whether the crystallisation takes place at the 
ordinary or at a lower temperature, an anhydrous double salt composed of pseudo- 
Gumenesulphonate and mesitylonesulphonate of barium ; this result confirms what has 
already been said (p. 1283) about the difficulty of separating the two hydrocarbons by 
means of their bariumTsulphonates. 100 pts. water at 11*5° dissolve 6-81 pts. of this 
double salt. 

* Phorone dehydrated by sulphuric acid yields, ns already observed, mesitylene Instead of pseudo- 
cumene (p. 1283). 
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Pseudocumenesulj^hamide, C^H'^SO-N IP, crystallises from alcohol in short 
hard prisms, from hot water in laminae, and melts l)et\vc?eii 17^V’ and 176®. One part 
of it dissolves in 380 pts. of boiling water, in about 7000 pts. of water at 0®, 
and in 4*4 pts. of 83 per cent, alcohol at 0®. It is less soluble in other than in 
alcohol, and behaves to strong sulphuric acid and alkalis like mesitylenesulphiunide. 

MSSXTY^raB, BOMOXiOGVES OF (Jacobsen, Ber. vii. 1430). These 
bodies are derivatives of benzene containing three alcohol -radicles, 0"^’**"^', in the 
symmetrical positions 1 , 3, o. The formation of a hydrocarbon having the composition 
ill the preparation of mesitylene was observed some years ago by Fittig a. 
Ilriickiier {Lich. Ann. cxlvii. 42), and by Jacobsen {ibid, cxlvi. 85), and the formation 
of a sulphonic acid yielding a sparingly soluble barium salt (like that of the sulpho- 
acid from the hydrocarbon C'**!!'* just mentioned) was noticed by H. Rose {ibid. 
clxiv. 53). It appeared probable that the source of this hydrocarlion was to be found 
in the methyl-ethyl ketone which Fittig had detected in crude acetone ; and in fact 
•Tacobsen found that pure acetone did not yield any homologiies of mesitylene, but 
that when mixtures of pure acetone (b. p. 58®-59*5®) with methyl-ethyl ketone were 
subjected to the process usually adopted for the preparation of mesitylene, large 
qu:intities of higher hydrocarbons (b. p. 170®-230®) were obtained, from which, by 
fractionation and further methods of purification, three hydrocarbons wore isolated, 
represented by the formulae and 

Dimethi/lethylbenzenv, C"TI'< = C“11»(CH“)2(C-^H''), boils at 180^-182®, and 
yields (Jii oxidation mesitylenic acid aiul a little uvitic acid. Its sulphonic acid 
crystallises in large needles, and yields a barium salt which crystallises in pearly 
scales. As it is but sparingly soluble in water, it is easily separated from barium 
mesityleno-sulphonate, and therefore well adapted for the preparation of the pure 
hydrocarbon. Trihromodhnethylethylbenzene is sparingly soluble in alcohol, and crys- 
tallises from a hot solution in thin long needles melting at 218® ; it readily sublimes, 
and distils above 360®. Trinitrodimethyldhylhemene crystallises from hot alcohol in 
hard, long needles melting at 238®. 

Methyldiethylhenzene, C>>H>®=--CW(Cir)(C“7{7^ boils at l98®-200®. On 
oxidation it yields chiefly uvitic acid, and its tribromo-com pound crystallises from hot 
alcohol in needles melting at 206®. 

Triethylhensene^ C'®H’® = C®H®(C^I1®)’’, is obtained in small quantity only by 
the process above mentioned, much more abundantly (as also methyldi(4hylbenzenr*) 
from those fractions of crude acetone which pass over above 65®; in very small 
quantity, on the other hand, by treating nearly pure methyl-ethyl ketone with siil- 
pliuric acid. It boils at 217° 220®, and is oxidised by chromic aciil to trimesic acid. 

MethyUlipropyl-hemene, = (1«H»(CII»XC®IP)*, is obtained, together 

mWxBimethyl’propyl-henzene, C«IP(CIP)*(C“ir), and mesitylene, by 

carefully distilling 2 vols. methyl -propyl ketone (b.p. 104®... 110®), and 4 vols. acetone 
witli 3 vols. suljtliuric acid, and subjecting tlio portions of tins product which l->oil 
between 190® and 260® to repeated fractional distillation over sodium. Pimctliyl- 
propyl-bonzene boils at 206°-210° ; niethyl-dipropyl-benzeiic at 243®-248°. The former 
when boiled with dilute nitric acid (sp. gr. 1*1) yieldctl mi*sityloiiic aci'l, with scarcely 
any secondary products ; the latter gave nothing but uvitic acid, together with a very 
small quantity of an acid which volatilised with vapourof water. 

The products of still higher boiling point did not yield any tripropyl-henzene ; 
neither wore higher homologiies of mesitylene obtjiinrd by the action of sulphuric acid 
on methyl-propyl ketone, or methyl-isobutyl ketone, or methyl-ceriantiiul (Jacobsen, 
Ber. viii. 1258). 

MESZTTIiEBZC aczd, 

= C‘»11“(CIP)’XC02I1) = CS.CO^II.H.CIP.H.CH’.H. 

This acid is formed, together with a very small quantity of uvitic acid, CIPO', by 
boiling symmetrical dimothylethylbeiizeuo (p. 1285) with nitric acid of sp. gr. PI 
(Jacobson, Her. vii. 1430 ; VYroblewsky, ihid. ix. 495). 

Bar asiilphaiuinc- mesitylenic acid, 

C«H2((;ili3)2(,S02NIP)C0ni - C« CO'-H.H.c’jP.SO^NH^.CIP.H, 

IS produced by boiling niesitylene-sulphamide for five hours with pota.ssiuni dichromate 
(7 pis.) and sulphuric acid (10 pts. diluted with 3 vols. Avatcr). It crystallises from 
Its aqueous solution in fiat irregular prisms ; melts at 217° ; dissolves easily in alcohol 
ttndether, sparingly in boiling water, and is nearly insoluble in cold water. The 
oariuin salt is very soluble and difi8cult to crystallise. The copper salt^ 
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[0®H“(CU“)'(SO*NH2)CO*J‘Cu + 411-0, is precipitated from the solution of the barium 
salt by cupric sulphate in small blue needles, -which, after drying in the air, give off 
water over sulphuric acid, and recover it on subsequent exposure to the air ; at 200‘^ 
the salt becomes light-green, loses all its water, and is afterwards not altered by con- 
tact with the air. 

By heating with concentrated hydrochloric acid, parasulphamine-mesitylenic acid 
is partly converted into mesitylcnic acid, which may be separated from the unaltered 
acid by sublimation (ilall a. Ilemsen, Ber. x. 1039). 

MBSOCAMPBORZe ACZD, Jungfleisch {Bin', vi. 268), by heating 

dextrocainphoric acid with a little water to 170°-18O°, has obtained an inactive 
camphoric acid which he has not been able to sepiirate into dextro- and laevo-acid. It 
crystallises in tufts of needles, and appears to be identical witl\ mesocamphoric acid 
(vii. 235). Another modification, likewise inactive, and apparently identical with 
Chautard’s paracamphoric acid (vi. 389), is formed by heating camphoric acid to 280°. 
F. Wreden {Ber. vi. 565) remarks tliat mesocamphoric acid, which ho also regards as 
identical with Jungfleisch’s acid, is, according to his own experiments, very easily 
converted into another inactive modification, probably identical with the second acid 
obtained by Jungficisch. 

MBTACZmrAMBirB or MBTABTYROBBBE, C*H", is formed, together 
with cinuamene and other products, by heating phenylbromethyl with an alcoholic 
solution of potassium cyanide (lladziszewski, Ber. vii. 140). 

MBTACROliBZlir, nC^lI^O. This polymeride of acrolein, which Geuther a. 
Cartmell obtained by heating acrolein hydrochloride with potassium hydrate, is like- 
wise formed, together with ethoxyl- acrolein, G*H'*0-=:C*H®(0C21P)0, and other pro- 
ducts, by heating the same salt with sodium ethylate (Taubert, p. 42 of this volume). 

C(Nn)-NH(C«n‘) 

METACTABABZZiZirE, » I 

C(NH)-NII(C*H'^) 

[NH:CNH=1 ; 3]. This modification of cyananiline, which melts .at 54°, is 
obtained by distilling tiramido-bonzoic acid with a fourth of its weight of phosphoric 
anhydride. Para-uramidoben’zoic acid, similarly treated, yields paracyananiline melting 
at 86° (Griess, Ber. viii. 1114). 

META-BERZyATZVES, AROPKATZe (1 ! 3). This article includes a num- 
ber of meta-dorivatives which have not been noticed under the respective primary 
compounds, and references to a few others, which otherwise might not easily be found. 

Metamidohensoyl-carba^nide^ = IPN.CO.NH.CO — ^ \ 

~TiH« 

Sec Carbamidks (p. 394). 

Metahromaniline, C*.NIl-.H.Br.ll*. See Bknzknes (Bromamido-), p. 193. 

Metahromohemyl Browftfe, C*H*Br.CII'-Br«C“.CIPBr.H.Br.H®. See Ben- 
zyl, Haloid Ethers of (p. 314). 

Metachlor-ortkonitranilinef C®.N1I^.N0*,II.H.C1.H. See Benzenes (Chixiro- 
NITUAMIDO-), p. 202. 

Metachlor~ortho~oxyhcnzoic or Meiaehlorosnlicylic acidt 
C^.CO^H.OH.H.H.Cl.H (m. p. 172-5°). See Benzoic acids (Oxy-), pp. 280, 300. 

Meta-cresol, C®.0H.H.C11M1®. See Phenols. 

Meta-cy aniline. See PiiENYtAMiNKs. 

Metadihromohemidinc, C’*I1‘®N'‘*BP. See Metazoxtdibromoijknzenh 
(p. 1287). 

Metadicyanohenzene, C®H^(CN)-, obtained by distilling the potassium salt of 
benzenc-mctaclisulplionic acid (p. 251) with potassium cyanide, crystallises in filiform 
needles, voiy soluble in water and melting at 156° (Kdrncr a. Monselise, Gasz. chim. 
Uni. 1876, 133) ; according to Lirapricht {Liebig's Annalen^ clxxx. 88) it forms nodular 
groups of needles melting at 150°. 

Meta-hydrazodibromohenzene. See Metazoxydibromohenzene (p. 1287). 

Metanitrobenzoyl-carbamide, C".NH* H[CO.NH.CO.NH'‘*].lI* (see the corre- 
.sponding Amido-compoiind, supra), 

MetanitrohenzyJ, Bromide^ C H<(iVO®).CIT-Br - C‘*.CIP(NO‘*).II.Br.IP. See 
Tor.UKNBS (Nitro-). 

Metanitro-orthochloraniline, C^.NHMI.NO-.H.H.Gl. See Benzenes 
Chixironitramido-), p. 203. 

Meta-oxyphenyl-urethanej C-Tr‘O.CO.NII(C"IP)Oir. See Urethanes. 
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Meta-oxyuvitic acid. Sec Oxinviric acid. 

Metafhenylene-diaminc, See liKNzuNiss (Uiahiuo), 

(p. 210). 

Metasocarhoxylhenzene’- Mctadi melhylamido carboaylhcnzenct or 
Carboxylpheny Imetazodimc thy lam idol) cn zoic acidf 


C«H=*(CH3y^N< 


N.C«ll'.CO.OH 

N.CO.OH 


IS formed by the action of mutadiazobonzoic acid on metadimethylamidobenzoic acid. 
It is a roddish-browii precipitate, gradually becoming crystalline, and possessing 
great tinctorial power (Gricss, Ber. 1877, r>2o). 

Metazoxydihromohenzenct C'®H*Br‘“NH), is prepared by heating 13 pts. 
metabroiiionitrobcnzeno (m. p. 63°), with 50 pts. alcohol (of about 90 per cent.) and 
8 pts. potassium hydroxide ; boiling the product for half an hour after the reaction 
has ceased, then distilling off the alcohol, washing the residual brown-red crystalline 
mass with water or alcohol, to remove a red colouring matter, and rocrystallisiiig it 
from hot alcohol with addition of animal charcoal, or better from boiling crystallisable 
acetic acid containing nitric acid. It forms broad, light-yellow prisms, melting at 
lll°-ir2°, soluble ill ether, glacial acetic achl, carbon sulphide, benzene, and nitro- 
benzene ; volatilises completely when heated; and forms with strong sulplniric acid a 
deep yellow solution, turning blood-red when -warmed (S. Gabriel, Ber. ix. 1405). 

Mctaliy drazodihrnmohenzene^ C'"IP®Br"N", obtained by boiling the preceding 
compound with ammonium sulphide, forms white or faintly reddish thick prisms, 
melting at 107°-109°, easily soluble in ether, benzene, warm alcohol, carbon sulphide, 
and nitroboiizenc. It volatilises without decomposition, and dissolves with yellow 
colour in strong sulphuric acid. The hydrazodibromobenzene which melts at 130° is 
a para- compound. 

When inetahydrazodibromobiuizene is boiled with strong hydrochloric acid till 
complete solution takes place on addition of Avnter, and the solution, after docolorisa- 
tion with animal charcoal, is supersaturated with ammonia, meiadihromohenzidine, 
is obtained in white crystals of rhombic hr, bit, melting at 151'5 ' to 152°, 
easily soluble in hot alcohol, also in ether, benzene, and nitrobenzene, sparingly in 
carbon sulphide. The crystals volatilise ivdicn heated, turning slightly brown. The 
hydrochloride, C*^H“'N*Br^2HCl, forms white crystalline scales. The platinoclUoride 
has tile formula 2(C‘«H>®J}r‘^N‘‘‘.HCl).PtCl‘. 

Azodihromnhenzene, prepared from metahydrazodibromobenzeue 

by oxidation with ferric chloride, or by boiling the alcoholic solution of the same com- 
pound with animal charcoal, crystallises in slender needles with oblique end-faces; 
molts at 125*5° ; volatilises without decomposition; dissolves easily in carbon sul- 
phido, ether, and nitrobenzene, sparingly in alcohol. 

Metuzoxydiiodohenzene, C'-IPI'-ON* prepared by heating 10 pts. iodonitro- 
benzene (m. p, 50^") with 50 pis. alcohol and 8 pts. potassium hydroxide, forma flat 
yellow iioedlos, which volatilise completely when lieated ; they are sparingly soluble 
in cold, easily in hot alcohol, easily also in the other ordinary solvents. Heated to 
100® in a scaled tul)e with alcoholic ammonium sulphide, this compound is converted 
into 7nct((hydrazodiiodobenz(-ne, which molts at 89°-90°, dissolves readily 

in the ordinary solvents, and is decomposed by hydrochloric acid, -with separation of 
iodine. Mctazodiiodolmizene, pr(*pared from the last by oxidation with 

ferric chloride, crystallises in orangc-rod noodles with oblique end-faces ; melts at 
150°; dissolves slightly in alcohol, easily in the other ordinary solvents ; volatilises 
when heat ed (Gabriel, loc. cit,) 

MSTABZABASS, METADOXBBZTE, and METAMEEAPBTRE. 

See Mkiaphyrk (p. 1272). 

METAE8. Formation in Veins . — Elxperiments by St. Meunier (Conipf. rend, 
Ixxxiv. 638) on the reduction of the noble metals by metallic sulphides, tend to show 
that the presence of gold in iron pyrites, and more especially that of silver in galena, 
may be duo to reactions of this kind. AVhen sea-water acts on a. vein of galena, the 
small amount of silver which the water contains may become concentrated in the 
galena. The separation of sulphur which accompanies this ri’action may lead to the 
formation of silver sulphide or to the pcrsulpliuration of the load sulphide. On the 
supposition that the same reaction may bo exerted by sot limn sulphide, Meunier 
suggests that sulphuretted mineral springs may play a certain part in the formation 
of mineral veins. 

On the Electpodeposition of Metals on other JMctals, sec Dingl.pol, J. ccviii. 
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340,466; Jakresh.f. Chem, 1873, 1007.— Centr. 1874, 1680; Dingl poL J. 
ccxi. 74; ccxii. 160, 440; ccxiii. 170, \ Jahnsb. 1874, 1092-1096). On tho 

Coating of Iron with Copper, see p. 1118 of this volume. 

Casting of Metals under reduced Pressure, — To obviate the defects arising from the 
enclosure of air-bubbles between the metal and the surface of the mould, Cumin a. 
Martel (^EnginccringfUeii. 10, 1872; MngL cevii. 269) exhaust this enclosed gas at 
the moment of casting by means of an air-pump. The sides of thf^ mould must, of 
course, be porous enough to give passage to the air. Such moulds may be formed of 
gypsum, mixtures of gypsum with graphite or alum, or of graphite alone. 

Action of Water containing Soap, Athumin, Glycerin, or other Organic Stcbstances, 
on licd-hct Metals. — Metals at a red heat are not suddenly cooled by immersion in 
water containing such substances. When, for example, a reel-hot copper ball is 
plunged into soap-water, the rapid production of steam which would ensue on dipping 
the ball into pure water does not take place. The ball, in fact, continues to glow in 
the soap-solution, and is surrounded by a layer of vapour, the surface of which com- 
pletely reflects the light which falls upon it, so that the copper looks as if it were 
coateil with oxidised silver. On continued immersion, the envelope of vapour gradually 
diminishes, till finally the soapy water comes in contact with the metfil, producing 
an extremely violent burst of vapour (Barett, Monit. scUnt. [3|, iv. 91). 

Colouring of Metals. — This may be effected by means of a solution of 42-.5 grams 
sodium thiosulphate in 450 grams water mixed with a solution of 45*5 lead acetiite in 
226 water. Such a solution, when heated, yields lead sulphide, which, when deposited 
on metals in a thin film, gives them a fine colour. Iron is thereby coloured steel- 
blue ; zinc brown ; brass and bronze gold-yellow ; copper red,*" crimson, chestnut 
brown, light-blue, or reddish-white, according to the temperature of the bath and the 
time of immersion. If the lead acetate be replaced by an equal quantity of sulphuric 
acid, bronze acquires first a red, then a green, and finally a splendid green-red colour 
(Iron, Oct. 1874, 419 ; Dingl. pol. J. eexv. 93). A black colour may be produced on 
copper-alloys and on silver by means of deliquescent platinic chloride rubbed on the 
surface (Weiskopf,* J. eexv. 470). 

MSTAlTBTBOXi-CAnnPBOR, (Perrencud, Liehifs Annalen, clxxxvii. 

63). This substance, discovered by Gerhurdt, is most advantiigeously prepared as 
follows : An intimate mixture of anethol (210 pts.) and zinc chloride (760 pts.), is 
heated in a copper retort, and after a few minutes, when white fumes make their 
appearance in the receiver, a current of super-heated steam is passed over the mixture, 
the operation being continued till about 2 litres of water have been evaporated. Tins 
metanethol-camphor then condenses, together with the aqueous vapours, in the form 
of a dark-coloured crystalline mass, which must be freed from water, washed with 
alcohol containing ether, and recrystallised from hot glacial acetic acid or ether. The 
product amounts to between 6*6 and 10 per cent, of the anethol employed. 

Pure metanethol-camphor forms thin silky needles, felted like asbestos or grouped 
in largo tufts, and exhibiting a fine play of colours in polarised light. It melts at 
132®, boils with partial decomposition at a temperature above 300°, but sublimes 
between 116° and 120°. It does not volatilise with vapour of w'ater at 100°. It 
dissolves very easily in glacial acetic acid at the boiling heat, less easily in hot ether 
or alcohol, readily in chloroform, carbon sulphide, benzene, and strong sulphuric acid, 
sparingly in cold ether, still more s]>aringly in cold alcohol, and is insoluble in water 
and in soda-ley. 

Metanetholcamphor-sulplionic acid, C'®H"O.SO=‘II, is formed when a 
solution of the camphor in 4 to 6 pts. of cold strong sulphuric acid is left to itself for 
some hours. Its calcium salt, prepared from the dilute solution of the acid, and 
purified by rccrystallisation from alcohol, forms lai^e fatty-lustnius rctaugular 
plates, often with rounded edges. They contain water of erystHlli.satiou, which they 
give off with efflorescence on expo.suro to the air. The salt has the composition 
(C'®H"SO*)“Ca + H‘*0 at 120°-130°, and decoinpo.ses at a higher temperature ; it dis- 
solves easily in water and in iiqucous alcohel, less easily in absolute alcohol. The 
barium ««/<, (C'®Il'^OSO*)'‘lbn IPO (at 120°),* cry.stalli.sos in concentric groups of 
thick prisms 1 mm. long, having a strong lustre, and permanent in the air. It dis- 
solves very .‘sparingly in absolute alcuhf)!, somewhat more freely in ordinary alcohol, 
easily in water. The sodium salt forms needle-shaped crystals. The sulphochloride, 
(pojjiiQ v^O‘‘*Cl, prepared from the sodium salt by the action of phosphorus penta- 
chloride, cry. still liscs in tfiick prisms, soluble in ether, glacial acetic acid, and chloro- 
form, and melting at 182°-183°. 

* Dfiduoed from the barium determination (mean 23-!»4 per w-nt.), wiiich, however, a^rrees better 
with the formula of the anhydrous salt (calc. 23'18) than with tliut above given (calc. 22*49). The 
irater was not determined directly. 
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MBTBORITfiS. The following article contains descriptions and analyses of a 
number of meteorites which have been recently examined, and in many cases have 
been actually seen to fall. 

The Meteoric Xrons of the Mesioan Desert. Dauhreellte. J. Lawrence 
Smith (Sifl, Am. J. 1876, [3], xii. 107 ; 1878, [3], xvi. 270) draws attention to the 
newly discovered masses of meteoric iron occurring in tlie region of Mexico called 
the Bolsoii do Mapini, or the Mexican Desert, situated in Cohahuila and Chihuahua, 
two of the northern provinces of the Mexican Republic. In 1854, throe masses were 
described, two of which were convoyed to the United States; in 1868, eight other 
masses were convoyed to the States ; and in 1871 a still larger block was discovered, 
estimated to weigh 3500 kilog., near K1 Para. There is, moreover, some account of a 
mass yet vaster, to.be seen in the very centre of this desolate region. 

It was in one of these irons that Smith found the mineral to which he has 
given the name of dmhroelito. It consists of shiny black particles, more or less scaly 
in structure, not altogether unlike fine particles of molybdenite. The fracture is uneven, 
except in one direction, where there appears to be a cleavage. It is brittle and easily 
pulverised, and is not magnetic. It undergoes but little alteration before the blow- 
pipe, but become.s slightly magnetic. It is cot acted upon in the slightest degree by 
hydrochloric acid, either hot or cold, but dissolves slowly and completely in nitric 
acid, when heated on a water-bath, without any liberation of free sulphur. Its sp. 
gr. is 5 0 1. It consists of chromium scsquisiilphido and iron mouosulphide. The 
analyses gave the following numbers : 



Found 

FeS + Cr-S^ 

Sulphur 

. 43-26 

44-29 

Chromium . 

. 36*38 

36-33 

Iron . 

. . 20-36 

19-38 


100-00 

100-00 


Chantonnay, Dep. de la Vendee, France. August 5, 1812.-^TMrhertnak 
(IVien. Akad. Ber. Ixx. Nov. 1874) finds that the meteorites of Orvinio and Chantonnay 
closely resemble each other iu point of structure. Sections of the latter stone, of 
which representations are given in his paper, show it to bo made up of choudritic 
fragments covered wirh a dark-coloured crust, and cemented together with a black and 
in places somivitreous material. The fragments are not very abundantly provided 
with 8phevule.s, although large ones are occasionally met with. The chondrite of 
this stone diffefs from that of the Orvinio meteorite in conbiining loss iron; a 
.section shows olivine, bronzite, a fibrous translucent material, as well as nickel-irou 
and magnetic pyrites ; no chromite. Fine black veins of a mineral traverse 
the fragments liero and there, and are connected W'ith the cementing material. 
Similar vein.s are noticed in tlie meteorites of Si.ssa, Kakowa, Chateau Renard, 
Alessandria, and Pultusk ; and in the Sissa and Kakowa stones they present the 
appearance as if the meteorite had originally come in contact with a molten material 
which had been injected into the clefts of its surface. Moreover, in the Chantonnay 
stone, clefts arc to bo met with into which the black matter has penetrated to a 
depth of 6 mm. only, altlongli the cleft remains partly open. The black semivitreous 
magma con.sists of au entirely opaque mass, enclosing fiakes of the silicate which 
forms the fragment, as well as occasional spherules. 

Although Raramelsberg, who analysed this stone, docs not describe the physical 
character of the material he operateil on, and did not examine the fragments and the 
cementing material separately, as Tschermak has done in his eyamination of the 
Orvinio meteorite, Tschermak points out that the two stones have much the same 
composition, and differ mainly in the proport.ioii of iron. The characters observed in 
these two meteorites point to the conclusion that they <lid not originally possess their 
present constitution, but that they have attained their jiresent appearance through 
the disintegration of a solid rock-mass and its subsequent cementation with a serai- 
vitreous magma. Though they resemble somewhat the eruptive breccias, they ditfer 
from them in that the meteoric cementing material is less homogeneous, and encloses 
compact flakes of the rock itself. The Chantonnay stone exhibits the fine texture 
observed in some metamorphosed breccia.s. The two stones convey to us evidence 
of changes which must have occurred on the soliil surface of some planet that wag 
subsequently reduced to fragments (see the Orvinio Meteorite, p. 1293). 

The Siderolite of Rlttergg^run : found 1833 {Noi'a Act a d4>r k. hoop. -Carol. 
Beat. Akad. der Natnrforscher. xl. No. 8, 333, Halle, 1878). The examination by 
Winkler of the siderolite of Rittersgrhn, Saxony, shows it to accord very closely iu 
composition with the siderolite of Breiteiibacli in liohomia, examined some years since 
in the Laboratory of the Mineral Department of the British Museum, and strengthens 
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the views expressed at the time that these Iwdies, as well as the meteorite of Steinbach 
in the Erzgebirge, were probably members of the same fall, possibly of the ‘ Eisenregen,’ 
reported by Sarctorius to have fallen * im Meissnischen * at Whitsuntide 1164. 

The Rittersgriin sidorolite was found in 1833 by a workman employed in clearing 
the forest, and otfered for sale as old iron to a smith, but without success ; but in 1861 
it came to the notice of Breithaupt, and was secured for the mineral collection of 
the Bergakademie of Freiberg. Its mean diameter is 0‘43 meter,* and its weight 
86-6 kilog. It has recently been sawn through in Vienna, a troublei^>me and costly 
work extending over two months. An excellent chromolithograph of the surface thus 
exposed was prepared by Prof. Weisbach in 1876, and published with a feAV notes. 

The meshwork of nickel-iron of the siderolite encloses the follow'ing minerals ; 
troilite, Hsmanite, bronzite, and chromite. The metallic portion constitutes about 
51-06 per cent., and the non-metallic ingredients about 48*94 per* cent, of the stone. 
The nickel-iron contains : 

Pe Nl Co Cu P S SI C Asinaniio 

89-990 9 740 0*230 0-035 0-150 0*011 0*066 trace 0*056 = 100-278 

which constituents may bo arranged as follows : 


Nickel iron, Fe®Ni 


. 98-995 

Iron nickel phosphide, (FeNiVP 

. 0-293 

Iron phosphide, Fo*P 


. 0-539 

Iron silicide, Fe'-Si . 


. 0-330 

Iron sulphide . 


. 0-030 

Iron carbide 


. . . trace 

Copper 


. 0-035 

Asmanite . 


. 0-056 



100-278 


The dron sulphide, regarded as troilite or monosulphido, when in the form of 
pieces, is not acted upon by the magnet, and wlnm in the state of powder, hut slightly 
so. The ratios of iron to sulphur in troi’lito ami in magnetic pyrites differ in so small 
a degree that the analytical results do not always set the question at re.st. Moreover 
it is a question wdiether the meteoric sulphide, associated as it is with nickel-iron, 
does not contain some of that metal as an ingredient. The numbers obhiined in these 
analyses are as follows : 



Calcnlatnd 

I 

Found 

II 

ITI 

Iron 

. 63-63 

65-87 

63-58 

63-00 

Nickel . 

. . — 

1-40 



1-02 

Sulphur 

. 36-37 

34-27 

36-42 

35-27 

Silicic acid . 

. . — 

— 

— 

0-67 


100-00 

101-54 

100-00 

99-96 


The ji.smanit .0 appears to have the density of 2-274 — 2-278, and the following 
composition : 


Silica 

I 

. 95-77* 

IT 

97 84 

Ferric oxide . . . . 

3-16 

1-65 

Lime and magnesia . 

. . trace 


Loss on ignition 

. 1-07 

1-01 


100-00 

100-50 


As regards the crystalline form of this mineral, Weisbach considers that the recent 
researches of Schuster and of von Lasaulx have placed almo.st beyond doubt the 
identity of tridymite and asmanite. It occurred to Winkler that the relative solu- 
bility of tridymite and asmanite in .pothsh-solution should be determined, and in as 
nearly possible parallel experiments as could be devised, and it was found that of tridy- 
mite from Siebenburgen 49-63 parts, and of the asmanite of the sidorolite from Ritters- 
griin 43*88 parts were dissolved. 

The bronzite, the most important of the non-metallic minerals, was obtained in a 
pure state with comparative ease. It is but slightly affected by tlie blowpipe, and is 
not acted upon by acids, with the exception of hydrogen fluoride. Its sp. gr. is 3*310. 
It has the following composition : 


• By djffcreiico. 
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I 

II 

ITI 

Silicic acid 


57-27 

56*56 

66-66 

Alumina . 


2-28 

2*06 

2*04 

Ferrous oxide . 


3009 

10-74 

10*09 

Manganous oxide 


0*41 

0-42 

0*56 

Magnesia 


24*78 

25-13 

25*59 

Lime 


1*77 

2-62 

1-66 

Soda 


. not deter. 

1-42 

1-43 

Chromite 


0*94 

0-98 

0-98 



98*44 

99-83 

08-90 


No trace of olivine was met with in this meteorite. 

Heated in a vacuum, it lost 0 23 per cent, of its weight, and the gas evolved 
took fire, hut was so small in (luantity that it could not be further examined. The 
meteorite possesses the ‘ernsi, of fusion* in a well-developed form; it is of about the 
thickness of a piece of paper, and close under it are found the mixtures of the 
minerals troilito, asmanite, and bronzite of an unaltered light brown colour, al- 
though they turn de(!p black when raised to a temperature slightly above that at 
which lead melts. 

Grosnaja* Banks of tlie Terek, Caucasus. .Tunc 28, 1861, 7 a.m. {Mincrahg. 
vnd PtirographiscJien MiUheihmgen^ 1877, 153).- Some sixteen years ago A hi ch sent 
a description of this fall to G. Hose in Berlin. It appears that most of the stones 
fell into the Terek ; one, however, which resembles a colossal hailstone, penetrated 
the ground to the depth of Ij feet, and was taken out while still warm. The cmet 
was to a considerable extent removed ; the density of the stone is 3*7. A report 
by the military authorities has recently been prepared, and it appears in Tschermak's 
paper, together with his notes on an examination of the stones. 

The fall appears to have been attended with a great deal of noise, like the firing of 
cannon followed by a fusiladc. The stone secured fell within 30 paces of the bank of 
the Torek. When taken out, it w’as found to weigh in all 10 lijs. Many heard a 
second sound, as though the meteorite hurst twice in its descent through the atino- 
spliero, and the noise attending the fall was heard 8 versts distant on Iho other side of 
the Terek. The water fizzed jnsl. as it would if brought in contact with a heated iron. 

A system of cracks and fissures arrayed like the branches of a tree traverse 
the stone, giving the impression that they are the result of the blow which it 
received on its fall. The colour is blackish-groy with bright points. There 
are many enclosed mineral particles, some almost invisible, others 1 cm. across, tlio 
greater part having a diameter of less than 2 mm. The matrix is black and opaque, 
even when viewed in microscopic section, and many of the enclosed particles are 
opaque or only translucent in points. Most of these, how’ever, are transparent, and 
the majority have a circular or roumled outline. Five distinct ingredients could be 
distinguished. "J'he first is a clear greenish mineral, witli incomplete cleavage along 
two directions, perpendicular to each other, and identified as olivine. A second in 
round tough spherules, brownish in hue, and not numerous, with a finely foliated or 
finely fibrous structure, was found to be bronzite. Enclosed particles are sometimes 
made up of these two minerals, sometimes, but not very frequently, of them together 
with a third silicate in long greenish prisms, wliich have tlie appearance and angles of 
Hiigite. The meteorite also contains some magnetic pyrites (troiTite ?), a very little 
nickel-iron, and perhaps a little carbon, to which tlie dark hue of the matrix is due. 

Two peculiarities observed in several chondritic meteorites are noticeable in this 
one. The first is the occun’cnco of a crust on tlie bronzite spherules possessing fibrous 
structure. This crust is thin, and is distinguished from the enclosed material by its 
paler colour; it has the same fibrous structure, doubly refractive power, and, in fact, 
18 optically orientated like the enclosed silicate. It appears to have been produced. by 
some agent acting from without, perhaps heat in conjunction with a reducing gas. The 
agent has not cansed fusion, hut a slight modification of the texture of the surface. 
The second peculiarity is the distribution in zones of the magnetic pyrites in many of 
the granular enclosed masses. When a section is examined by reflected light, it is 
found that many of these masses are apparently surrounded by a crust of the sul- 
phide ; in others it occupies the centre of the mass, in all cases apparently filling 
up interstices. It seems as if the sulphide had impregnated the rocky mass, and 
the absence of all magnetic pyriti s in ..he veiy compact enclosed particles, and the 
tough fibrous bronzite cliondra, (;oiifirms this view. It is believed that this impreg- 
nation took place after the enclosed mineral particles attained their present form, 
and the only explanation which can be suggested is that this must have happened 
while the whole tufaceous mass was strongly heated. The enclosed granules coming 
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in contact with fused maf^netic pyrites must have drawn it into the fine fissures 
and interstices, in some instances into the cavities of the granules themselves. This 
implies the existence of two definite stages in the formation of those and similar 
chondritic structures : first, the production of the oliviiious tuff by the splittinsr and 
attrition of the rock when the tougher particles are rolled and rubbed together till they 
have a roundish or splierular form ; and secondly a subsequent application of heat to 
tho tuff, .iccompanie4 not unfrequently by the reducing action of gases knd vapours. 

The stone consists of : *■ 

SiO“ APO* FeO CiiO MgO K*0 Na“0 C H Magnetic pyrites 
33-7S 3*44 28-8(i 3*22 23 65 0*30 0*63 0-68 0 1 7 6-37 = 100 

Olivine appears to be the prevailing silicate of the meteorite. In addition to 
bronzite there appears to be a little augite and felspar. 

Roda» Province of Buesca« Spain. Spring of 1871 {CompU rend. Ixxix. 
1507 and 1609). — This stone fell at a spot two kilometers from Roda ; tho exact date 
of its fall is not known. It is covered with a black crust ; the interior is ashy-grey 
with greenish grains resembling peridote, some several mm. in diameter, scattered 
throughout the mass. The grey surface is, however, not of a unlfnrm tint, but 
presents two irregularly-shaped areas, one grey, the other yelloudsli-grey. The 
st<mo is very friable. Before the blowpipe it is fusible, becoming black an«I feebly 
magnetic. 

Only 14’75 per cent, of tho stone is acted upon by acid, the portion unacted upon 
amounting to 85*97 per cent. Below arc given, in addition to the composition of the con- 
stituents separated by acid, tho n sults of an analysis of the minerals constituting the 
mass of the stone : 

SiO* APO‘ Cr»0» FeO CaO MgO K“0 Na“0 S 

A. Soluble. 38*85 4*81 — 24*27 8*21 23*86 -I — « 100*00 

B. Insoluble. 52*93 1*95 0*39 16*29 1*92 26-62 -- — * 100 00 

C. Total. 51-51 2*30 0*34 17*04 2-31 26-61 0 80 0*40 « 101-31 

Tho soluble portion appears to be an iron olivints mixed probably with a little 
anorthite; the insoluble portion, consists chiefly of bronzite, or, according to Pisani, 
probably liypcrsthene, with the specific gravity of which mineral that of the meteorite 
more closely accords. The sulphur and chromium arc, it is presumed, present as 
magnetic pyrites and chromite ; no nickel whatever was detected. 

The yellowish grains ar(' very slightly attacked by acid, only 6 per cent, being 
soluble in that reagent. Their composition proved to be : 


Silica 



. 61-10 

27-3 

Alumina . 

, . 


. 2*83 

1*3 

Ferrous oxide . 

, , 


. 27*70 

11*1 

Magnesia 

• 

• 

. 17'20 

?-8 




98-83 



These numbers indicate, according to Pisani’s view, the presence of a hypersthene 
rather than a bronzite, a hypersthene richer in iron than that of Fersmid, Norway. 
The ratio of iron oxide to magnesia is the same as that of the bronzitesof the Hainbolz, 
Shalka, Borkut, and several other stones. 

On some grains of the mineral a well-marked cleavage was distinguished along one 
direction ; in others a disposition to cleave along a second direction was remurke(l ; on 
examining such fragments in the polarising micro.scope, however, one of the optii; axes 
was almost always seen, while the other is invisible. The angle of tho optic axes, as 
measured in oil, was approximately determined, making 2H 104°, The bisectrix is 
negative ; but whether it was the acute or obtuse bisectrix was not determined. 

Daubrdo’s examination points to the chief constituent of this stone being lironzito 
ratber than hypersthene. The absence of diehroYsm, tho frequent occurrence of the 
right angle in the contour of the crystals, and the fineness of the striae peculiar to 
bronzite. were noticed. Magnified 800 diameters, most of the crysfcils are seen to 
enclose yellowisli-brown rarely translucent matter with very varied contour, and occa- 
sionally with a crystalline form, that of a modified oblique prism, which is that of 
pyroxene. They are ranged in rectilinear series, which .ire not always orientated 
paniUel to the axes of the crystal. The Roda meteorite, with the single exception 
that it contains no iron, hcj^rs a great likeness to the meteorite of Lodran (1868, Oc- 
tober 1), and establishes a new iii)k between costnical roeks and those ]>(?longing to 
our planet. If, says Danbree, we were tx) refuse to admit the testimony of those who 
affirm that they witnessed the fall of this fragment of rock, the characters of its crust 
would fully attest its co.smical origin. 
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Orrlnlo (formerly Canemorto), near Some. 1872, August 31, 5.15 a.m. 

(Cornet, rend. Ixxv. 655 ; G. S. Ferrari, liicerche Jisico-astrononiische intorno alt 
Uranolito caduto nelV Romo, Tip. Bel. Arti. 1873; P. Keller, ^ogg. 

Ann, cl. 171 ; Min. Mitth. 1874, 258 ; M. Le Chev. Michel-Etienne de Rossi aiid G. 
Bellucci, Atti det Acc. pontif. di Nuovi Lincei, 1873 ; Les M&ndes^ Dec. 25, 1873 ; L. 
Sipocz, Min. Mitth. 1874, 244 ; G. Tschermak, Sits. Ak. JViss. Wien. Ixx. Novem. 
1874). A meteor was seen at daybreak in the provinces of Rome, Umbria, Abruzzo, 
and Terra dl Lavoro. It resembled a large red star, increasing in brilliancy 
as it travelled northwards, and leaving a white train. Two reports were lieard, the 
second over Orvinio, whore the greater part of the stone fell. Six fragments were 
found, weighing collectively 3*396 kilog. In September 1873 two more small frag- 
ments wore hoard of at Anticoli Gorradi. 

The mass of the stone is of a lead-grey colour; the ground-mass appears to be 
made up of two minerals, one clear and uniform, the other dull and less homogeneous. 
The stone acts powerfully on the magnet. 

In the paper of M. le Chevalier Michel-Etienne de Rossi analyses of the stone 
are given, according to which it contains 16*84 per cent, of alumina and some arsenic. 
This is far in excess of that found in any other meteorite, and in the absence of a second 
and confirmatory analysis may be assumed to consist in part of magnesia thrown down 
with the alumina through the employment of insufficient ammonium chloride. The 
occurrence of arsenic is of extreme rarity ; it is stated to be present in the iron of 
Braunau and the olivine of the Atacama meteorite. 

Tschermak finds, on cutting this stone, that its structure is unusual and remarkable, 
consisting of lightrcolourcd fragments (I) surrounded by a compact dark cementing 
material (II). The former are yellowish-grey, enclose spherules and particles of iron 
and miignetic pyrites, and are in fact normal chondrite, and resemble the mass of the 
stone which fell at Seres, Macedonia (Juno 1818). The latter enclose numerous 
particles of iron and magnetic pyrites, for the most part uniformly distributed ; the 
portion nearest the enclosed fragments bears very distinct indications of having been 
at one time fiuid, and conveys the impression thait this cementing material was at one 
time in a plastic condition while in motion. Both parts ^havo nearly the same density, 
and apparently the same chemical composition and mineral characteristics. The 
Orvinio stone resembles certain brecciated volcanic rocks, which consist of a ground- 
mass through w’hich granular fragments of the same rock arc distributed, as when 
older crystalline lavas are interpenetrated by others more compact and of a more 
recent date. 

The meteoric rocks possessing chondritic structure are regarded by Tschermak as 
tufas which have undergone detrition, and their spherules as particles which, by 
their superior toughness, have acquired a rounded form during the trituration of the 
rock, instead of breaking up into splinters. 

The dark-coloured cementing material contains two ingredients : an opaque semi- 
vitreous constituent, and particles in every way similar to the dark crust of the 
fragments from which they may probably have been detached ; many of them can 
still be recognised as olivine and bronzito. 

The two species of rock, the chondritic fragments with the sp. gr. 3*675 (I), and the 
darker cementing material, with tho sp. gr. 3*600 (II), have the following composition : 

SiO* Cr*0» FcO MgO CaO Na»0 K“0 Fe Ni S 

1.38*01 2*22 trace 6*55 24*11 2*33 1*46 0*31 22*34 2*15 1 94=101*42 

11.36*82 2*31 trace 9*41 21*69 2*31 0*96 0*26 22 11 3*04 2*04 = 100*95 

These analyses establish the similarity in composition of tho two portions. 

Castralta, XTasb County^ N*. Carolina {Sill. Am. J. [3], viii. 147). May 14, 
1874, 2.30 p.M. — A dozen or more stones fell, and although tho fall took place by day, 
a luminous meteor w*as observed. The area over which the fragments fell was 
ten miles long by three wide. Three stones weighing 7*3 kilog. were found. 
The colour of the interior is in many parts a dark grey, owing to the presence of a 
large amount of nickel-iron ; in the lighter portions are seen some white spots of a 
mineral which is doubtless enstatito. 


The metallic part, 15*21 per cent., consists of : 



Iron = 92* 

12; nickel 

= 6*20; 

cobalt =» 0*41 

« 98*73 

and tho siliceous 

portions : 







BiO» 

A1"0- 

FeO 

MrO 

Na*0 

s 

A. Soluble 

. 38*01 

0*46 

17*51 

41*27 

— 

1*01 ^ 98*26 

B. Insoluble . 

. 52*61 

4*80 

13*21 

27'31 

1*38 

— = 9931 


The soluble silicate is an olivine in which the ratio of MgO to FeO is about 4:1; 
the insoluble part is a bronzite ; and in addition to the minerals already mentioned. 
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the presence in the Castralia stones of small amounts of iron sulphide and anorthite 
was recognised. 

Iowa County, State of Zowa Am, J, ix. 459 ; z. 44, 206, 357 ; zi. 
253). February 12, 1875; 10.30 a.m. (Chicago time).— ./io Account of the Detonating 
Meteor of February .12, 1875, by 0. W. Irish, Iowa City, 1875; Delafontaine, 
liihliothique Universelk, Oct. 1875, 188; Q A. Daubr^e, 1875 (Nos. 105- 

122); G. W. Giinibel, Munch. Akad. Ber. 1875, v. 313. A great number of large 
stones fell on this occasion, weighing in all 700 lbs., the largest beiftg 120 lbs. in 
weight. Some passed so near the earth’s surface that they clipped off the branches of 
trees. Three separate explosions of the fire-ball were noticed while still in view, 
and about two or three minutes after it had disiippeared, three reports, resembling the 
discharge of the blast of a quarry, were heard. 

The stones have the usual black crust. A preliminary chemical examination 
showed them to contain ; 

Nickel-iron = 12*53; troHite = 5 82; silicates =- 81*64 = 100*00 

The nickel-iron consists of : 

Iron = 89*04; nickel = 10*35; cobalt = 0*54 = 99*93 

with traces of copper, phosphorus, and sulphur. The silicate contains iron, ferrous 
oxide, alumina, magnesia, and soda, with traces of lithia and poUsh, and is very 
similar in compjsition to a largo class of meteorites nofcibly represented by the stones 
which fell at Vouille (May 31, 1831), and Aumale, Algeria (August 25, 1865). 

A. W. Wright collected and analysed the gases contained in this meteorite and 
arrived at the following results .* , 



I 

II 

III 

Below 

IV 

At low 

V 

At full 

Carbon dioxide . 

At 100° 

At 250® 

reil-hoat 

red-heat 

riid-hoat 

. 95*46 

92*32 

42*27 

36*82 

5*56 

Carbon monoxide 

. 0*00 (?) 

1*82 

5*11 

0*49 

0-00 

Hydrogen . 

; 4*54 

5*86 

48*06 

58*51 

87*63 

Nitrogen (calculated), . 

. 000 

0*00 

4*56 

5*18 

6-91 


100*00 

100*00 

100*00 

10000 

100*00 


The reader is referred to the Amer, Jour, Sc. for the papers subsequently published 
by Mallet and Wright on the question of the conditions under which gases are occluded 
by meteorites. 

Prof. Giimbol finds the crust of this meteorite to possess a deep bottle-green or 
browni.sh-rod colour, and to exhibit in polarised light all the characters of an amorphous 
vitreous mass. The composition of the stone, according to his analysis, is : 


Meteoric iron . , . . 


. 12-32 

Troilite 


. 6-25 

Silicate, decomposed by acid 


. 48-11 

Silicate, not acted upon by acid . 

• 

. 34*32 



100*00 


The silicate decomposed by .icid is an olivine, havi^ the formula 2(§MgOiFeO),SiO*, 
and the insoluble silicate gave the oxygen ratios: Silicic acid = 2968; bases = 10*92! 
It appears not improbable that the silicate in this case was not completely decomposed 
during fusion. A plate accompanying Gumbers paper shows a microscopic s^ion 
of the meteorite ezhibiting olivine, augite, meteoric iron, chromite, troilite, particles 
of a reddish hue which resemble garnet, but refracting light doubly, and possessing 
optical characters which will not allow of their being identified with nosean ; also 
chondra showing fibrous, radiate, and granular structure, as well as others which 
evidently consist of olivine, and some which are opaque and finely granular. The 
meteoric iron has a hackly angular, structure, and such an appearance as it would 
present if reduced to the metallic stiite in the position which it at present occupies. 

Zsadiny, Temeuvitr, the Banat, Bongary. March 31, 1876 {EgyethtU h 
Magyar Ujsag, April and Jiine, 1875 ; Verhand. NcUurhis. Med. Vereins zu Heidelberq, 
1878, ii. Heft. 2).— No meteor was seen ; a sound as of platoon -firing was heard ; and 
a small shower of black stones fell, some of which were cold when picked up. Sixteen 
stones in all were found, haying an aggregate weight of 400 grams. 

The finely-grained light-^ey matrix encloses granules of magnetic pyrites (troilite ?), 
granules and plates of nickel-iron, and numerous dark-grey crystalline spherules! 
averaging J mm. in diameter ; one little sphere had a breadth of 3^ mm. They had 
nn excentne-radiate or contnrted-radiate structure. A freshly broken surface of the 
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stone is studded with these chondra, and they are easily removed from the matrix. 
As regards their mineralogical aspect, the spherules are found to bo of two kinds. 
One consists of small prisms of a rhombic mineral which has all the appearance of a 
variety of enstatite ; others are found to possess the characters of olivine. An accessory 
mineral, transparent, pure, and with well-defined edges, diflTers from the rhombic 
augite in exhibiting no cleavage fissures, from olivine by the smoothness of its polished 
exterior, and fioiu both of them by exhibiting distinct pleochroisni with absorption, 
one tone being ^mlourloss, the other pale-red with a faint tinge of brown. It appears 
to be rhombic, and shows a close resemblance to a variety of hypersthene found by 
Cohen in a gabbro from 8. Africa. The Zsadany stone resembles those which fell on 
dilF(5reiit occasions at Lance, Gopalpur, and Pultusk. 

The portions soluble and insoluble in acid hare the following composition : 


Silica 
Alumina 
Iron oxide 
Lime . 
Magnesia 


Soluble portion 
. 44*66 
. trace 
. 17-54 
. trace 
. 37-90 


Insoluble portion 

56-71 

2*32 

13*21 

1*77 

26*99 


10000 


100*00 


The stones appear to consist to the extent of throe-fourths of a bronzite, the remaining 
fourth being an olivine in which the equivalents of MgO : FoO are as 3*89 ; 1, or 
approximately that which is often met with in meteoric olivines. 

Feld-Cbalri Corde de la Calle, Constantine. August 16, 1875 (about noon) 
{Compt. rend. 1877, Ixxxiv. 70). — This meteorite fell at a spot named Foid-Chair, 
about 30 kilometers from La Calle, the descent being attended with the customary 
luminous appearance. It weighs 380 grams; all search to discover other stones 
proved of no avail. The stone has a black crust and a grey interior, in which particles 
of nickel-iron and troilite are imbedded. Spherules are recognised, but the matrix 
likewise exhibits n brecciated structure ; grains of a dull black hue are also distributed 
through the mas.s. The Feid-Chair meteorite closely resembles the stones which fell 
at La BalFe (Sept. 13, 1822), Heredia, Costa Kica (April 1, 1857), Canollas, near 
Barcelona (May 14, 1861), and Khetree, Kajpootana (Jan. 19, 1867). 

Rowton, near Wellington, Sbropsbire. April 20, 1870 ; 3*40 p.m. — A 

block of meteoric iron, weighing 7 J lbs., was seen to fall at this place. Rain was 
falling heavily at the time, when a strange rumbling noise was heard, followed by a 
startling explosion like a discharge of heavy artillery, audible over an area several 
miles in extent among the neighbouring villages of Sliropshiro. The iron was found 
al)Out an hour later; the hole it had made was probed, and it was discovered about 
18 indies below the surface. The hole was nearly perpendicular, the meteorite having 
entered the gniund nlmost vertically in a N.AV to S.E direction, and when found it 
Avns quite warm. The mass is irregubirly angular, and except at the point where it 
struck tho ground, it is covered with a thin pellicle of magnetic oxide of iron. It was 
presented by the Duke of Cleveland to the Brici.sh Museum. It i.s only tho seventh 
aerosiderite, or meteoric iron, the fall of which has been witnessed, although upwarils 
of a hundred iron masses have been discovered in different parts of the globe, which 
are undoubtedly meteoric, and two such liavo been found in Groat Britain. 

No analy.sis of this iron lias yet been published. 

Vavllovka, Gov. Cberson, Russia. 1876, June {Mem. de la Soc, 
nation, des Scienves vat. de Cherbourg, xxi. 205).-- -It appears that at this time a large 
numb(»p of stones fell, and a noise as of thunder was heard. A stone examined by 
li. Prendal bad a black eiaist 0* 6-1*0 mm. thick, and a number of irregular and pro- 
minent bands. A cut section showed under a glass a fine-grained grey mass through 
which numberless white spots with angular boundaries are distributed. This meteor- 
ite is so brittle that the preparat ion of sections was attended with great difficulty. 
Tho metallic constituents are particles of nickel-iron distributed throughout the mass 
of the stone, and grains of a sulphide which are not magnetic. The specific gravity of 
this meteorite is 3*51, and an analysis by K. Prendal shows it to contain : 

Iron 

SIO* Fe*0* A1»0» CaO IkfgO Alkalieg Biilphido Ni 

63*81 9*41 8*76 2*07 18*54 1*14 -5*26 0*70 = 99*68 

These numbers throw but little light on the minute constitution of the stone. It is 
to be classed with the chondrites. 

Stftlldalen, near Ropparbergr, 6rebroliln, Sweden. June 28. 1876 ; 11.50 
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A.M. (Foredrag i Mineralogi vid Akademiem drshogtid den 3 Aprill^ 1877 ; AftonMadets 
Artiebolags Tryckeriy Stockholm, 1877 ; Idaturey July 19, 1877 ; Oforsigt af Kmgl, 
Vctenskaps Akad, Forkandl. 1877, No. 4, p. 36). A meteor traversed the greater 
part of CeDtral Sweden in a W.N.W direction, and was plainly visible in very bright 
sunshine. A loud whistling noise was heard, followed by two sharp reports and 
others less loud resembling thunder. The fall of the meteorites was witnessed by 
eight or ten persons. The largest weighs 4J skalpund (1 lb. av. r068 Itt. or 
skalpund). Stiilldalen is a station on the Swedish Central Railway.' Some of the 
meteorites which fell into the water were lost. The total number of stones found is 
eleven, and they weigh collectively 34 kilog. Lindstriim finds the total composition of 
one of these stones to be : 


Silica 

. 35*71 

Soda . 

. 0*62 

Phosphoric acid 

. 0*30 

Pottish 

0*16 

Alumina . 

. 2*11 

Iron . 

. . . . 21*10 

Chromium oxide 

. 0*40 

Nickel 

. 1*61 

Ferrous oxide . 

. 10*29 

Cobalt 

. 0*17 

Manganous oxide 

. 0*25 

Phosphorus 

. 0*01 

Nickel monoxide 

. 0*20 

Sulphur . 

. 2*27 

Lime. 

. 1*61 

Chlorine . 

. 0*04 

Magnesia . 

. 23*16 


100*00 


Of these ingredients, 4*51 per cent, constitute magnetic pyrites (?), and 14*85 per 
cent, nickel-iron, the composition of which appears to bo : 

Fc Ni Co P 

90*78 8*29 0*88 0*05 = 100*00 

The portions (I) gelatinisable with and (II) unacted upon l)y acid have the following 
composition : 

SiO» P»0* APO* FeO NiO MnO CaO MgO Na^O K®0 Cl 

I. 36*76 0*83 0*13 2035 0*60 — 0*64 40*47 0*18 016 0 13 = 100*25 

II. 67-37 0-07 6-07 8*03 -- 0*63 3*41 23*54 1*38 0*23 — = 99 73 

In the soluble portion the oxygen>ratio of acids to bases is 20*08 : 21*16, and in the 
insoluble part 30*64 : 1 5*08. In addition to olivine and bronzito, this meteorite appears 
to contain an insoluble felspar aiid a little apatite. 

Xocliester. Indiana. 1876, December 21, 9 p.m. (Sill. Am. J. [3], xiv. 219). — 
The course of this meteor w’as studied by Professor Kirkwood of Bloomington, Indiana, 
who considers the length of its observed track to be from 1000 to 1100 miles, one of 
the longest on record. Its height is supposed to have been 38 miles above the place 
where the fragment preserved fell from it. In various parts of its track it threw off 
fragments, accompanied with the usual rumbling noise. ‘ The pyrotechnic display is 
said to have been transcendently beautiful, hardly equalled or surpassed by any pre- 
vious occurrence of the kind.’ The only fragment preserved fell at Rochester and 
rebounded, falling finally on the surface without penetrating it. ' It is of the piso- 
litic variety, very friable, of a grey colour, easily crushed under the fingers into light 
powder and small globules, some of them perfectly spherical, of which the writer 
has some specimens 2 mm. in diameter.’ It resombles the Aussun stone. The crust 
is dull black and quite rough. The composition of 1 1n* .stone appears to be approxi- 


mately : 

Bronzite and pyroxene minerals 46*00 

Olivine minerals 41*00 

Nickel-iron 10*00 

Troilite 3*00 

Chromite 0*15 

and that of the portion soluble (I) 47*80 per cent., and insoluble in acid (II) 52*20 per 
cent. : 

SIO* PeO A1»0* CaO MgO Cr»0* Na“0 

I. 34*55 27-75 — — 36*38 — 0*46 = 99*14 

II. 67*81 11*04 0*23 5*31 24*97 0*10 0*84 « 100*30 


The spherules were isolated and examined ; they contained 46*80 per cent, soluble 
silicate, and 53*20 insoluble silicate, the magnesia in the soluble part amounting to 
34*48 per cent. ; they are cbnsequently merely concretions of the matrix of the stone. 
The nickel-iron contained : 

Iron = 94*49; Nickel = 4*12; Cobalt = 0*61 -99*12 

Warrenton, MtMoaii. 1877, January 3 (about sunrise) (Sill, Am, J. [3], 
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xiv. 222).-^A sound was heard like the whistle of a locomotive, or like the passage of 
a cannon-ball through the air; it came from the north-west, and became buder 
and louder to four observers stationed at Warrenton. On looking up they saw a 
falling object strike a tree, breaking off the limbs and then coming to the ground 
with a crash. The stone was broken in pieces. It was supposed to have had a conical 
form and a length of 18 inches ; the weight was estimated at 100 lbs., but only 10 
to 15 lbs. weight of the fragments have been saved. No explosion or luminous 
phenomena were observed. It most closely resembles the Ornans stone (.July 11, 
1868). Its crust has an unusual thickness, being in places 2^ to 3^ mm. thick. The 
interior of the stone has a very dark uniform ash colour; it is soft and easily 
crushed, and has a specific gravity of 3*47. 

The ratio of the constituent minerals is : 


Olivine minerals 76*00 

lironzi to and pyroxene minerals 18*00 

Nickel-iron 2*00 

Troilito 3*50 

Chromite 0*60 

80*40 per cent, of silicate is soluble in acid and has the composition under I; 19*60 per 
cent, of silicate, being insoluble in acid ; it is given under II. 

SiO" FeO* AFO* CaO MgO Na“0 NiO CoO Cr*0* 

I. Soluble. 33*02 37*67 0*12 trace 28*41 0*07 1*54 0-31 — -- 101*04 

II. Insoluble. 56*90 10*20 0*20 7*62 22*41 1*00 — — 0*33 = 97*66 

The nickel-iron contains : 

Iron = 88*61 ; Nickel = 10*21 ; Cobalt = 0*60 =» 99*32 


Cynthlana, Kentucky. 1877t January 23, 4 p.m. (Sill. Am. J. [3], xiv. 224). 
A brilliant meteor was seen traversing Monroe County, Indiana, in a south-easterly 
direction ; it was also observed at Decatur County, of the same state. The meteorite 
fell about sixty miles distant from these places, and appeared to descend almo.st 
vertically, acconipanied with the usual noises. One mass was seen to fall, and was 
dug out of a hole thirteen inches deep. This stone is wedge-shaped, with one 
portion of it very exton.sivoly and regularly pitted, the rest being smooth. ' The crust 
iH dull-black and jmrfect as when it fell. The stone weighs six kilogrtims ; it is of 
the harder brecciated A^ariety, and when broken presents a mottled surface identical 
with that of the Parnollec stone, which it resembles in every respect, even in density, 
which ill both cases is 3*41. The constituent minerals of the meteorite appear to be : 

Olivine minerals 50*00 

llronzito and pyroxene minerals 30*00 

Nickel-iron 6*00 

Troiiite 5*50 

Chromite 0*52 

The silicates soluble in acid form 56*50 per cent, of the total silicates, and possess the 
composition given under I ; those insoluble in acid amount to 43*50 per cent., and 
are given under II : 

SIO* FeO CaO MgO Na*0 Cr»0> 

I. Soluble. 33*65 30*83 0*11 trace 34*61 _ __ = 99*20 

II. Insoluble. 57*60 11*42 0*43 6*70 23*97 1*24 0*38 - 100*74 

The nickel- iron forming 6*93 per cent, of the meteorite consists of : 

Iron = 90*64; Nickel = 8*36; Cobalt = 0*73 = 99*72 

Bungen, between Stelntaelm and Borsdorf, Province Oberbeseen. 

1877, May 17, 7 a.m. (Min. Mitth. 1877, 313). — An eyewitness of the fall of one of 
these meteorites states that, as he was passing through a wood, he heard a noise as of 
thunder, followed by a humming, hissing, whistling sound, such as would be caused 
by a number of stones quickly rushing among trees. One struck a pine tree close to 
him, severed a branch about the thickness of the finger, and fell at his feet. Buchner 
vi.sitcd the spot five months later, and found a second stone weighing 26 grams. 
The first weighed 86 grams. The descent of the meteorite took place in the direction 
from north-west to south-east. The crust of this stone is dull black and thin ; the 
fractured surface displays a grey, occasionally brown matrix, traversed by a very thin 
but very conspicuous brilliant black band of material; it runs obliquely to the 
flattened side of the stone, and is also found in the smaller mass picked up five months 

VoL. VIII. 4 P 
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later, whidi eTidently never formed part of tliia larger meteorite. On part of the 
fractured surface of the laiger stone a second black line, parallel to the first but less 
brilliant, is seen. Abundant particles of nickel-iron and troilite are met with ; the 
crust appears to consist, to the extent of one half, of the metallic alloy. The ground- 
mass appears to bo olivino ; some olivine spherules are conspicuous, surrounded by 
the black material or by nickel-iron ; other chondra have a banded' or radiated struc- 
ture, as in the stones of Shorgotty or Gopalpur, and appear to bebrcfizite ; and lastly 
there are spherules of a homogeneous grey translucent substance, deiioid of or rarely 
traversed by fissures. 

According to Tschermak’s examination of the smaller stone, it approaches closely 
in its character to the Pultusk meteorites. The black crust has the unusual thickness 
of 1*5 mm., and encloses nickel- iron, magnetic pyrites (troilite?), and even lustreless 
chondra which may consist of chromite or picotite. Tscherniak also determined the 
presence of granules of olivine, bronzite, and diallage, for such he believes to be the 
brown mineral, forming angular fragments, which are found not to be rhombic and to 
resemble an augito. 

Cronstadt, Orange River Free State, Soutb Africa. 1877i June. — A 
shower of stones fell near Cronstadt in Juno 1877, in a wooded district, so that few 
could bo collected. One of them is preserved in the British Museum. 

Soko-Banja, ir.B. of Alezinatz, Servia. 1878, October 13, about 2 p.m. 
{Verhandl, der h. geolog. Reichsanstatt, 1877, 328; Dent. Chem. Ges. Ber. 1878, 
xi. 96). — Two explosions, like salvoes of artillery, wore heard, accompanied by a 
brilliant display of light, such as attends the bursting of shells. This noise lasted some 
time, and was followed by a SQund resembling the firing of musketry. Soon after the ex- 
plosionsa numborof meteorites fell to the ground, over an area 1^ mile in length and half 
a mile in breadth. The total weight of material which fell amounted to 80 kilograms. 

All the meteorites are covered with a black rough vitreous crust O’o mm. in thick- 
ness, and exhibiting numerous depressions ; the interior consists of spherules of various 
sizes, some brown, some yellow, cemented together by an ash-grey material, and pre- 
sents the appearance of a trachytic lava. The sp. gr. of the stone is 3*502. The 


meteorite consists of : 

I n 

Nickel-iron . . , .3*8 3*7 

Silicates 96*2 06*3 

100*0 100*0 

A fragment of nickel-iron was found to consist of : 

Iron = 78*13; Nickel = 21*70; Copper = 0*17 - 100*00 


This is a high percentage of nickel; the ratio of the metals is Fe : Ni = 4 : 1. The 
iron sulphide is monosulphide containing 63*84 per cent, of iron; theory requires 
63*64 per cent. The portion acted upon by acid (I) and withstanding that reagent 
(11) consisted of : 



I 

TT 

Silicic acid 

. 32*24 

56*66 

Iron protoxide. 

. 28*41 

23*55 

Manganese oxide 

. 0*20 

0*003 

Magnesia .... 

. 30*53 

20*84 

Soda .... 

. 0*43 

-- 

Potash .... 

. 0*09 

— 

Iron .... 

. 0*70 

— 

Nickel .... 

. 0*17 

— 

Iron monosulphido = 6*78 

5Fo = 4*31 
* ) S = 2*47 

— 

Chromite .... 

0*11 

Phosphorus 

. — 

trace 


99*55 

101*163 


Neither alumina nor lime appears to bo present, and felspathic and augitic 
constituents are consequently absent. The oxygen present in the two silicates 
amounts to — 


Silicic acid 
Iron protoxide 
Magnesia 


6 * 31 )’ 

12*21 


I 

1719 

18*52 


II 

30*22 


6 * 23 ) 

9*33 


14-56 


The soluble portion is therefore an olivine having approximately the composition 
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represented hj the formula 2(^MgO, j:FeO),SiO‘'* ; and the insoluble portion a bronzite 
of the form (f MgO, JFeO),SiO‘-* ; the ratio of iron oxide to magnesia being the same in 
both silicates. 


Meteorite from Tlescbltz, Moravia. July 15, 1878; 1.45 p.m. {Wieti, 
Akad, BenJcschriftcii, Mat^aturwissenscha/t. Classe xxxix. Nov. 21, 1878).— A 
stone fell at this date, with the usual accompanying noise, within 100 paces of 
some people wnose attention was directed to a small dark cloud from which 
a peculiar and ever increasing noise proceeded. This cloud was suddenly soon to 
become incandescent, but in no very high degree, and the noise became still louder, 
when a body was seeu to fall from the cloud. The stone was warm when found. The 
noise was heard in the neighbourhood two miles around. The stone was secured, and 
was sent on the 19th to the Museum of the Technical High School of Uriinn. The 
meteor appears to have passed over Daubrawic and Sloup, and the path to have been 
through Azimuth 108° altitude 40°, and the apparent radiant in R A 68°, declina- 
tion 40°. 

This stone only was found, and all soarcli for others was in vain. The stone 
weighs 27'6 kilog., and has the form of an irregular pyramid with an almost rectangular 
base. The entire surface is covered in places with a black crust, of about the thickness 
of that found on the stones which fell at Pultusk ; on the large convex side, which is 
called the ‘ breast side,’ it is much thinner, anil exhibits a radiated character. On 
the back it is thicker and rougher, and without a trace of the radiated structure. The 
‘ breast-side ’ is free from all great depressions, while the others show them, due 
probably in part to the original form of the stone, partly to the action of currents of 
air on tho surface when melted. The freshly broken surface of the stone is dull, 
ash-grey in hue, darker than the Pultusk stone, tho texture finer and more sharply 
marked than in the case of most of tho chondrityos. It exhibits many small dull 
grey or dark coloured chonilra, and splinters and fragments of the same kind, many 
larger dull-grey chondra, also white small cliondra, and. white fragments, the latter 
much fewer than tho former. Between them are an ash-grey earthy matrix and very 
few yellow metallic lustrous particles. Most of tho dark chondra arc less than 1 mm. 
in diameter ; those which have a dipmeter of 1 mm. are fewer, aiid there are occa- 
sional chondra which exceed 1 mm. in size. Tho larges*’ one had a diameter of 5 mm. 

Tho microscopic examination of the sections of this meteorite displayed many 
curious features, and appeared to confirm the views already put forth hy Tschermak 
regarding the probable influences which have taken part in the form which the chondra 
and other enclosures take. Some chondra present an appearance which has not 
hitherto been observed. They have round depressions, which point to a plasticity of 
tile chondra during contact, as if the spherules had acquired their shape during the 
act of rubbing which formed the splintered fragments. Others, again, have pro- 
jections of a rounded form or an almost pointed end. These chondra are the result of 
volcanic eruption or explosion. 

Olimne.- Both in tho matrix and in chondra well-developed crystals of olivine are 
to be met with. They have tho same form as the olivine in basalt. Many of the 
chondra consist of individual crystals. Many crystals have cavities, enclosing black 
angular grains, or a black impregnation of the crust, or black, slightly translucent 
spherules or enclosures of ‘glass; ’ somo exhibit a most distinct surface of tho enclosed 
material. , 

Bronzite . — Barred and fibrous individuals of a brown colour are regarded as bronzite- 
Somo of tho barred chondra, shown in tho plate accompanying the paper by Makowsky 
and Tschermak, are very perfectly developed and are very curious. tSome liave a 
dark border, others a light rim. In these clioiidra, also, the enclosed material already 
referred to is met with. 

Enstatite . — Many of tho chondra of this mineKil are distinguished by their marked 
foliated structure. The enclosed ‘ glass* is also found in them. Many spherules, 
and fragments of spherules, of a crystallised mixture of bronzite and olivine, and of 
enstatito and olivine, were noticed; none, however, of a crystallised mixture of enstatite 
and bronzite ; and it appears, therefore, as if the meteoric tuff originated from two 
sorts of stony mixtures. 

Augite . — A few small chondra, with a compact pale-colourod crust, have a texture 
and colour which differ from all the foregoing. The entire spherule is shown by 
polarised light to be an individual ; tho cruLt is almost colourless, tho interior has a 
brownish-green hue. Their reaction with light points to their being au^te. 

Magnetic Vifritcs and Nickel-iron . — Magnetic pyrites occurs as grains enclosed in 
the other chondra and splinters of chondra as well as free in the matrix. The nickel- 
ipon is, for the most part, in the form of irregular particles, with a hackly surface in 
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the matrix. In some of the spherules, both magnetic pyrites and nickel-iron have a 
distinct concentric arrangement. 

The stone of Tiescliitz belongs to that division of the chondritic meteorites which 
Tschermak some years ago classified as remarkable for ‘ many brown, finely-fibrons 
chondra.’ The sp. gr. of the stone is 3*59. It contains about 8»5 per cent, of non- 
metallic minerals. No trace of any mineral resembling a felspar could be detected. 
The percentage composition of the stone is as follows : f 



Olivine 

Bronzite and 
Enstatite 

Angite 

Magnetic 

Pyrites 

Nickel 

iron 

Totals 

(CJllC.) 

Totals 

(anal.) 

SiO* 

. 13*99 

18*84 

7-90 

— 

— 

40*73 

40*23 

A1*0» . 

. — 

— 

2*09 

— 

— 

2*09 

1*93 

FeO 

. 13*86 

5-47 

0-73 

— 

— 

20*06 

19*80 

MgO 

. 10-94 

9-53 

0*61 

— 

— 

21*08 

20-55 

CaO 

. — 

— 

1*42 

— 

— 

1*42 

1*64 

Na*0 . 

. — 

— 

1*26 

— 

— 

1*26 

1*53 

Fe . 

, — 

— 

— 

2*46 

7*97 

10*43 

10*26 

Ni . 

. — 

— 

— 

— . 

1*31 

1*31 

1*31 

S . 

. — 

— 

— 

1*62 

— 

1*62 

1*65 


38*79 

33*84 

14*01 

4*08 

9*28 

100*00 



or 

Olivine 3879 

Bronzite and enstatite 33*84 

Augite 14*01 

Magnetic pyrites " 4*08 

Nickel-iron 9*28 

100*00 

Satervflle, Emmet County, Zowa. 1879, May 10, 5 p.m. (Amer. Jour. Sc. 
xviii. 77). — A meteor exploded over this spot, and was seen to fall in full daylight. 
One fragment, weighing 500 lbs., fell on railroad laud, and was dug up from a depth 
of 14J feet in a stiff clay soil.* Another portion, weighing 170 lbs., fell at a distance 
of two miles from the first. Many smaller pieces, of a few ounces or pounds weight, 
were scattered in the vicinity. The smaller mass fell upon a dry knoll, and penetrated 
the earth vertically to a depth of 44 feet. The fall was accompanied by a noise de- 
scribed .as a continuous roll of thunder accompanied by a crjickling sound. The stone 
lias been placed in the hands of Prof. C. W. Hall, of the MiniiuapoH.s University, frir 
complete investigation. The preliminary examination points to the metallic portion 
consisting of an alloy of iron, nickel and tin. Full half the muss consists of stony 
matter, which appears in dark green crystalline masses imbedded in a light grey 
matrix. When the whole is powdered a violent reaction ensues on addition of hydro- 
chloric acid, which is increased by boiling. The boiling acid appears to dissolve all 
but the grey matrix. Some of the crystalline masses are two inches thick, and 
exhibit distinct monoclinic cleavage. Under the microscope, in thin sections, olivine 
and a triclinic felspar appear to be imbedded in a matrix of pyroxene. The iron shows 
the Wiedmannstattian figures very finely. 

W. F. 

On the Gases occluded in Meteorites (CO, ,00-. CH^, H, N), see A. W. Wright 
{Sill. Am. J. [3], ix. 459; x. 44; xi. 253; xii, 165; Jahresh.f. Chem. 1875, 1312, 
1316; 1876, 1312). 

MSTBACRnZC ACZB, C*n«02 = n2Cbr:C(CIP).Cp2H, or, according to Fittig, 
=CH — CH(CH») — CO^II {Liehig's AnnaJen, clxxxviii. 95). This modification of 
crotonic acid, which Frankland a. Duppa first obtained by acting on ethylic dimoth- 
oxalate with phosphorus trichloride, and siiponifying the resulting ethylic ether with 
potash (vi. 825), is also produced by dissolving oitraconic acid or anhydride, or 
mesaconic acid, in fuming hydrobromic acid— or by heating citraconic anhydride 
or mcsaconic acid with strong hydrochloric acid — and boiling the resulting citra- 
or mesa-, bromo- or chloro-pyrotartaric acid with concentrated soda-ley, e.g. : 

C»H»Br(CO*Na)* - NaBr 4* CO* + C»H».CO*Na. 

This decomposition of citrabromo-pyrotartaric acid aflfords the means of preparing 
methac^lic acid in larg5 quantity (vi. 511-587). See also Fittig {Liebi^a Awnden^ 
clxxxviii. 42). 

Methacrylic acid appears to occur in small quantity in the portion of the product 
of saponification of Boman cumin-oil (consisting chiefly of isobutyric acid) which dis- 
tils at 160° (Fittig, Deut, Chem. Gcs. Ber. x. 513). 



MBTHANE-METHAZONIC ACID. 1301 

On the conversion of Methacrylic Acid into Isobutyric Acid by the action of 
Sodium-amalgam, and into lodisobutyric Acid by solution in fuming Hydriodic 
Acid, see p. 687 of this volume. 

Methacrylic acid dissolves easily also in fuming hydrohroviic acid, even at 0°, the 
solution, after some time, depositing a crystallised addition-product, and almost at the 
same time a thic^ oil, which is formed by polymerisation, and solidifies over sulphuric 
acid and potassium hydrate to an amorphous resinous mass (L. Paul, Ber. ix. 1 22). 

MSTBAITE, CU*. This hydrocarbon is formed when a mixture of carbon oxide 
and hydrogen is exposed to the action of electricity in an induction-tube ; GO + Sir-* =• 
H“0-hCH^ (llrodie, Proc. Itoy, Soc. xxi. 245); also by the action of zinc-powder on 
chloroform dissolved inaqueous alcohol: 2CHC1* + 3H*0 + 3Zn*= 3ZnO -f 3ZnCP + 2CH* 
(Sabanejeflf, Ber, ix. 1810). 

AVhen a mixture of methane and air is pas.^ed over a platinum spiral heated to 
redness by an electric current, the methane is oxidised to formic acid (Coquillion, 
Compt. rend. Ixxvii. 444). 

Methane, subjected to the influence of the silent dectric discharge, yields a small 
quantity of acetylene, together with free hydrogen and resinous hydrocarbons, an 
odour of turpentine-oil being also evolved (see Electricity, p. 728). Under the same 
influence, methane combines with nitrogen, forming a solid compound (llerthelot, 
Compt. rend. Ixxxii. 1283). 

METKABTKBEiarE, (A. C. Oudemans, Junr, Beut. Chem. Ges. Ber. vi. 

1 1 26). A hydrocarbon, motamcric with methyl-anthracene (p. 94), obtained together 
with other producus, by distilling podocarpic acid {q.v.). To separate it, the crude 
distillate is dissolved in boiling alcohol; the solution is filtered; the mass which 
separates on cooling is sublimed at 100°-130°; and the sublimate is purified by 
crystallisation from alcohol and resublimation. 

Methanthrerio crystallises in white laminse, melts at 117°, boils above 300°, and 
exhibits a violet fluorcscenco like that of anthracene. It dissolves easily in ooiling, 
less easily in cold alcohol, very easily in carbon sulphide and glacial acetic acid. 
When heated it exhales a disagreeable peculiar odour like that of molted asphalt. 
Itforms ill-defined derivatives with bromine and nitric acid ; when boiled with potassium 
dichromatc tind dilute sulphuric acid, it yields an aromatic acid, probably 

Melhanthrene-pkric acid, C‘''II’*C®IP(NO'‘*)®0, is formed by dissolving 4 pts. 
mothunthrono and rath<jr more than 5 pts. picric mrid in a small qmintity o/ boiling 
alcohol, and separates on cooling in very slender orange-coloured needl6s, which, in 
the moist stale, have the colour of sublimed alizarin, but incline to brown-rod when 
dry. It melts at 117° 

Methanihrcnc-quinonc or Metkantkraquinone, is formed on adding 

chromic ucid lo a warm solution of methanthrene in glacial acetic acid till the liquid 
assumes a yellow-green colour, and separates on addition of water in yellow-red flocks, 
lly rccrystallisation from alcohol and washing with ether, it is obtsiined in microscopic 
rhombic lamina*. It melts at 187°, distils without alteration at a higher temperature, 
is insoluble in water, sparingly solublo in ether, freely in alcohol. Ey an aqueous 
solution of sulphurous acid, it is converted into hydromethanthrenequinonc or 
nieth anthrene-quinol. 

METKAZOXrzc ACID, C*iI^N*0^ The sodium salt of this acid is obtained 
by acting on nitromothauo w'itli alcoholic soda-ley, and heating the resulting crystal- 
line pulp on the water-bath, whereupon it separates into two liquid layers, the upjicr 
consisting mainly of abrohol and sodium-compounds soluble therein, the lower of 
soiliuni methazonate. The latter may be purified by decanting the upper layer, 
leaving the remaining liquid to cool, dissolving the crystals which separate in water, 
and precipitating with alcohol. The sodium salt thus obtained is permanent in the 
air (unlike sodium-nitromethnno), explodes when heated, and forms characteristically 
coloured precipitates with solutions of the heavy metals, e.g. silver, mercury, copper, 
and lead (P. Frieso, Dent. Chem, Ges. Ber. ix. 324). 

According to Locco {ibid. 705), the sodium salt and tho acid are best prepared by 
dissolving 4 grams of caustic soda in hot alcohol and adding 6 grams of nitromethane. 
drop by drop. The liquid is then boiled for a short time*, and after cooling, the salt 
which has separated is filtered off, dissolved in water, and decomposed by dilute 
sulphuric acid. On shaking tho liquid with other, the metliazouic acid is dissolved ; 
nnd the solution is dried over anhydrous sodium sulphate and evaporated over sulphuric 
aci<l. A yellow syrup is then left behind, which, on sfamliug, is cunvorted into large 
crystals, mixed wilh a thick reddish syrup which colours the. skin deep rod. For 
purification, the crystals are pressed between paper and rocrystallised from warm 
benzene. 

Metliazouic acid is isomeric w'ith clhylnilrolic acid, and is an inistable l)ody, which 
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decomposes spontimeously and assumes a red colour. It is readily soluble in water, 
alcohol, and ether, more sparingly in benzene, and insoluble in petroleum-naphtha. It 
softens and liquefies at 58°-60°, and explodes at a higher temperature 

The sodium salt crystallises from dilute alcohol in long prisms, and is more ex- 
plosive than the acid. The methazonates of the heavy metals are obtained by pre- 
cipitation. The formation of methiizonic acid is explained by the equation : 

2CH*NaNO* = NaOH + CWNaNW ' 

It u perhaps a kind of anhydride of nitromethane ; 

Azo-oompounds of Metbazonlc Acid (Kimich, Chem. Ges. £er. x. 
140-144). Acophenyl-methasonic acid, is pre- 

cipitated in orangc-rcd flocks on adding a solution of azodibenzene nitrate to an 
aqueous solution of sodium methazonate. Its formation is expressed by the equation — 

C*H»NaN20*» + = NaNO* + C^H^.N^.C^IIWO*. 

It crystallises from alcohol or ether in fine orange-red needles, which melt with decom- 
position at 164®. It is nearly insoluble in water, but easily soluble in alcohol, ether, 
and chloroform. Alkalis dissolve it with deep-red, strong sulphuric acid with yellow 
colour. 

The aqueous solution of the sodium salt, C*H®N*0®Na*-h 211*0, gives coloured 
precipitates with copper, cadmium, zinc, mercury, and silver salts. The barium salt, 
esH^N^O^Ba + H‘‘0, is a purple-red powder. • 

Asoparatolylmcthasonic acid, CIP.OTP.N^.C^H^NW, obtained in the 
same manner as tne preceding compound, forms orange-coloured needles, which melt 
with decomposition at lo4°. It dissolves sparingly in water, very easily in alcohol 
and, ether. 

MSTBSNTfiAMXBOPBSXrOXi, prepared by heating orth- 

amidopheiiol with formic acid^ boils at 182*6°, and after being freed from formic acid 
by treatment with potassium carbonate, solidifies in transparent shining crystals 
which molt at 30*5°, and give the vapour-density required by the formula. It is very 
slowly attacked by air and water. Heated with strong hydrochloric acid, it is decom- 
posed, with formation of orthamidophcnol hydrochloride (Ladenburg, Dcut. Chmn. Gcs. 
Ber. X. 1123). 

MBTBSBTB-DXPBEXYXiDZAMXirS, CH'.Nr^CH.NH.OTP. 

Formyl-di'phtnyldiamme (W. Weith, Deut. Chem. Gcs. Bcr. ix. 1214). — This bast', 
which Hofmann obtained by the action of chloroform on aniline (iv. 469), is also 
formed by direct combination when aniline is heated with phenyl cyanide (phenyl - 
carbamine) : 

C«Hs.NC + NIP.CHP = C«IP.Nz::CH.NH.CT15. 

Another mode of producing it is to heat aniline with formic acid in a reflux- 
apparatus. 

Methenyl-diphenyldiamine crystallises in long colourless needles (Hofmann obtained 
it only as a crystalline powder or in small scales), melts at 135°-136° and dissolves 
veiy easily in alcohol and benzene. The crude •product obtained by the action of 
chloroform on aniline melts at 127° but when repeatedly crystallised from alcohol and 
ligroih, it yields needles agreeing exactly with those above described. When 
methenyl-diphenyldiamine is subjected to prolonged heating in a reflux-apparatus, a 
small portion of it is resolved into aniline and benzene, but the greater part remains 
unaltered. 

MBTBZOXrZC ACZB. See METHTLENE-Disui ruoNic acid, CH*(SO"IT)*(p. 1313). 

MBTBTZi ABCOBOXif CH*.OM. Occurrcnce.---Th\^ alcohol is almost alw'ays 
found in commercial acetone. KasantzeflF iJDeut. Ckcm. Ges. Ber. viii. 436) found it in 
one sample to the amount of 20 per cent. 

Formation. — According to Lichen a. Rossi, and Linnomann a. von Zotta, the 
distillate obtained by heating calcium formate contains formic aldehyde, which, when 
treated with sodium-amalgam, yields methyl alcohol (vii. 633). According to Liebon 
a. Paterno however (GazM. chim. ital. 1873, 290), and Friedcl a. Silva (Compt. rend. 
Ixxvi. It54d), the distillate in question contains methyl alcohol ready-formed. 

Preparation. — Erlenmeyer finds that the pure methyl oxalate required for the pre- 
paration of the alcohol may bo very easily obtained by dissolving oxalic acid dehy- 
drated at 100° ill lioiling methyl alcohol, leaving the solution to cool) draining the 
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resulting crystals on a Tacunm filter, and washing them with cold water, till the 
liquid which runs through no longer exhibits the iodoform reaction. The ether thus 
purified is decomposed by prolonged boiling with water (a portion remained unaltered 
even after throe hours’ boiling), and the methyl alcohol is distilled off {N. Bep. 
Pharm. xxiii. 624). 

Reactions. — Methyl alcohol is oxidised by electrolytic oxygen^ with evolution of 
carbon monoxid**, together with a small quantity of carbon dioxide, and formation of 
a liquid containing formate and acetate of methyl (A. lienard, Convpt, rend. 
Ixxx. 236). 

Methyl alcohol, distilled with sulphuric anhydride and a large quantity of strong 
sulphuric acid, is converted into oxymethanesulphonic or methyl-isethionic acid, 
CH(OII)(SO»H)-* {g. v.) (Max Muller, Bcr. vi. 1031). 

METHTZi CBXiORZDE, CH^Cl (C. Vincent, J. Pharm. [i], xxx. 132). This 
compound is now prepared in France on a large scale by heating trimethylamine 
hydrochloride to 260°, whereby it is resolved into ammonia, free trimethylamine and 
methyl chloride : 

3N(CH>)*HC1 = 2N(CH*)* + NII» + 30H®C1. 

By bubbling the vapours through hydrochloric acid, the alkaline gases are retained 
and the gaseous methyl chloride passes on, to be purified by washing with dilute caustic 
soda and drying with strong sulphuric acid ; it is then collected in a gas-holder, from 
which it is pumped into strong receivers and liquefied. The tension of its vapour not 
being high and not increasing very rapidly with the temperature (2*48 atm. at 0°, and 
7 ‘50 atm. at 3,5°),dhe liquefaction is easily effected, and the transport of the liquid 
can be carried on without danger. 

The liquid methyl chloride thus obtained is a most powerful refrigerating agent. 
When allowed to escape from the receiver into an open vessel, it begins to boil, and in 
a few moments the temperature of the liquid 
is lowered by the ebullition below —23°, the 
boiling-point of the chloride. It then remains 
for a length of time in a quiescent state, and 
may be used as a freezing agent. By in- 
crea.'jing the rapidity of the evaporation by 
means of a current of air blown through the 
liquid, or better by placing the liquid in con- 
nection with a good air-pump, its temperature 
can in a few moments bo reduced to —55'’, 
and large masses of mercury easily solidified. 

The construction of a small freezing 
machine employed by M. A^incent is shown in 
fig. 49. It consists of a double-cased copper 
vessel, K E, between the two casings of which 
the methyl chloride A is introduced. The 
central space M is filled with some liquid such 
as alcohol, incapable of solidific.ation. The 
methyl chloride is allowed to enter from the 
cylindrical reservoir by the screw tap B, and 
the screw S left open to permit of tlie escape 
of the gas. As soon as the whole mass of 
liquid has been reduced to a terapeniture of 

— 23°, ebullition ceases, the screw S may be 
replaced, and if a temperature lower than 

— 23° be required, the tube B placed in con- 
nection with a good air-pump. By this sim- 
ple moans a litre of alcohol can be kept for several hours at temperatures either of 

— 23° or —55°, and thus a large number of experiments can be performed, for which 
hitherto the expensive liquid nitrous oxide or solid carbonic acid was required. 

M. Vincent has recently constructed a much larger and more perfect and continuous 
form of freezing machine, in which by means of an air-pump and a forcing-pump the 
chloride of methyl is evaporated in the freezing machine and again condensed in the 
cylinders. This enlarged form of apparatus will probably be found more convenient 
and economical than the ether and sulphurous acid freezing machines now in use, as 
it can be simply constructed, the vapour and liquid do not attack metal and are not 
poisonous, and the frigorific effects produced arc extremely energetic. 

Another and perhaps more import.mt .application of methyl chloride is to the 
manufacture of the blue, green, and violet dyes produced by replacing part of the 
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hydrogen in rosanilino by methyl. This substitnCion has hitherto been effected 
chiefly by the use of the expensive iodide of methyl: the chloride will afford a much 
more economical method of obtaining them (see Kosanilinr). 

The tximethylamine from which^the methyl chloride is prepared in the manner 
above described, is obtained from the spent liquors {vinasses) of the stills in which the 
molasses of beet-juice are distilled for the production of alcohol (see Mbthylaminks). 

HKSTBYXi OXXDE, (CH*)-0, is formed, together with the Jdiloridcs of tri- 
and tetra-methylanimoniuin, by heating sal-ammoniac w-ith excess of methyl alcohol 
(Weith, Dent. Cftem. Ges. Ber. viii. 458). 

PreparatUni. — Erlenmeyer a. Kriechhauer {Ber. vii. 699) prepare this compound by 
gradually heating 13 pts. methyl alcohol and 20 pts. sulphuric acid to 140° in a reflux 
apparatus, washing the evolved gas with soda-ley, and passing it into sulphuric acid, 
which absorbs 600 vols. of it, forming the compound SO(OH)-(OCIl*)‘*, which may be 
kept without alteration, and gives off methyl oxide when 1 pt. of it is added by drop 
to 1 pt. of water. 

For preparation on the large scale, a mixture (34° Bm.) of 1 pt. sulphuric acid and 
rather more than 1 pt. anhydrous wood-spirit is heated to*125°-128°, as long as methyl 
oxide continues to be evolved, care being taken that the temperature does not rise 
above 130° ; it is then loft to cool, and to the remaining liquid, marking 46° Bra., 
more wood-spirit is added sufficient to lower the density to 34° Bin. ; and by thus 
alternately heating, cooling, adding fresh wood-spirit, and again heating, &c., as in 
the preparation of ethyl oxide, large quantities of methyl alcohol may bo otherifled 
with only a small quantity of acid. The methyl other, which is given off as vapour, 
is freed from carbon dioxide and sulphur dioxide by means of caustic potash, oiustic 
soda, or sugar-lime, and from water by calcium chloride, and finally condensed 
(Tellier, Arch. Pharm. [3], x. 57). 

On the Frictiorircoefficient of MethyUoxidCt see Gases (p. 851 of this volume). On 
its Imperfect Comhustio7i, p. 436. 

MfiTBTXi SSEEirXDE or SEXiEXrMSTBYE, (CIP)*So (C. L. Jackson, 
lAehi^s Annalen^ c&cxix. 1). To prepare this compound, phosphorus pentaselcnide 
(obtained by heating an intimMte mixture of 5 at. selenium with rather more than 
2 at. phosphorus) is coarsely pulverised and drenched in a retort with a mixture of 
strong soda-ley and a solution of potassium methyl -sulphate. On gently heating the 
mixture, it froths up, and yields a distillate of water and a yellow liquid, which may 
bo separated from the water by a tap-funnel, and purified by fractional distillation ; 
it then yields, as chief product, methyl monosolenido. If a stronger heat be employed 
in the preparation, a few drops of a yellow, less volatile liquid pass over, probably 
consisting of the diselonide, (ClPy-^Sc^ and identical with the product which 
Wohler a. Dean obtained by distilling barium methylsulphate with potassium sclenido 
(iii. 990). 

Methyl monoselenide is a colourless, strongly refracting liquid, having a very 
offensive odour and boiling at 32°. It sinks in water ; is decomposed, with separation 
of selenium, when boiled therewith, and mixes Avith alcohol and ether. It unites with 
acid radicles, forming a series of compounds analogous to those of benzyl selenido 

(p. 316). 

' Selmmeth^ rnrate, either (CI17-‘So(NO»)»(CH>)=SeO or (CH>)’Bo<^Q2’,i8fonned 

by adding selenmethyl to strong nitric acid in a -i^asel which is kept cool, and crys- 
tallises, on evaporating the solution over the wator-bath, in long colourless prisms. 
It melts at 9()'5°, volatilises below loO®, dissolves easily in water, sparingly in alcohol, 
and is insoluble in ether. The dichloridc, (CH®)”ScCF, precipitated from a strong 
solution of the nitrate by hydrochloric acid, forms white nacreous laminas, melting at 
69*6°, very soluble in alcohol, loss soluble in ether, sparingly in water. The dihromide^ 
(CH*)*SeBr® prepared in like manner with hydrobromic acid, and purified by washing 
the precipitate with cold water, and once crystallising it from alcohol, forms broad sul- 
phur-yellow nacreous laminae having a very unplea.sant odour. It molts and decomposes 
at 82°, and is partially decomposed by boiling with alcohol, in which it is but slightly 
soluble ; it is also sparingly soluble in water, and insoluble in ether. The same 
compound is formed directly by direct combination of selenmethyl with bromine. 
The dUiodide, precipitated from the nitrate by potassium iodide, is a brick-red, easily 
decomposible powder, insoluble in water, easily soluble in alcohol and in ether. The 
platimchloride, yCH*)®S6]*PtCD, obtained by mixing the monoselenide with solution 
of platinic chloride, and boiling the resulting pale-red precipitate with water, crystal- 
lises in lemon-yellow laminae, nearly insoluble in water, quite insoluble in ether, 
sparingly soluble in hot alcohol. When heated, it blackens and gives off methyl 
monoselenide. 
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MSTBY& SVUBXDXS, (CH”)^S. On the reaction of thi» compound TPith 
benzyl eulphido and methylene sulphide, see Sulphines, On its reaction with hrorn- 
acetic acid, see Mbthyl-thktink (p. 1317). 

MBTBYKACETAlirZUDE, OoiP.N(Cd^)(C’‘H^O). See METHFLANinmES 
(p. 1306) and Bknzenes (mkthylamido-), p. 204 of this volume. 

METHYEiwCETOSUCCZirxc ETHERS. See Succinic Ethers. 

METKYEAE, C'*II*'0'‘' = GH®(OCll*)*. This compound is related to form- 
aldehyde, CH*0, in the same manner as acetal, C-1I'{0C^H*)'‘*, to acetaldehyde, C*H*0. 
When mixed with anisoil, in presence of glacial acetic acid, the vessel being kept cool, 
it forms dimethoxypheny Imethane (p. 649), and methyl alcohol (ter Meer, 
l)eut. Chem, Ges. Ber. vii. 1200) : 

2(C«H*.OCH») + CH2(OOH»;« = CIP(CmiOGH^)^ + 2CH»OH. 

METBYE-AEXZARXITa G‘*11*®0^. See Metiiyl-anthraquinone. 

IMEETBYEAMXN'ES. Mono-, di-, and ^ri-metliylamino are found in commercial 
wood-spirit; and their occurrence, together with aldehyde, may be attributed to the 
mutual action of ammonia and acetone, which are also constituents of the crude pro- 
duct of tlio distillation of wood. The reactions may be represented by the following 
equations : 

G»H«0 + NIP = G'^H^O + NH2.G1P 

Acetone. Aldehyde. Methylainlnc. 

G*H«0 + NH2(GH») = G^H'O + NH(GH«)2 

Dimethylamine. 

G»H«0 + NH(GH*)2 = G^H^O + NCGH*)* 

Trimethylamlno. 

(C. W. Vincent, Compt rend. Ixxvii. 898; Ann. Chim, Bhys. | 6], i. 444). Thu forma- 
tion of methylaraine and aldehyde by the above reaction has b^'on experimentally 
demonstrated by Gamille. 

Methylaminc is also formed ; o. By the reduction of hitromothane with iron filings, 
acetic acid, and water (Preibisch, J. pr. Chem. [2], vii. 480). 3. Together with l,ri- 
ethylamino hydrochloride, tetrcthylammonium chloride, and mctliylic ether, by lieating 
sal-ammoniac (12 grams) with methyl alcohol (12 c.c.) for six hours to 280°“28o° 
(Woith, Bcr. viii. 458). y. Together with glycocine, ammonia, anti carbon dioxide, 
by heating metliyluric acid to 170° with hydrochloric acid saturated at 0° (H. Hill, 
Sill. Am. J. [3], xii. 428). 

The base called morcurialinc, from Mercurialis permnis, is identical with 
mothylamine (E. Schmidt, Ber. x. 2226). 

Trimcthylamine, N(C11®)=*. — This base is now obtained in largo quantities fnmi 
th(! waste-liquors or spent wash {vinasses) of the stills in which the molasses of beet- 
root sugar is distilled for the production of alcohol. Tt has long been the custom in 
France to evaporate these liquors to dryness, and calcine the mass in a reverberatory 
furnace, with the view of recovering the alkaline salts of the beet root, to be used as 
manure. By this treatment, the volatile organic products, viz. the ammonia-water, 
tar, and oils, were of course destroyed ; but recently JM. Gamille Vincent of Paris has 
succeeded in collecting these products and turning them to profitable account. 

The following is an outline of the process, .as carried out at the largo distillery of 
Messrs. Tilloy, Delaune. and Go., of Courriferes. The spent-wash, having been evapo- 
rated until it has attained a sp. gr. of 1*31, is allowed to run into cast-iron retorts, 
in which it is submitted to dry distillation. This process lasts four hours; the 
volatile products pass over, whilst a residue of porous charcoal and alkaline salts 
remains behind in the retort. The gaseous products given off during the distillation 
are passed through coolers, in order to condense all the portions which are liquid or 
solid at the ordinary temperature, and the combustible gases pass on uncondensed 
and servo as fuel for heating the retorts. 

The liquid portion of the distillate is a very complex mixture of chemicjil com- 
pounds, resembling in this respect the corresponding product in the manufacture* of 
coal-gas. Like this latter, the liquid distillate from the spent-wash may be divided 
into ammonia-water and tar. The ammonia-water of the vinasse resembles that 
of the coal-gas manufacture in so fiiras it contains cjirbonate, hydros ulpliide, and hydro- 
cyanide of ammonia ; but it differs from this (and approximates to the products of the 
dry distillation of wood) by containing in addition methyl alcohol, methyl sulphide, 
methyl cyanide, many of the members of the fatty acid series, and large quantities of 
the salts of trimethylami no. The tar, on re-distillation, yields more ammonia- 
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water, a large namber of oils, the alkaloids of the pyridine scries, solid hydrocarbons, 
carbolic acid, and, lastly, a pitch of fine quality. 

The crude alkaline aqueous distillate is first neutralised by sulphuric acid, and the 
saline solution evaporated, when crystals of aulphate of ammonia are deposited ; and 
these, after separating and draining olf, leave a mother-liquor, which oontjiins the 
more soluble sulpliatc of trimethylamine. During the process of concentration, vapours 
of methyl alcohol, methyl cyanide, and other nitrils are given off*, tjicso being con- 
densed, and the cyanide used for the preparation of ammonia and acetic acid by 
decomposing it with alkali. 

Trimethylamine itself has not yet been applied to any industrial use ; but its 
hydrochloride, when heated to 260°, is resolved, as already explained (p. 1303), into 
trimethylamine, nmmonia and methyl cliloride, which may be utilised as a refrigera- 
ting agent, and, instead of the iodide, for the preparation of methylated aniline 
dyes (C. Vincent, Compt. rend. Ixxxiv. 1139; Ixxxv. 667; J. Pharm, [4], xxx. 132). 
See also a lecture by Professor Roscoe ‘ On a New Chemical Industry’ (Chem. News, 
xxxix. 107). 

A mixture of trimethylamine and aniline hydrochloride yields, w'hen heated, a 
distillate of mothylaniline. 

Trimethylamine hydrobromide is resolved between 230° and 300° into trimcthyl- 
amine, ammonia, and methyl bromide. Trimethylamine hydri()dido crystallises in 
white shining tables, which gradually turn brown on exposure to the air, and at about 
210° begin to decompose, with evolution of white vapours, into trimethylamine, 
ammonia and methyl iodide, tctramcthylammoiiium iodide being also formed by a 
secondary reaction (Vincent, loc. dt.) , 

Trimethylamine is one of the basic constituents of the aqueous extract of hops 
(Griessmayor, p. 1040). 

Tctramcihylammonmm PcCy-[(CH®)*NCy]^ is foimcd by 

the action of hydroferrocyanic acid on tetramethylammonium hydroxide, the two 
substances being mixed in aqueous solution, and the product evaporated in a vacuum 
over sulphuric aci<l. The compound crystallises in lamino-granular masses containing, 
W’hen air-dried, 13 mol. TDO, which, by successive drying over calcium chloride and 
sulphuric acid, and heating to* 100°-140°, may bo reduced to 2 mol., the remainder 
being given 06?“, with decomposition, at a temperature above 140°, The salt has not 
yet been obtained pure and anhydrous (L. Barth, Ber. viii. 1484). 

TetramethylamTnmium Iodide is perfectly stable at high temperatures (Hofmann, 
Bent. Chem. Ges. Ber. vii. 626). 

XIKETHYXi-iiMYXif C"!!" = is formed together with diamyl and 

ethane, by the action of sodium on a mixture of methyl iodide and optically active 
amyl iodide. It is a liquid boiling at 60° (Lc Bel, Bull. Soc. Chim. [2], xxv. 646). 

»KBTBYXiB.xrZXiZSrES. Monometkylaniline, G“f[\NII(CIP).— 

The formation of this base, by the action of methyl bromide or iodide on aniline, as 
discovered by Hofmann in 1860 (iv. 453), has lately been called in question by 
A. Kern {Deut. Chem. Ges. Ber. 1877, 195), w^ho regards the product, thus obtained as 
a mixture of aniline and dimethylanilino, Hofmann, however {ibid. 691), by renewed 
experiments, has confirmed the correctness of his former conclusions, and has shown 
that monomethylaniline is produced, together witli dimcthylaniline, by the action of 
the chloride, as well as of the bromide or iodide sf methyl, on aniline. Chloride of 
methyl acts on aniline at the boiling heat, the liquid product on cooling depositing 
crystals of aniline hydrochloride ; on adding anhydrous ether and treating the resulting 
solution with dilute sulphuric acid, an additional quantity of aniline is separated jis 
sulphate, and the remaining ethereal .solution leaves, on cvtiporation, a basic oil con- 
sisting of a mixture of mono- and dimethylanilino, separable by means of acetic 
anhydride, which converts the monomethyl, aniline, with great rise of temperature, 
into methyl acetanilide, while the dimethylanilino remains unaltered. The 
methylacotanilide, distilled with an alkali, yields methylaniline. Bromide and iodide 
of methyl act on aniline dissolved in ether at ordinary tomperature.s, the solution in 
the first case depositing aniline hydrobromide in tlie course of twenty-four hours, and 
in the second, aniline hydriodide after some days. The remaining ethereal solution 
contains mono- and dimethylaniline, which may be separated as above by means of 
acetic anhydride. 

In all cases, the largest yield of monomethylaniline is obtained when a considerable 
excess of aniline is used, tlie amounts in Hofmann’s experiments being, with methyl 
iodide, 21-2 per cent., with methyl bromide 25-2 per cent., and with methyl chloride 
46*7 per cent, of the aniline attacked. The reaction, however, takes place in tlie 
tame manner with smaller proportions of aniline ; thus, 1 mol. methyl iodide and 
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] mol. aniline yielded, after prolonged action and repeated distillation, a quantity of 
monomethylaniline equal to 12-5 per cent, of the aniline attacked, the remainder 
being converted into dimctliylaniline. A mixture of 40 pts. aniline hydrochloride, 
60 aniline and 36 methyl alcohol, yielded, on fjbe manufacturing scale, a product con- 
sisting of 25 aniline, 30 mono-, and 45 dimothylaniline. 

Commercial methylanilino is almost always contaminated with aniline and di- 
methylaniline. .The aniline may be removed by adding dilute sulphuric acid, and 
separating the resulting crystals of aniline sulphate from time to time by pressing the 
liquid (undissolved base and sulphate solution) through linen, the addition of sulphuric 
acid being discontinued when the filtrate after this treatment no longer yields any 
crystsils. 'Pho mono- and dimethylated biisos (retaining only traces of aniline), after 
being sot free by an alkali, may tlien be separated by acetyl chloride, which, like the 
corresponding anhydride, acts only on the monomethylatod base. As the action is 
very violent, it is best to add the chloride through a tap-funnel to the mixture of 
bases contained in a reflux apparatus. On subsequently shaking out the product into 
hot water, it dissolves, and the solution on cooling deposits mot hylacetanilide in 
large crystals, which m;iy bo easily and completely purified by recrystallisation It 
melts at99‘5°, and distils, without alteration, at 245°. The separation of methylaniline 
from this compound is best elFocted l)y boiling hydrochloric acid. 

Pure monomethylanilino has a density of 0-276 at 15°, and boils at 190°-191° 
(pure dimethylanilinc at 191° 192'^). It forms a beautiful plali nochloride, and gives 
no colour reaction with solutions of chloride of lime. Its oxalate, -when heated, does 
not yield aniline (Hofmann, Davt. Chem. Gat. Ber. vii. 523; x. 691). 

Ch. Girard {Bull. Soc. Chim. [2], xxiv. 120) prepares mono- and dimethylaniline 
by heating methyl alcohol with aniline and hydrochloric acid at 190°-200° under 
pressure. Noel ting a. Boasson {ihid. xxviii. 2) hjivc prepared monomethylaniline in 
largo quantity by this process, and by the action of methyl iodide on aniline, and 
separate it from aniline and dimethylaniline by treatment with nitrous acid, whereby 
the last two are converted respectively into diazobonzonc nitrate and nitroso-dirnethyl- 
anilino, C'*H‘®(NO)N,both of which are soluble in water, whilst the monometliylanilino 

nrrs 

yields methylphonylnitrosaminc, NO, in the form ©f a yellow oil 

insoluble in water and in acids, and converted by reduction into monomethylaniline. 
The reaction may be applied to the estimation of monomethylanilino. The substance 
under examination, having been treated with nitrous acid, is exhausted with ether, 
which dissolves the methylphenylnitrosamine ; the extract is then dried ; the ether is 
evaporated ; and the methylphenylnitrosamine, which remains in the form of an oil, is 
weighed. Dimethylaniline, similarly treated, yields a few yellow crystals but no oil. 

Dimetliylanillne, C“n”X = C®H®.N(CH^)*. On the formation of this base, see 
page 1305. licactions. 1. Decomposition by Heat . — When the vapour of di- 
mothylaniline is passed through a combustion-tube filled with fragments of glass and 
heated to low redness, benzonitril is obtained as chief product (25 per cent, of the 
dimethylaniline decomposed), together with imido-diphenyl, N11(C®ID)* (the so- 
called carbazol, vii. 253), and a small quantity of benzene, besides ammonia and 
hydrogen cyanide (Nietzki, Dmt, Chem. Ges. Ber. x. 474). 

2. With Sulphur Chloride, iS‘Gr-,dimethylaniline forms dithiodimethylanilino, 
[C®IPN(CH®)'-^]'-'S‘^, an easily crystallisable, nearly indifferent compound (Hannimann, 
Ber. X. 403). 

3. With Sulphuryl Chloride, SO*CP, the product formed is dimetliyldichloranilino, 
C*H®CP.N(CH®)''*, wliich crystallises slowdy from aqueous solution in needles (Wc.iig- 
hoffer, J. pr. Chem. [2], xvi. 448). Klhylsnlphuric chloride, SO*Cl(()C^H®), acts 
violently on dimethylaniline, converting it into dimothylparamidobenzeno- 
sul phonic or dime thy Isulphanilic acid, (CH®)'‘*N.C“H^SO®H (Wenghoffer). 

4. Dimethylaniline is converted hj perchloromethane at 180° into carbotetradi- 
methylaniline, C[G*H^N(C^*)*]^ and hj chloroform at 230° into methenyltri- 
dimethylaniline, GH[C®II^N(OH’)*p. Both these compounds are basic, crystallise 
in laminae, molt at 81°-83°, and resemble each other in their beliaviour with various 
reagents. Heated with dilute sulphuric acid, the first yields CO, the second CO-. 
The same products are formed, together with methyl chloride and aniline hydrochloride, 
■when these compounds are heated to 220° with strong hydrochloric acid (Hannimann, 
Dent. Chem. Ges. Ber. x. 1689). 

6. When dimcthylfiniline (3 mol.) is heated with he/nzyl chloride (2 mol.) and 
bromine (2 mol.) to 120° in a refiux apparatus for four hours, a sec*i-green body is 
obtained, which is insoluble in water, dissolves with blue colour in alcohol, and dyes 
silk blue-green. With a smaller proportion of benzyl chloride, blue dye-stuffs are 
produced (Brunner a. Brandenburg, Ber. x. 1844). 
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6. When to a cooled mixture of hmzaldehyda (20-30 grams), with four or five 

times that quantity of dimethylaniline — the excess of which acts as a diluent — zinc 
chloride is grailually added till a thick paste is formed, an equal volume of water 
added after about an hour, the whole boiled in a reflux apparatus, and the product 
made alkaline with caustic soda and largely diluted with water, ether will extract 
from it — together with unaltered mat erials which may bo removed by distillation witli 
steam — a kiso, ~ 2C*H"N + C^11®0 — H’^O), wliich may be puiiflcd by repeated 

crystallisation from a moderate quantity of alcohol, and separates therefrom in white 
roundish crystals, appearing, when examined by a tens, as groups of small concentric- 
ally arrangcil needles. This base molts at 92'^-93° ; dissolves readily in ether, and 
with moderate facility in alcohol ; retains its pure white aspect when kept in the dry 
state in closed vessels ; but assumes a faint blue-green colour on exposure to the air. 
ThQ picraiCf C“*H2“N*.2G*H®(NO‘*)*OH, is obtained by adding picric acid to an ethereal 
solution of the base, as a yellow precipitate, which dissolves with yellow-green colour 
in alcohol, and crystallises therefrom in small yellow needles. The platinochloride, 
C‘’*Il-'’N2.2HCl.PtCl^, obtained by adding an ethereal or alcoholic solution of the base 
to an acid solution of platinic chloride, is a white precipitate which assumes a dingy 
green colour on exposure to the air. The other salts, especially the sulphate, nitjato, 
and hydrochloride, quickly oxidise, especially in alcoholic solution, to dye-stuifs of 
fine blue-green colour, and often of complex constitution (0. Pischer, Ber, x. 1624). 

7. A mixture of dimethylaniline oxidifiirfuraly treated as above with zinc chloride, 
yields a base which separates from alcoholic solution in fine crystals usually somewhat 
coloured, but becoming quite white after repeated crystallisation from ligroin. This 
base melts at about 70°. Its salts exhibit a tendency to oxidis6 to r^ dye-stuffs. 
From the analysis of the platinochloride, it appears to have the composition 
C2 iH 2<N*0 = 2C*H‘>N-|-C»H^02-H20 (Fischer, 1626). 

Bromodlmetbylanllinei C®lIMlr.N(CIl®)% is formed on gradually adding 
bromine.,to a solution of dimethylaniline in 5 pts. of ghacial acetic acid. It is pre- 
cipitated by soda-lev from the dilute solution as a grey crystalline powder, wliich is 
most readily purified by solution in hydrochloric acid and precipitation with caustic 
soda. It crystallises from alco^tol in silvery laminae, volatilises with vapour of water, 
melts at 55°, and I'oils nt 247° (bar. 722 min.) Its salts are very soluble and deli- 
quescent. hydrochloride, obtained by passing hydrogen chloride into a solution 
of the base in benzene, veiy easily parts with its acid, and is completely soluble only 
in acidulated water. The? platinochloride is granulo-crystalline. 

Bromodimothylanilino is not attacked by strong soda-ley or hydrochloric acid at 
the boiling heat ; but at 180°-200° it is resolved by hydrochloric acid into methyl 
chloride and monobromaniline, melting at 16°, a small quantity of bromophenol being 
probably formed at the same time (A. Weber, Ber. x. 760). 

Brunner a, Brandenburg {ibid. 1844), by acting on dimethylaniline with bromine 
in the manner described by Weber, obtaineil, instead of the compound just described, 
a blue-violet colouring matter having the composition of tetramethyl-rosanilino 
hydrobromido, C“’'H'XCH“)'N®.4HBr, wdiieh they find is also produced by the 
action of bromine on dimethylaniline without the intervention of a solvent. Probably 
bromodimethylaniline was the first product of the reaction, and was subsequently con- 
verted into tetramcthyl-rosaniline (see Bosanilixis). 

Zododlmetbylanlline, C^H^I.K(OTP)^ is formed ; a. By the action of iodine on 
dimethylaniline, both being dissolved in carbem disulphide (Weber, loc, cit.) jS. By 
the action of cyanoyen iodide on dimethylaniline, which takes place in the cold, and is 
attended with rise of temperature and evolution of hydrogen cyanide. 

lododiraethylaniline crystallises in white laminae, melts at 79°, and dissolves in 
alcohol and hydrochloric acid. Its platinocUoridje crystallises well. The base is not 
attacked by caustic soda. It turns bluish at ordinary temperatures, and decom- 
poses when heated above its melting point, with rapid evolution of hydrogen iodide, 
leaving a dark-<ioloured mass, which dissolves in alcohol with deep violet colour 
(Weber). 

iritTOdlmetbylanillnes. VaranitrodimclhylanilinCf C“H^(NO*).N(CH*)®, is 
formed by gradually adding the calculated quantity of nitric acid to a solution of 
dimethylaniline in 10 to 12 pts. of glacial acetic acid. A rapid action then takes 
place, the liquid on cooling, and furthe" on addition of water, depositing yellow 
needles; and on recrystaltising these several times from alcohol, the nitrodimethyl- 
anilirio is obtained — together with a cinnabar-red substance less soluble in alcohol 
more soluble in benzene than itself — in yellow needles having a steel-blue lustre and 
melting at 163°. Nitrodimethylaniline does not form salts, and is not altered by 
boiling with hydrochloric acid, in which it dissolves, or with soda-ley. By hydro- 
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chloric acid at 180®-200® it is decomposed into methyl chloride and other bodies 
(A. Weber, Ber, x. 760). The same nitrodimothylaniline was previously obtained 
by Schraubo {Ber, viii. 616), by oxidising nitrosodimethylaniline with potassium 
ferricyanide, or better with permanganate. Schraube described this product as melting 
at 167°, J^nd as possessing basic properties; but Wurstor [Ber. xii. 628) has shown 
that it is identical with the nitrodimethylaniline obtained by Weber, both products 
melting at 162°, being destitute of basic properties, and convertible by reduction 
with tin and hji irochloric acid into dimetliyl-paraphonylene-diamine. 

Paramidodimethylaniline. — ^The stannosochlorido of this base, 
G«HXNH0.N(CH»)*2HCl.SnCl* 

produced by treating paranitrodimothylaniline with tin and hydrochloric acid, crystal- 
lises from alcohol in cubes. The free base boils almost without decomposition ; when 
exposed to the air it becomes brown and viscid. The hydrochloride^ treated with 
weak oxidising agents, very quickly acquires a deep red to violet colour ; the same 
change is produced in it by platinic chloride. At 180° it is resolved by dry hydrogen 
chloride into methyl chloride and paraphenylenediamine ; by oxidation, into 
quinono (Weber). 

Dinitrodimethylaniline is obtained by oxidising nitrosodimethylaniline with 
dilute nitric acid, and forms large sulphur-yellow crystals melting at 73’5° (Schraube). 
Weber, by the action of nitric acid on dimethylauiliuo dissolved in 6 or 7 pts. of glacial 
acetic acid, obtained it in needles molting at 77°. 

xritrosodlmethylanlllne, C<'H^(NO)X(CH^)=^ (Baeycr a. Caro, Beut. Chem. Ges. 
Ber, vii. 809, 963 ; Schraube, ibid, viii. 61). This base is formed by the iiction of 
nitrous acid on dimcthylaniline : 

C“ffN(Cil»)- + mm - C«H'(NO)N(CH»)* + H*0. 

Oaeyer a. Caro prepare it by adding 100 pts. of amyl nitrite to a mixture of 60 pts. 
of dimethylaniliue, 100 pts. of concentrated hydrochloric acid, and 760 pts. of a 
mixture of 1 vol. of hydrochloric acid with 2 vol. of alcohol, well cooled with ice. 
After a short time, yellow needles separate ; as soon as these no longer increase in 
quantity, the mass is thrown on a vacuum-filter and washed with ether-alcohol. An 
almost quantitative yield of pure nitrosodimethylaniline hydrochloride is thus 
obtained, in tlie form of small sulphur-yellow needles. Schraube adds 76 pts. amyl 
nitrite cooled to 0'^ to an icc-cold mixture of 60 pts. dimethylaniliue, 100 pts. strong 
hydrochloric acid, and 600 pts. alcoholic hydrochloric acid (1 vol. acid to 2 vol. 
alcohol). 

The crystals of the hydrochloride melt at 177°, but are apparently decomposed at 
the same time ; they dissolve in water, forming a deep yellow solution, and on adding 
potassium carbonate to this solution, the pure base separates in green flakes ; it may 
be dissolved out by ether, and separates from the solution on evaporation in large 
green plates whicdi melt at 92° (Baeyer a. Caro), at 86° (Schraube), and are slightly 
volatile in a current of steam. The salts crystallise w'ell. The mVphate and nitrate 
are obtJiined in slender yellow needles on adding sulphuric or nitric acid to an ethereal 
solution of the base (Btioyer a. Caro). The oxalate crystallises from wood-spirit in 
brown-red monoclinic crystals containing 2 mol. water (Schraube). 

Nitros(idimethylariilino is oxidised by ferricyanide or permanganate of potassium to 
nitrodimethylaniline. By boiling w\\h.alkali% it is resolved into dimethyl- 
amino and nitrosophenol (Baeyer a. Caro) : 

C«nXNO)N(CH*)2 + IPO = NH(CH»)2 + C«II'(N0)(0LT). 

By and hydrochloric acidfit is reduced to dimethylphonylenediamino, a 
very unstable base, the nitrate .and sulphate of which crystallise at first in colourless 
needles, but are very easily decomposed (Schraubo). 

Nitrosodimethylaniline hydrochloride is converted by alcoholic potash into totra- 
methyldiamidazoxybonzene, which crystallises in brown shining needles, very 
sparingly soluble in water, wood-spirit, ether, acetic acid, and ligroi’n, easily in chloro- 
form. This compound is not reduced by alcoholic ammonium sulphide, sulphurous 
acid, or sodium-amalgam, but by tin and hydrochloric acid it is easily reduced to 
dimethylphenylonediaraine. Its salts form brownish -yellow laminae, which are 
completely decomposed by water. Its platinochloride is very slightly • soluble, and 
gives a variable amount of platinum (Schraube). 

Addition-products, in the form of largo splendid dark steel-blue crystals, are 
obtained by heating a solution of nitrosodimethyhmiline in alcohol or benzene with 
aniline or paratoluidine. The compound of nitrosodimethylaniline with dimethyl- 
aniline crystallises from benzene in dark green shining crystals, which quickly efQoresco 
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on exposure to the nir. The phenolrcompound, 2C*H*(N0)N(0H*)*.C*H«0, formed 
by mixing the components in the r^uired proportions, with addition of water, c] 7 stal- 
Uses i4brown slender needles, which give off all their phenol at 70®. Nitrosodi- 
mebl^ianiline also combines with silver nitrate^ forming a compound which crystallises 
from^water at 26° in small shining crystals, dark blue by reflected, violet by trans- 
mitted light (Schraube). 

Benzoyl-dlmetbylanlllne, C^^.OO.O*’H^.N(CIP)^ is formed (by heating di- 
methylaniline with bcnsoic acid and phosphoric anhydride to 180°-2i)0° in a sealed 
tube for six to eight hours. On exhausting the product with ether, agitating the 
ethereal solution with potash-ley and hydrochloric acid, and leaving it to evaporate, 
bcnzoyl-dimethylaniline remains in the form of an oil w’hich boils at 330°-336°. It 
dissolves in petroleum-ether, and crystallises tlierefrom in rosettes of white needles ; 
dissolves also in the ordinary solvents. W\\h fuming nitric acid it forms a dinitro- 
derivativo which dissolves readily in«glacial acetic acid, crystallises in nodules, and 
melts at 142°; and with Arozwme, a derivative crystallising in needles (0. Fischer, 
Ber. X. 958). 

Dimethylaniline-pbthalein, - C“H'[COC«]t^N(CrP)-‘]2 (0. Fischer, 

Ber. ix. 753 ; x. 952). This compound is formed, as a hydrochloride, by the action of 
phthalic chloride on dimethylaniline : 

C«HXC0C1)2 + 2C«H»N(CH*)" = HCl + C“H‘[C0C«1PN(CH»)2HC1. 


The two bodies, on mixing, become hot, and the mixture acquires a dark brown colour. 
On heating it for a short time, the colour changes to yellowish gretm, a violent frothing 
takes place, and the thickened mass becomes dark green. The reaition is facilitated 
by small quantities of ziiic-dust. As soon as the frothing is over, water is added to 
prevent further <lecompo8ition, and the excess of dimethylaniline is driven off with the 
steam. The residue solidifies on cooling to a resin liaving a reddish surface-shimmer, 
and maybe ground to a deep green powder. The crude product, which dissolves 
easily and with green colour in alcohol, wood- spirit, chloroform, and acetic acid, 
sparingly in water, jjjind scarcely at all in ether, is purified by repeatedly boiling it 
with ether, dissolving it in a small quantity of alcohol, mixing the solution with water, 
and crystallising the resulting precipitate from chloroform. 

Pimethylaniline-phthalem is also formed by the action of dehydrating agents, 
(ZnCF, P'-'O*), on a mixture of phthalic anhydride and dimethylaniline. It 6oparat(‘s 
from the solution of the hydrochloride, on addition of alkalis, in greenish-white 
granules which become colourless when freed from the liquid by filtration, but turn 
green again on drying. It dissolves in alcohol, ether, and wood-spirit, and crystallises 
from the last in granular masses. It is scarcely attacked by potassium hydroxide at 
200°, but is resolved thereby at higher temperatures into phthalic; acid and dimethyl- 
aniline. Phthalic acid is also formed when a mixture of the phtbalein with strong 
nitric acid is evaporated down on the water-bath. 

The monohydrochloride, C'-*1T''**N^0*.HC1, prepared as above described, crystallises 
in small needles having a greenish-yellow lustre. The dihydrochloride, C*^H^^N*0‘*.2lICl, 
is obtained on adding dry hydrochloric acid to the ethereal solution of the base, 
previously dried by calcium chloride, as a yellow-rod, crystalline, extremely hygro- 
scopic precipitate, which, when heated in the water-bath, gives off hydrogen chloride 
and is converted into the green salt. 

BlatinocKlorides. — (C*^H*^N*0*.HCl)*PtCl*, is ol:j,tained as a blue-green crystalline 
precipitate on adding an alcoholic solution of pliitinic chloride to an alcoholic solution 
of the monohydrochloride; it is very easily soluble in water. Another salt, 
C24224^202.2HCl.PtCP, is obtained by adding a solution of the base in strong hydro- 
chloric acid to alcoholic platinic chloride, as a yellowish-red crystalline pre- 
cipitate, easily soluble in water, sparingly in alcohol and ether. The picratc, 
C*^H*'‘N*0*.C®il2(N0*)*0II, prepared by adding an alcoholic solution of picric acid to 
an alcoholic solution of the monohydrochloride, is a dark green precipitate. A yellow 
picrate, C2<H**N*0®.2C®H*(N0*)*0H, is precipitated on adding a solution of the 
dihydrochloride to aqueous picric acid. The other salts of dimethylaniliuo-phthalci'u 
crystallise well. 

Base obtained by reduction of Bimethylaniline-phthalein, — When an acid solution 
of the phtbalein is reduced with zinc-dust, it becomes decolorised, and soda-ley added 
to the solution throws down a colourless base, the colourless salts of which easily turn 
green by oxidation. The picrate has a light yellow colour, and the hydrochloride gives 
with platinieMoride a nearly colourless precipitate, probably having the composition 


p,„,CH(OH)C*H®N(CH»)* 
^ ^ CO.C-H<N(CH»)* 


2HC1. PtCl® (Fischer). 
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Bromodimethylaniline-phthalein, C*W*Bp*N 20*. — The TMmohydrochhride 
of this base, formed by heating bromodimethylaiiiliiio (p. 130) -with phthalic 
chloride, crystallises from alcohol in feathery groups of steel-blue needles, easily 
soluble in alcohol, wood-spirit, chloroform, and glacial acetic acid, sparingly in Vator, 
From its solution in strr ig hydrochloric acid, water throws down the dingy gtcon 
dihydrochloride f C“*H“Jlr'''N‘^0*.2HCl. The alcoholic solution of the monohydro- 
chlorido is blue-violet; its solution in wood-spirit has a violet colour more in- 
clining to rod ;i^the chloroform solution is almost pure blue. The platmochloride, 
2(0‘‘^H‘"Br'‘'N®0'''.HCl) -I- l?tCl^ is a blue crystalline powder. The free base has a blue- 
violet colour, dissolves in alcoliol and ether, and yields a green picrate (0. Fischer, 
Ber. X. 1623). 

Hexnitrodimethylanilinc-phthale'in^ is formed by digesting 

the hydrochloride of the phthalei'n with fuming nitric acid on the wator-bath, and 
separates, on pouring the resulting liquid into water, in flocks, which are best recrystal- 
lised from glacial acetic acid. It dissolves easily in acetone, less easily in alcohol, 
ether, wood-spirit, and chloroform, not at all in water, easily and with red-brown 
colour in nitric and sulphuric acids. From glacial acetic acid it separates in small 
yellow crystals, which melt at 190°- 193®, and detonate when quickly heated (0. Fischer, 
Ber. X. 962). 

Dlmetbylanillne-saliceiii, is formed, as a hydrochloride, by 

heating salicyl chloride with dimethylanilino : 

+ 2C*H'‘N(CU»)* = HCl + C“H«NWnCl. 


The reaction, which is attended with evolution of hydrogen chloride, is facilitated by 
the addition of very small quantities of zinc-dust. 

The hydrochloride^ G®“H*®N^0^.HC1.2H‘0 (after drying at 100°), may be obtained, 
as a flocculent precipitate, by washing with water, solution in hydrochloric acid, 
precipitation by largo addition of water, and finally, solution in chloroform and 
precipitation with ether. It dyes silk much like methyl-green, and is of much higher 
tinctorial power than dimothylaniline-phthalcin. It forms two platinum-salts^ 
C^“H»‘'N‘0^2irCl.PtCl‘ and 2(C*«H«N20*.HCl).PtCl*. The acetaU, siJphate, nitrate, 
and oxalate may bo prepared by treating the solution>of the hydrochloride in dilute 
potash with the appropriate acids, and purifying the precipitates by solution in 
chloroform and pecipitation with ether. Melting caustic potash resolves the salicein 
into salicylic acid and dimethylaniliiie; zinc-dust and glacial acetic acid reduce it to 
a colourless body. Bromine gives a colourless bromo^erivative, acetic anhydride a 
bright yedlow acetyl-derivative, and fuming nitric acid a yellow nitro-compound. 
Analogous green colouring matters are formed with salicyl chloride and diethyl 
aniline, and met hyl-di phony lamino (Fischer, ibid. 934). 


MSTBYK - AXIImIVJL - SVIkPHOlTZC ACZD, C'lPNSO^ = 
(Cll*)HN.C“H^SO*H. The modification of this acid obtained by the action of 
sulphuric acid on methylacetanilide has already boon described (p. 234). Another 
modification is produced by heating the ethylsulphate of methylaniline to 210°, and 
separates on cooling from a hot aqueous solution in shining laminae, having the com- 
position C’H"NS0®-1-H*0 ; they are very efflorescent, and insoluble in water and in 
alcohol. The harmm salt, (C^H"NSO*)*Ba+ 3JH‘0, crystallises in small shining 
prisms which give oflf their water at 110° ; the calcium salt, (G’Il*NSO®)*Cti + 4H*C), 
in small shining laminae which become anhydrous at 100° ; the lead salt, 
(G’H"S()®)'^Pb + 8H*0, in laminae having a faint yellowish colour. By passing nitrous 
acid into the alcoholic solution of this acid, a diazo-compound is obtained, ns a 
yellowish-white amorphous powder, which appears to have the composition 


(Cn“)N— N— (SO») 

I I I (Mundelius, Ber. vii. 1350). 
IHmethylaniline-sulphmic aaid, (CH*)^N.C*II^SO*H. See p. 235. 


MBTBnAirTBRACSirB, C*<H<»(CH>). This hydrocarbon is ob- 

tained: 1. Bypassing dimethylphenylmethane, CIl“(G®H^GH*)'-*, or dimethylphenyl- 
ethane, GH®.GH(G®H^GH®)*, through a red-hot tube (pp. 94, 95). 2. From the crude 
product of the preparation of phenanthrene. The dark-coloured masses formed in 
this process are freed from the greater portion of the anthracene present by fractional 
oxidation with potassium dichromate, then distilled in a current of steam, and re- 
crystallised from alcohol, whereby mother-liquors are obtained, yielding, together with 
phenanthrene, a compound which boils above 360°, and exhibits the composition and 
properties of methylanthraceno. It crystallises from alcohol in laminae melting at 
190°, and exhibiting a green fluorescence ; is converted by heating with sodium into 
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a red body soluble in benzene, ether, and alcohol; and by oxidation into anthra- 
qainone carbonic acid (p. 113) (Japp a. Schultz, x. 1049), 3. By the action 
of zino-dust at high temperatures on chrysophanic acid (p. 470) ; on emodin (tri- 
oxymethylanthraquinono) (Liebcrmaiin, Jier. viii. 970); and on aloin, either from 
Socotrine or from Barbudoes aloes — in small quantity, however, and probably only as 
a secondary product (K. Schmidt, ibid. viii. 1275 ; Arch. Pharm, [3], viii. 496). 
4. Vapour of turpentine-oil, passed through a glass tube heated to dull redness, yields 
a mixture of aromatic hydrocarbons, the portion of which distilling b./twoen 320° and 
360° appears to contain methylantliraccue (Cr. Schultz, Ber; x. 84). 5. Waclicndorff 
a. Zincke (ibid. 1481) have obtained from aniline-residues — instead of the expected 
dimethylanthnicono— a nitrogenous body melting at 187°, and methylanthracene, 
melting at 208°-210°, and convortiblo by oxidation into mothylanthraquinone (m. p. 
160°-162°). 

nCETB’rXi-AirTBRAQUZXrON'B, is prepared by heating methyl- 

anthracene in a water-bath with alcohol and strong nitric, acid. A violent reaction 
then sets in, and as soon as two-thirds of the alcohol are evaporated, and a little water 
is added, a yellow precipitate of methylanthraquinone separates out on cooling. It 
melts at 162°-163°, and sublimes in needles or small plates. It is moderately soluble 
in ether, acetone, chloroform, and boiling alcohol, sparingly in acetic acid and benzene, 
and crystallises from those solutions in small needles. Heated with zinc-dust ’ and 
caustic soda, it gives Liebermann’s anthraquinone reaction. It yields a crystallised 
bromo-compound, which, when heated with potash, is converted into methyl- 
alizarin, C’*II*®OS which, however, is more readily obtained by heating the quinoiie 
with fuming sulphuric acid, and fusing the resulting disulphonie acid with potash. 
It sublimes on heating in tufts of small needles, melting at 250° -252°, and sublimes 
jit 200° in tufts of reddish needles. It dissolves in alkalis with a blue colour, and 
this solution gives blue precipitates with calcium and barium salts. It dyes mortL'intcd 
cloth like alizarin, and its alkaline solution gives the same absorption-spectrum as the 
latter (0. Fischer, Per. viii. 675). 

On Vimethylanihracaie and Dimethylanthraquiiwiic^ sec vii. 84. 

XMCBTB’ni^B^XrZGX.TCOCTAMZXrS or BetK^creatine, See 

Creatikb (p. 679). « 

KBTBTZi-BBBZBTDBOBAMZC ACZB, C^HH).N(CH®)OU. See Htdbox- 
AMic Ethers (p. 1080). 

IBBTBTB-BBBZTXi OXZBB, CH*. O.CII‘'(C®lP), is formed by the action of 
benzyl chloride on potassium-methyl oxide : C'H^Cl + CIP.O.K^ KCl + CIP.O.C'U’ ; 
also, together with trimethylsulphiiie bromide, when a mixture of 1 mol. methyl 
sulphide and 1 mol. benzyl bromide, diluted witli methyl alcohol, is heated to 100° in 
a sealed tube : 

(CH»)*S + C’H’Br 2(CH®.OIt) = CH’.O.C’H’' + (CH^ISBr+H^O. 

It is a very mobile liquid, boiling between 168° and 170° (Cahours, Compt, rend. Ixxx, 
1317). 

XBBTBTB-BENZTZiTOXiTXiABEZirB, N(CH®)(CIPC®H^)(C®H«CH®). See 
Toltlaminbs. 

BKBTBTB-BUTTXi CABBZBTOBS, GH> CHOH.C<H®. See Hbxtl Alcohols 
( p. 1035). 

MBTBTB-BVTYB BBTOBES. See Ketokks (p. 1 148). 

Zf BTBTJb-CABBOPTBBOZiZC ACZB. Sec Ptrrol-deriyatives. 

MSTBTB-CBBT8XB, See Curysin (p. 466). 

BKBTBTB-COVMABZC ACZB, C*®1I*®0*. Syn. with i3-MBTHTL-ORTHOXY- 
PHBNYLACEYLIC Acn> (p. 605). 

MBTBTXi-CBBOSOZi, ' == 0®H2(CH®)*(OH)(OCn«). See Creosol 

(p. 580). 

MBTBTXi-CBBBOZiBraPBOirzC ACZB, 0®H*(CH®)(OCH>)(SO’n). See 
vii. 934. 

MBTBTXr-CBBBOTZC ACZB, C®H»(CH»)(OCH»)(CO*H). The potassium salt 
of this acid is formed by the action of potash^n mothylcresotate, C®H*(CII®)(OH)0O*CH® 
(vii. 394). 

MSTBYlf-CBOTOirZC ACZB, C4H»(CH®)02. See Anoblic Acid (p. 86). 
Tiglic acid, a constituent of crotonic oil, is identical with this acid (E. Schmidt, Ber. 
X. 835). 
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inTHTXi-CirAJriiMlBB, GN.Nn(CH^. This compound, -when heated in 
aqueous or alcoholic solution, or exposed to the air, especially to moist air, is con- 
verted intotrimethyl-mclamine, G*H®(CH*)®N«, identical with that which Hofmann 
obtained by desulphuration of methyl- thiocarbamide (p. 1271). 

MSTBTlf-DZAUTXi CABBXirOB, action 

of zinc on a mixture of allyl iodide and ethyl acetate. It boils at 158*4° (corr.), unites 
with 4 at. brora;io, and forms with acetic anhydride an acetic other boiling at 177*3° 
(Sorokin a. A. Saytzeff, Jkut, Chem, Ges. Ber, ix. 34, 277). 

MBTBTXi-pzCBESTlIiAMZirB, N(OH»)(C«H^GH*)^ formed by heating 
dicresylamine (ditolylamino) with methyl chloride and hyd^hloric acid, is an oil 
boiling under a pressure of 0*02 mm. at 236°-240° (G. Girard, JMl. Soc, Chim. [2], 
zxiv. 120). 

MSTBTB-DZBTBTZi-BBSrZBVB, C>E*(CH*}(0>H*)2. See Mesittlbnb, 

Homoloouks of (p. 1285). 

KBTBYB-DZBTBTZiPBOSPBOXnUM ZOBZBB. See Phosphinks. 

PZBTBYZi-BZOBYAZOBBirZEB'S, syn. with Fhentl-azodioxytolyl (^.v.) 

MBTBYB-BZPBBmrZiAMZXrB, N(G1P)(G«H0^. See Phunyiamwes. 

MBTBYZi-BZPBE»rYZiTBZOSBM[ZCABBAZZBB, 

(G«H»)(CH»)N.NH.NH(C“H*). See Hydrazinrs (p. 1059). 

METBYZi-BZPBOPYZ..BE»rZE»rB, = G«H>(GH>)(G>H’)^. See 

MbSITYLKNB, IIOMCLOGUES OF (p. 1285). 

MBTBYZBBE BROMZBB, GH%^ heated to 140°-150° for several hours 
with 15 to 20 times its bulk of water and excess of lead oxide, yields ethylene-glycol 
and traces of ethylene oxide, together with lead bromide (A. Jeltekow, Ber. vi. 
658). 

On the Iodide, Acetochloride, and Diaceiate of Methylene, see vii. 807. 

MBTBYZiBBB-BZBBBZAMZBE, GH^(^H.CO.G<H^)^ is formed by treating 
benzonitril (2 mol.), diluted with an equal volume of chloroform, with strong sulphuric 
acid, and then adding 1 mol. methylal. It crystallises from alcohol in long white 
felted needles, and dissolves readily in carbon disulphide, ether, and chloroform; 
melts at 212°, and sublimes at a higher temperature almost without decomposition ; 
burns with a smoky flame. I3y dilute aciils it is converted into benzamide, by alcoholic 
potash into benzoic acid (Hepp. a. Spiess, Ber, ix. 1424). 

MBTBYX.EBB-BZSUZ.PBOBZC ACZB, GH^CSO’H)'^. DiMphometholic 
acid. Metkionic acid.— This acid is formed by oxidising methylene thiocyanate with 
nitric acid. On heating the thiocyanate for a short time with a quantity of strong 
nitric acid just sufficient to dissolve it, immediately separating the mixture so as to 
expel the excess of nitric acid, then repeatedly adding water and evaporating, and 
iinally adding barium carbonate, the barium salt, (CH*SO*)*Ba, is obtained in crystals 
having a flue nacreous lustre (Julio Lermoiitoflf, Ber. vii. 1282). 

Methylene-disulphonic acid is also formed, together with methyliamidobenzene- 
sulphonic acid, by heating methyl-acetanilide with sulphuric acid to 14C°“160° (at 
higher temperatures carbonisation takes place) as long as acetic acid is given oflF. 
On diluting the liquid with w'ater, adding barium carbonate, and filtering the liquid 
while hot, the filtrate deposits the barium salt of methylene-disulphonio acid as a 
white crystalline powder, while the raethylamidobenzenesulphonate roniains in the 
mother-liquor. The formation of the methylene-disulphonic acid is due to the action 
of the sulphuric acid on the liberated acetic acid (G. A. Smyth, ibid. 1237). 

METBYBEBE-CVABAMZirB. See Guanauiees (p. 901). 

METBYX.BBB.XIIIBBCAPTZBB or Bisulphethylmethane, CH‘^(S.C^I1^)^ 
formed by the action of methylene iodide on sodium mercJiptide, is a colourless, fetid 
oil, having a density of 0*987 at 20°, and distilling without decomposition at 184° 
(Niederist, Liebig's Armalen, clxxxvi. 391). 

METBYB-EOSZB. See Phthaleins. 

ZKBTBYB-BBYTBBZir or Monomethyltetrahromofinorescein. See Phthaleins. 

METBYB-BTBYXi-ACBTZC ACZB, GH(GH*)(C*’H>).GO'H. See Pbntoic 
Acids. 

MbtbyZi-BTBYB CABBZBOBp GH>.GHOH.C2H\ See Butyl Alcohols 
(p. 359). 

Von. VIII. 4 Q 
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MaTBn-BTHTXi BBTOWE, CH> C0.C2H\ See Kbtokes (p. 1147). 

MBTBTK-ETaYXi SV&PBXDBt This compound, prepared by 

the action of ethyl iodide on sodium mercaptide, Na.S.C‘H^, boils, according to Kruger 
(«7. pr. Ckem. [2], xiv. 193), at 66°-66° (uncorr.), differing therein from tho methyl- 
ethyl sulphide which Carius obtained by heating diethyl sulphophosphate with methyl 
alcohol, the corrected boiling point of which is given by Carius at 68*8°-59*5® (vi. 
698). If 

MBTHTK-ETBTE-ACBTZO ACID, CH(CH>)(C>H‘»).COOH. See Pextoic 
Acids. 

MSTBTD-STBTXi-OBAMZDB, OH*.NH.CO— CO.NH.C2H^ See Oxamidb. 

MBTBTE-fiTBTXi-PROPTl. CABBlBOZiS, (CIP)(C‘<‘H«)(G>H0.COH. 
Sec Hkptyl Alcohols (p. 1026). 

MBTBTD - BTBTZi - PROP YZi - BITTTD - PBOSPBOBZVM ZODZDB, 

(CH*)(C'-H*)(C»H0(C^H»)PI. See Phosphines. 

MBTBTB-BUGBirOXi, C"H»0*=C«H»(0CII»)2(C*H»). This compound, ob- 
tained by distilling eugenol with caustic baryta, boils at 237°-239° (Church, p. 762), 
Tho following derivatives of it have lately been obtained by Wasscrmann (Co/jijjt. 
rend. Ixxxviii. 1206) : 

Bromomethylettgcnol Bihromide^ C*H-Br(OCH*)®.C*IPBr*, prepared by the action 
of bromine on a strongly cooled solution of methyl-eugonol in ether, crystallises in 
long, silky needles, which melt at 77'^-78°. and are soluble in alcohol and ether. 

BroTmmethylcugenolf C*JI‘Br(OCH*)*,C*II*, prepared by the action of zinc-dust on 
a hot alcoholic solution of tho preceding compound, is a colourless liquid which boils 
at 190®, under a pressure of 0-02 mm., and is soluble in alcohol, ether, and acetic acid. 

Methyleugetic Acid, C*H*(OCH^)“.C^H*COOH, obtained by the action of sodium- 
amalgam and chlorocarbonic ether on monobromomothyleugenol, crystallises in 6at, 
yellowish needles, which molt at 180®, dissolve in alcohol and etlier, and are slightly 
soluble in water. 

Mercnrdimethyleugenol, (C”H”02)2IIg, is formed if an excess of sodium-amalgam 
is used in tho preparation of the preceding acid. It crystallises in colourless needles, 
soluble in alcohol and ether, and fusing at 140®. 

By heating an alkaline solution of methyleugetic acid with a solution of potassium 
permanganate, acidulating, and agitJiting tho concentrated liquid with ether, a sub- 
stance is obtained having the formula C‘*H'W. Its constitution is probably 
C“ll*(()CIP)*(ClIr:^Cir.CHO).COOH. It forms colourless needles, soluble in water, 
and melting at 162®-163®. In no case was any opianic acid formed. 

MBTBn-rBRVUC ACID, See Vanillin-dkiuvativks. 

MBTBTZi-eBYCOXiZiAMXC ACZD8. Mothyldi- and methyUri-glyeolIamic 
acids are formed by heating mcthyl-hydantoic acid with baryta-water (p. 1045). 

MBTBYZi-GVABAMZBB, C*nXCH*)N\ St.‘e Guanamine (p. 901). 

MBTBTXi-GUABXDXBB, CH*(CU*)N>. See Guanidines (p. 904). 

MBTBTZr-BBRYD CARBXBOB, CH^CHOU.C«H>*. See Octtl Alcohols. 

MBTBn-GBTOXABZBB, C»H»(CH»)N*. See Gltoxaline (p. 890). 

BXBTRTXi-BYDABTOZB, Htdantoic Acid (p. 1045). 

MBTBYD-BYDROquXBOBB. See Quinols. 

MBTBYD - BYDROXYZ.AMIBB, N(CH'»)IPO. See Hydroxtlamink 

(p. 1081 ) 

SKETBYD-XSBTBXOXrXC ACID, syn. with Oxtmethanesulphonic Acid, 
CH’^(OH).SO»H (g.v.) 

MBTBYD-XSOBUTYD-GBYCBRZC ACZD, 

- CH>.CHOH.C[CH2CH(CH»)*]OH.COOH, 

is formed, together with heptic acid and isobutyl acetone, by the action of alcoholic 
potash on ethylic bromisobutylacetoacetate (p. 1020). It is a mobile liquid which, 
when heated, is changed into gummy anhydrides, whilst a small portion distils over 
with vapour of water. Its barium salt is anhydrous, and crystallises in small needles. 
The calcium salt is also dnhydrous, and crystallises in needles which are more soluble 
in hot than in cold water. 

MBTBYXi-ZBOCROTYD OXXBE, C»H»®0 = (CH*)2C=CH.O.CH*, is formed 
Ity heating isocrotyl bromide, (CH*)*Cii::CH.Br (vii. 401), with sodium methylate to 
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130°-140® for three or four hours. It is a liquid boiling at 70®-74°, and yielding, 
when heated to 140® for two or throe hours with dilute sulphuric acid of 1 per cent., 
scarcely anything but isobutyl aldehyde and methyl alcohol : 

(OII«)*(fcCH.O.OH» + H-0 » CH*OII + (OH*)*CH.COH. 

The corresponding ethyl-compound {}oo. cit.) reacts in a similar manner (Eltekolf, 
Beut. Ch&m, Ges. Ber, x. 704). 

M;BTBYXi-lSOPSSr^& CARBUrOB or MBTBTXi-AMTli CAB- 
BZNOBf CH®.C110Jf.ClI2.CII‘*.CH(CJI®)‘^. The preparation of this secondary alcohol 
from ethyl-amyl has already been noticed (p. 1025). It is also produced — togetlior 
with a di-isobutyipinacono, boiling at 220®-2G0® — by the reducing action of 

water and sodium on metliyl-isopcntyl ketone in ethereal solution, and is obtaine^l, 
after removal of the ether by distillation, as a colourless liquid of sp. gr. 0*8186 at 
17‘5“, boiling at 148^-160°, and not solidifying at —26®. 

Methyl-is'peniylcarhiiiyl Acetate^ CI1*.GH{0C‘'H®0).C*H", obtained by heating 
the alcohol with acetyl chloride, is a colourless liquid boiling at 166®-168®, smelling 
like roses and hyacinths, haxnng a sp. gr. of 0-8595 at 23° (water of 17‘5® as unity), 
and boiling at 1G6®-1G8®. The chlmide^ obtained by heating the alcohol to 140® 
with hydrochloric acid, boils at 136®-137°. Tho iodide (which on account of its 
instability could not be obtained pure) heated in a reflux apparatus with dilute 
alcoholic potash, yields a hoptylonc in tho form of a light very mobile oil having a 
pleasant odour of petroleum, and boiling at 75®-80®. This heptylene is probably a 
mixture of the two isomeric compounds, (C11'‘)“CH.CH^CH® CHzuCH* and 
(CIP)>CII.CIP.CH=CH.CH» (W. Rohn, UeUg'& Ammlm, cxc. 305). 

MBTHTli-XSOPROPYB CARBXBOZi, => CH».CHOH.CH(CH»)% 

See Pkntyl Alcohols. 

MBTBYZi-XSOPROPYZi XBTOITB, C»n>»0 =.CIP.CO.0H(CH*)*. This 
ketone, first prepared by Frankland a.‘Duppa (JProc. Hoy. 8oo. xiv. 463) by the -iction 
of barytjirwater on ethyl ic acetodi in ethyl acetate,— and further examined by R. Miinch, 
who obtained it directly by tho diy distillation of a mixture of calcium acetate and 
isobutyrato (p. 1147) is also produced : o. Ry oxidation cf methyl-isopropyl carbinol 
{(j.o.) /3. Together with hydroxylamine and other products, by tho reducing action 
of tin and hy«lroehloric acid on tho so-called dinitroheptylic acid, C®I1*®N*0“ (one of 
the products obtained by oxidising camphor with nitric acid), or on monouitroheptylio 
ai*id, (formetl by the action of sodium-amalgam on the dinitro-acid) : 

C«1I'®N20« + 6m - + NIPO + NH» + W + 2H-‘0 

C“H“NO* + m « C»H'»0 + NIPO + CO*. 

y. By dehydration of isopropyl-ethyl glycol with ZnCl* or P*0*, and of trimethyl- 
ethyl glycol with P*0® (Flavitzky, Her. x. 2240), 

Methyl-isopropyl ketone boils at 94*1® (e.orr.), gives tho iodoform reaction with 
iodine and potasli, and forms a crystalline compound with sodium-hydrogen sulphite 
(Kaehler, TAchig^s Annalcn, cxci. 143). 

Chlorniethyl-isoyro'pyl Ketone^ CH*Cl.CO.CH(CH®)*. See Ketones 
(p. 1148). 

MBTKYZi.n'XTROBXC ACXD, CH2NO»=H.CO.NH.NO*. See Niteopahaf- 

PiNs, under Paraffins. 

MBTHYB-BOBYB BBTOBTE, C»'n**0 = CH».CO.C»H>* (vii. 808). 

MBTBYZi-XrORRBMXPXXrZC ACXD.x 

MBTBYli-lirORMBCORXRi I See Narcotine-derivatiybs. 

MBTBYZi-B'OROPXAXa'XC ACZX>, ) 

MBTBYB-OBAXIZBTBAXrB, CON(CH*).CONH*. See Oxamic Ethebs. 

MBTBYB^OBBTBYXiBirB-TOB’O’XBXBB. See Toluidines. 

MBTBYB-oaCYBBBZOXC ACZB, C*H*(CH*)OH.CO'“ir. On the properties 
of tho three isomeric modifications of this acid, derived from the corresponding cresols, 
see p. 5 82. 

MBTHYB-OXYBUTYRXC ACZB, C«H’(CH*)0*. See Butteic acids (oxt-) 
(p. 364). 

MBTBYX.OBYPBBXnrB.ACRYBZC, -CROTOlTXCp -ABOBBIC and 

-PROPZomo ACXD8, derived from Anisic Aldehyde. See pp 604 

and 505. 

MBTBYXt-OXYfifYBPBOBBirzZBS. See Oxtsulphobenzxdb. 

4 Q 2 



1316 


METHYL-DERIVATIVES. 


llI8TBT&-PiUKABAirXC ACZB. See Fababanic Acn>. 

MSTBTXi-PAlLABOMOSAAZCTUC AKDBBYBB. See Fabauomo- 

SALICYLIC A1.DBHYDE. 

MBTBTXi-PBBTTZi CABBZBOZi, SeeHEPTTL alcohols 

^p. 1024). 

MBTBTXi-PBEBBTBi:BT];i BBTOBB, CH^CO.C19=CH.C«H^ See 
Kbtonks (p. 1151). 

MBTBTZi-PBBXrTX. BYBRAZZBB, (C«H»)(CIP)N.Nm See Hydrazines 
(p. 1057). 

MBTB7Zi-PBEinr&-BZTBOSAiaiirB, OT BZTROSO-MBTBYXi- 
ABZBZBB, C’H''N*0 = C*H*.N(CH*)(NO), is formed, like the corresponding ethyl- 
compound (p. 206), hy the action of nitrous acid on mothylaniline dissolved in dilute 
hydrochloric acid, or by mixing the solutions of mothylaniline hydrochloride and 
potassium nitrite ; also, with evolution of nitrogen monoxide, by the action of nitrous 
acid on a salt of methylphenyl-hydrazine : 

(C‘'Hs)(CH*)N*H* + 2NOaH - (C«H»)(CH»)N*0 + N*0 + 2H*0 
(E. Fischer, Lkhi^a Annalen^ cxc. 158). 

METBYZ-PBEBYXi-SBMZCARBAZZBB, (C«H0(CH>)N.NH.CO.NH». 

See Hydrazines (p. 1058). 

MSTBYXi-PBXiORSTZC ACZB, C®H«(OCII*).CO*H. See Phlobetic actd. 

MBTBYZi-PBXiOROB, C'*Hs(CH»)0. See Phlorol. 

MBTBYXi-PBOSPBEBYZi CBBORZBR, COH^PCIOH*. See Phosphines. 

MSTBYXi-PROSPBZNE, PEACH’). See Phosphines. 

MBTBYZ-PROPYZiACBTZC ACZB, CII(CH»)(C*H0.COOH. 

This modification of hexoic or caproic aci^ obtained from the product of the reaction 
of potassium cyanide on aiuvlene hydriodide, is a liquid having a density of 0*9279 at 
18® and boiling at 193®. Its silver salt separates from a hot saturated solution on 
cooling in needle-.shaped crystals. The hiirium salt is obtained as a thick syrup, which 
dries up to a gummy mass. The calcium and zinc salts are less soluble in hot than in 
cold M'ater ; the latter is soluble in alcohol. The solution of the ammonium salt gives 
with c//7ori(fe a flesh-coloured precipitate soluble in excess of the iron solution. 
The eihylic ether is a liquid having a density of 0*867 at 18®, and boiling at 163° (A. 
Saytzeff, Deut, Chem. Ges, Ber, xi. 611). 

MSTBYB-PROPYZi CARBZBOBS, GH^CHOH.03H^ See Pentyl 

ALCOHOT.S. 

MBTBYZi-PROPYZi BBTOBBS. See Ketones (p. 1147). 

MBTBYZi-PROPYZi-CATECBVZC ACZB, (C®TP)(OCIP)(OC»ir)(COOH), 
is formed from propyl-ougenol, C®H*.(OCH*)(OC®IP)C*H\ by gradual oxidation with 
a hot dilute solution of potassium permanganate ; and its homologues, methyl-lmtyl- 
and methyl-arayl-protocatcchuic acid, are obtained in like manner from the correspond- 
ing homologues of ougenol (p. 763 of tliis volume). 

MBTBYXi-PYRROZi, C'II»N(CIP). Stte Pyrrol. 

MBTBYB-QVZnrZBB. See Quinine. On the Sulphato-periodides of this 
base, see p. 491. 

MBTBYXi-QYZBZZARZB, C»*H'®0« = C«H*.C*0*.C«H(CH»)(0H)* (Nietzki, 
J)mt. Chem, Ges. Ber vii. 2011). This homologue of Quinizarin (p. 102) is produced 
by heating a mixture of toluquinol (hydrotoluquinone) and phthalic anhydride in equal 
numbers of molecules with a quantity of sulphuric acid equal to eight or ten times 
the weight of the toluquinol, the heat being continued for three hours and gradually 
raised from 130® to 150®. The product, after boiling with water and crystallisation 
from benzene, is purified by boiling it with solution of sodium carbonate, and decom- 
posing the resulting compound with an acid. 

Methyl-quinizarin crystallises from alcohol or glacial acetic acid in tufts of long 
red needles, from dilute spirit in long capillary felted needles. It molts at 160°, and 
partly sublimes without decomposition. It dissolves more readily in the greater 
number of solvents than quinizarin, and its solutions in alkalis and sulphuric 

acid exhibit the same absorption-bands as those of the latter. WiiEae^c anhydride 
it forms a diacetyl-derivative, C'*H"(OTI’0)'-'0\ which crystallises jn yellow needles 
melting at 185®, 
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Methyl-quinizarin distilled over heated zinc-dust yields methyl-anthracene 
convertible by oxidation with chromic acid into anthraquinone-carbonic acid (p. 113), 
together with a large quantity of anthraquinone, a circumstance in which it agrees 
with the only known methyl-anthracene obtained from emodin and chiysophanic 
acid (p. 1312). 

From these results, viowotl in connection with the known constitution of anthracene, 

. and the mode of a tachmont of the two OH-gponps and the O^O'-^group in qninizarin, 
as demonstrated by Tlaeyer (pp. 102, 103), it may be inferred that methyl-anthracene 
and methyl-Kjuinizarin are constituted in the manner represented by the following 
formulae: 

II OH 



Methyl-antliraccnc. Methyl-quinizarin. 


METBTK-SVCCnrZC ACZB, Cni®(Cn*)(C02H)2 See Pybotartaric acid. 

METBTZ.SUZ.PKUBZC CRZ.OBZX>E, CHaO.SO^.Cl. Seo Sulpuuryl 
Ohlobidb. 

M&TBT&.TETBAOZTAWTBBAqvZirOSrE, C*'}IX0H*)0". This, ac- 
cording to Tilden {CJumi. News, xxxv. 273), is the constitution of an orange-yellow 
compound called Aloxmithin, which is obtained, together with a small quantity of 
acetic acid, by oxidising barlialoin and soealoih with chromic acid. It molts at 260®- 
266°, and may be sublimed without decomposition. 

Cll^S(CJiy 

METBTli-TBETZirE, C^H^SO* =1 | This compound, wliich may 

CO — 0 

bt* regarded as the sulphur analogue of betaine (p. 323), is obtained, in combination 
with hydrobromic acid, by mixing bromacetic acid and methyl sulphide in molecular 
proportions : 

CH*Br— COOH + - (CH*)2SBr-01P.COOH. 

Bromaoetio Methyl Mctliyl-thetine 

acid. Bulphide. hydrobromidt*. 

The hydrobromide is analogous in composition to bt‘taino hydrobromidc*,, 
(CII*)®NBr.OH**.COOH. By decomposing this salt with silver oxide, or the sulphate 
with barium carbonate, free mcthyl-thotine is obtained in crystals containing 1 mol. 
11*0, and exhibiting both acid and b.'isic properties (Urum-Brown, Devt. Chem. Ges. 
Ber. vi. 1384; Crum-Brown a. Letts, ihid, vii. 696), 

Ethyl-thetinc hydrohromide, prepared in like manner, is extremely deliquescent. 

METBYZi-TBZOAZiDEBTBE or TBZOFORMAZiBEBYDE, 

C*H*S*. = I1®(CSH)*, is formed by the action of hydrogen sulphide on formaldehyde, 
HCOH (p. 826). 

METBYZi-TBYMOZi. 8 co Thymol. 

METBYZi-TRZBBOMOGZiYOXABZBE. See Glyoxatjne (p. SOO). 

METBYZi-TRZBUTYXi-PBOSPBOBZUM ZOBZBE, (CH»)(C>H»)»FI. .See 
Pjiospiiines. 

METRYXi-TRZMERC^TZBE, CH(S.C2H»)>, produced by the action of 
chloroform on sodium-mercaptide, NaS(C2H*), is a yellow oil which is partly decom- 
posed by boiling, and is converted by oxid.ation with nitric acid into ethylenesul- 
phonic acid (Niederist, J.pr. Chem, [2], xv. 174). 

METBYXi-VABZZiBZIV or Bimethyl-protocatechuic Aldehydet 
C*H“(OCH®)*.OOH. See Benzoic Aldehyde (Dioxy-), (p. 306). 

METBYZa-BABTBAMZBE. See Xanthamioe. 

METBVSTZCZET, syn. with Kawain (p. 1145). 

MEYljilfcOXTE. A hydrate of tungstic acid from Meymac (Dep. Carr&ze), 
analysed b/' A. tfarnot (Compt. rend. Ixxix. 638). The analyses load, after deduction 
of scheelite aild limonitc, to the f)rmul.*i 2W0*.6H‘*0 or W0*.2IT'‘'0. It is eviileiitly 
a decomposition-product of scheelite, probably under the influence of water containing 
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MIARGYRITE— MICA. 


free acid, resulting from the decomposition of iron pyrites. The scheeUte first assumes 
a yellow or yellowish>green colour, but retains its directions of cleavage ; subsequently, 
however, it is converted into a soft, pure yellow, or brownish mass. 

Analyses . — 1 and 2. Soft, yellow to brownish, with sulphur-yellow streak. 
3, Harder laminae, with yellowish streak. 


wo> 

Ja»0» 

CaO 

Fe“0* 

Mn-O* 

H'O 

X* 


Sp. RT. 

71*85 

1*00 

2*50 

6*00 

0*75 

12*93 

4*50 

ssf 99*53 


74*25 

1*05 

4*65 

6*10 

0*65 

11*75 

1*85 

= 100*30 


7512 

0*70 

7*00 

6*25 

0*32 

6*85 

2*55 

= 98*79 

4*54 


* Gangne. Also traces of magnesia and sometimes of potash. 


MXASCrTRXTlS and SSZrXTGOTTXTS. Miargyrite is a sulphantimonite 
of silver, Ag*SbS“, from Braundsdorf in Saxony, containing 21*93 per cent. S, 39'J.4 Sb, 
and 36*40 Ag, together with 1*00 Cu and 0*62 Fe. Sp. gr. =6*2 to 6*4 (iH. 1010). 
The name Kenngottite was given by Haidinger to a mineral, of similar constitution but 
containing lead as an essential constituent. It occurs at Felsobanya in Hungary on a 
quartzose rock, in monoclinic crystals, OP. + P.— P, having the angles ooP : ooP = 42® 
and 138° ; has a black streak, conchoi'dal fracture ; hardness = 2*5 ; sp. gr. about 6 . It 
is somewhat brittle, melts easily before the blowpipe to a black shining globule, and,, 
when heated for some time in the reducing fiame, loaves a butter of silver amounting 
to 30 per cent, of the whole (Kenngott, Annaks des MineSt 1856, [5], viii. 495). 

More recently (1877) L. Sipocz {Lieln^s Annaleny clxxxviii. 343) has analysed 
miargyrite from Felsobanya, where it occurs implanted on quartz-crystals, ai^d 
likewise kenngottite, with results which show that the two minerals ^us named 
are identical, both being sulphantimonites of silver, AgSbS^ in which that metal id 
partly replaced by lead — or isomorphous mixtures of Ag*SbS® and PbSbS®. 

Analyses . — 1 and 2, Miargyrite: 1. Mean of two determinations; 2. The same 
recalculated after deduction of copper and iron, as unessential, and replacement of the 
lead by its equivalent in silver (Pb = Ag*); 3 and 4. Kenngottite) 3. Analysis. 
4. Hocalculated with the same corrections as in the case of miargyrite. 5. Values cal- 
culated from the lormula AgSbS^. 


1. 

S 

21*80 

Sb 

40*68 

* Ag 

32*77 

Pb 

4*01 

Cu 

0*51 

Fc 

0*19 

= 99*96^ 

Sp. gr. 

1 5*273 

2. 

21*80 

40*68 

36*95 




1 

= 99*43 J 

[ to 

1 5*322 

3. 

20*66 

39*46 

35*28 

1*76 

0*50 

0*25 

= 97*91 

5*2918 

4. 

20*66 

39*46 

37*12 

_ 


_ 

= 97 * 24 ] 

• to 
5*3822 

5. 

21*77 

41*50 

36*73 

— 


— 

= 100 



According to A. Woisbach {Ann. Phys. C%«m.[2], ii. 455) the crystals of miargyrite 
exhibit the axial ratio a: b : c = 0*9865 : 2850 : 1. Angle 5 (7» 48*41'. Weisbach 
also infers, from an analysis of Kenngottite by Eichter, which gave 30*12 per cent, 
silver with small quantities of arsenic and lead, and a specific gravity = 5*47 at 22°, 
that this mineral is merely a miargyrite comparatively poor in silver. To tlie same 
mineral Weisbach also refers Hausmann’s dull red silver ore (fahles Rothgilligere) 
from Andreasberg, with which also Broithaupt’s Hypargyronblcnde (Ilypargyrite) is 
very probably identical. 

MXCA. The following classification of minerals belonging to the mica-group is 
given by Tseherraak {Jahrb.f. Min. 1878, 71). Micas are divided into uniaxial and 
diaxial, and the latter exhibit two kinds of orientation, the uniting line betwe€«i=^^the 
optic axes lying, in the first, in a diagonal of the hexagonal lamellae, whilst it is per- 
pendicular to that direction in the second. Uniaxial mica was called biotile hy Uffmm - 
mann, whilst certain micas with small angles of the optical axes wore esUed phi^o- 
pite by Dana. The diaxial micas were all called muscovite. Non-ferroginouB £Qiia- 
mica IS called epidolite, and is similar to muscovite in its propeiti^, bll».tihat 
containing iron (zinnwaldite) resembles phlogopite. * ■ V iw* 

From the results of former investig'dtions Tsehermak arranges the micas y^'* the 
following manner: — r' 

I. II. ‘ 


Biotite. 

Phlogopite 

Muscovite. 


Margarite. 


Anumite. 

Lepidolite. 

Muscovite. 

Paragonitc. 

Margarite. 


^loroxene. Lepldg||«I^ne. 

Phlogopite. Zinniimmii; 
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The micas in CUass I. exhibit the same optical orientation, the plane of the optical axes 
being perpendicular to the plane of symmetry, whilst the plane of the optical axes in 
the micas of Class II. is parallel to the plane of symmetry. Anomite is a rare mica 
with peculiar chemical composition. Meroxene is the name given to all Vcsuvian 
micas. Tschermak concludes that all micas belong to th^ monosymmetrical (monoclinic) 
systevnt and that their twin>formation leads to the assumption of a system of axes 
which is characterised by the two axes in the plane of symmetry intersecting each 
other almost at an angle of 90°. This last peculiarity accounts for the rhombic types 
at one time and rhombohedral typos at another time observed to occur in these micas 
(iii. 1010). The optical relationships of the micas is given in the following table, the 
dispersion being stated in the usual manner (p denoting red and w violet light), and in 
addition +/ signifies that the positive optical axis angle is rendered greater by an 
increased amount of iron in the mineral, and — y that the same angle is diminished by 
an increase of iron : — 

I. 

Anomite . 

Lepidolite . 

Muscovite . 

Paragonite . 

Margarita . 

From this table it appears that with micas of Class I. the dispersion is generally 
p> u up to inargarite, and with the micas of Class II. p < u up to ziniiwaldite. In all 
these cases no relationship can be traced between the chemical and optical properties, 
a fact which agrees with Tsehermak’s observations in respect to aiigite and bronzite. 

N. T. Kokscharow, on the other hand {Jahrh.f. il/m. 1877, 798), regards all micas 
without exception as belonging to tho orthorhombic system, with the angle 
ooP ; QoPoo exactly equal to 120°, their monoclinic character of symmetry being only 
apparent, Tho axial ratio a : 6 : c is 1 : 1 73205 : 2-81953, or 0 57735 : 1 : 1*61518. 
Twins are formed according to the two laws : Twin-plane coP or c.-fs. 

II. Baumhauer (Afww/i. Akad. Jkr. 1874, 245; Ja^'resb. /. Chom. 1875, 2) infers 
from an examination of tho corrosion-figures produced on potash-mica and magnesia- 
mica by tho action of a hot mixture of fluorspar and sulphuric acid, that the former 
belongs to the monoclinic, the latter to the rhombohedral system. 

G. vom Rath {Pogg. Ann. clviii. 420) describes a six-sided plate of mica with re- 
entering edges (from Vesuvius) as a twin of the combination JP2 . ooP2 . OP, according 
to the law: Twin-^xis normal to OP; angle of rotation i20®. Tschermak {Min, 
Mitt, 1876, 87) describes twins of biotite from Vesuvius as belonging to the monoclinic 
system. 

PotMli^inlca. Muscovite. — According to M. Bauer (Berl. Akad. Bor. 187 
684 ; Jahrh.f, Min. 1878, 310), the micas of this variety are monoclinic, tho plane of 
the optic axes being perpendicular te the plane of symmetry, the optic median line 
forming with tho cleavage-face an angle of 88° 18' and the angle of the optic axes 
being equal to 40° 21'. 


. 9>u +/. 

. p> V 

. f>» +/. 

. p> tf 
. p > V 


Meroxene 
Phlogopito . 
Zinnwaldite . 


• p<'> -/• 
. p<v -/. 




1 

2 

3 

4 

6 

6 

7 

8 

Fluorine 


0*12 

not dot. 

015 

2*06 

2*16 




Syica . 


46*61 

45-81 

45*57 

47*01 

46*46 

48*76 

58*64 

40*77 

Alununa 


36*36 

36-78 

36*72 

32*46 

32*76 

29*91 

25*00 

16*69 

Jbino Oxide . 


1*33 

1*05 

0*95 





4*24 

5-11 

26*55 

Ferrous Oxide 


1*07 

not dot. 

1*28 

4*42 

4*01 

0*41 


0-78 

H^esia ; . 


0*66 

0*77 

0*38 

1*05 

103 

2*63 

2 11 

5*89 

Lisa* 


0*46 

not det. 

0*21 




0-33 

0-61 

0*86 

Lithia / . 


— 

— 

0*19 



trace 


— 



P<«aeb\ . 


not J 

9-22 

8*81 

8*86 

8-86 

6*83 1 

5*14 

607 

Sodw 


dot. ( 

0-79 

0*62 

1*56 

1*66 

2*31 1 

1*31 

1*40 

Water , 


4*93 

4*72 

5*02 

3*44 

3-44 

4-60 j 

2-08 

1 2-32 

■■ 


— 

— 

9 S -93 

100*86 

100*28 

100-02 ; ioo-oo 

1 

99*23 

Specific Gravity 

• 

1 2*830 

— 

2*846 


— 

2 * 7745 ; 

— 

2*967 


No. 4 contains traces oC litliia ; No. 5 traces oi' litainc oxide. 
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Analyses . — 1 and 2, from India, analysed by L. Sipocz. 3. From Bengal, by 
S. Blau (Ludwig, Jahrh.f. Min. 1874, 84). 4 and 5. White, from the granitic gneiss 
of New York (P. Schweizer, Anier. Chemist^ iv. 446). 6» Liglit-brown transparent 
plates mixed with oligoclase and orthoclase, distinguished by its large amount ol* 
sodium and silicon ; locality not stated (liobisch, Mitt. 1877, 271). 7. Mica 
from the eclogite of Saxony (£. v. Gerichten, viii. 703). 8. Micji from the horn- 
blende andesite of Transylvania, analysed by K. John (viii. 1043). , 

Kltbla-mlca. 1. Lepidolite from Paris, Maine, having a larger grain, and finer 
lilac colour than the following. 2. Lepidolite from llozcna, in Moravia. Bunsen a. 
Kirchoff found in this mineral 0*24 per cent, rubidium, wliich must be deducted from 
the amount of potash in the analysis given below : the spectroscope showed also a 
trace of caesium. 3. Zinnwcdditcy from Zinnwald, in Bohemia ; rubidium and emsium 
were detected in it spectroscopically ; thallium has not been found either in this or in 
any other lithia-mica (Berwerth, Jahrh.f. Min. 1877, 830 ; 1878, 316). 4. Mica from 
the neighbourhood of Portland and Middletown, Connecticut, distinguished by its large 
amount of ferrous oxide and by the presence of lithium, the lattor being recognisable 
by the colour which it gives to the blowpipe flame. This mineral is found in granitic 
veins in gneiss and mica-slate ; it is optically uniaxial (?), and intimately inteigrown 
with muscovite. The numbers under (4) are the mean of two analyses: 



1 

2 

3 

4 

Fluorine . 



616 

7*88 

7-94 

0-76* 

Silica .... 


• 

60*39 

60*98 

46*57 

36*61 

Titanic Oxide . 


. 

— 

— 

— 

1*46 

Alumina . 


- 

28*19 

27*80 

22*60 

20*03 

Ferric Oxide 



— 

— 

0*66 

0*13 

Ferrous Oxide . 



— 

0*05 

11*61 

21*86 

Mangftoous Oxide 



trace 

trace 

1*76 

1*19 

Magnesin . 



— 

— 

— 

6*23 

Lithia 



6*08 

6*88 

3*28 

0*96 

Potash 



12*34 

10*78 

10*46 

9*69 

Soda .... 



— 

— 

0*42 

0*62 

Water 



2*36 

0*96 

0*91 

1*87 

Phosphoric Anhydride 



— 

0*05 

0*08 

— 




103*61 

104*38 

106*48 

99*29 

Deducting 0 equiv. to F 

. 

. 

2*17 

3*32 

3*34 

0*32 

there remains 

• 

• 

101*34 

1 101*06 

102*14 

98*97 

Specific gravity . 

• 

• 

2*8646 

1 2*834 

2*9716 

2*96 


* Loss by ignition. 


Magnesia’ micas (see next page). 




1 

2 

8 

4 

5 

6 

7 

Silica 


40*81 

38*49 

40*24 

39*30 

40*34 

49-44 

39*66 

Titanic Oxide . 


— 

— 

0*56 

— 

— 




Alumina . 


16*47 

14*43 

12*92 

16*96 

16*14 

26*06 


Ferric Oxide . 


2*16 

6*44 

7-67 

0*48 

2*20 




Ferrous Oxide . 


6*92 

14*76 

2*15 

7*86 

0*77 

2*02 



Manganous Oxide 


— 

— 

— 

0*69 

— 

0*29 



Magnesin . 


21*08 

16*35 

23*29 

21*89 

27*97 

3*03 

22*25 

Baryta 


”” 

— 

— 

— 

2*46 

6*76 


Lime 



— 

0*35 

0*82 

— 

1*81 



Potash 


9*01 

8*12 

} not J 

7*79 

7*07 

7*64? 


Soda 


1*66 

0*33 

j det. } 

0*49 

2*58 

{ 

10*36 

Water 


2*19 

0*89 

0*68 

4*02 

3*21 

4*24 

4*10 

Fluorine . 


trace 

trace 

-- 

0*89 

0*82 

— 




99*19 

99*00 

— 

101*08 

102*66 

100*18 

100 

Specific gravity 

. 

— 

3*004 

— 

2*864] 

2*959 

2*83 

2*84 






at 16° 

at 16° 

at 10° 








MICA-PORPHTBT— MILARITB. 1821 

MaffBttsla-mlcaji* 1. ThlogopiU^ occurring, together with apatite, at Oede- 
garden, in Norway. Colour by reflected light, dark-reddish brown ; by transmitted 
light, rose-red in thick, yellow in thinner laminae. Optically biaxial (Broggen a. 
Ileusch, Jahrb. f. Min. 1876, 196). 2. Micji from Vesuvius ; blackish plates, im- 

planted together with vesuvian or limestone (Berwerth, 1877, 830; 1878, 316). 
3. Barytio PhlogcpUc, from Edwards, St. Lawrence County, New York ; brown trans- 
lucent plates. 4. Banftic Mica^ occurring imbedded in thin white layers in the 
emerald-bearing mica-slate of the Ilabach-thal, Salzburg: rhombic, with the faces 
ooP and OP ; cleaving very easily in the direction of the latter (Sandborger, ibid. 
1876, 624). 6. Euchlorite from Chester, Massachusetts (Pisani, Compt. rend. Ixxxiii. 

166). 

MZCA-PORPKYRY'. See Porphyry. 

HKZCA-SXATE. On the mica-slate region of the Saxon Erzgebirge, see 
Kalkowsky {Zeitschr. geol. Ges. xxviii. 682; Jahresh.f. Chem. xxviii. 682). 

BZZCA-TRAPP. On the mica-trapp of Metzdorf, near Oederan in Saxony, see 
Kalkowsky {Jahrb. f. Min. 1875, 488). 

nZZCROUlVE. Triclinic felspar contsiining from 11 to 16 per cent, potassium 
and only a small proportion of sodium (see Felspar, p. 776). 

XUZZGROXiZTE. Soo Tantalates. 

XIZZCROSOIMCIIIITE. A mineral discovered by Scacchi {Jahresh. f. Chem. 
1873, 1147) in the pores of blocks ejected from Vesuvius in the eruption of April 
1872, and further examined by G. vom Rath {Jahrb. f. Min, 1873, 644) and by 
Rammelsborg Acad. Bcr. 1876, 699). It has probably been formed by the 

action of volcanic vapours charged with sodium chloride on the leucites and augites 
of tho lavas. It is accompanied by iron-glancc. The crystAls, which are extremely 
small (1600 weighing only about 0*1 grm.), belong to tho hexagonal system, and 
exhibit the combination odP.qP, sometimes with P ; angle of the middle edge 
w 43*40°, whence the ratio of principal Jixis to the secondary axes is 1 : 2-88. 
Hardness — 6. Sp. gr. =2*6 at 15°. From the results of an analysis (A) made 
with a very small quantity of substance, vom Rath deduces the formula 
(|K*0.?CaO).Al*0*.2SiO* + NaCl + ^Ca(),SO®), which ‘gives tho values B, agreeing 
nearly with the analytical numbers, excepting that the percentage of sodium found is 
soraewliat greater than the calculated value, indicating that the sodium is present 
only as NaCl. 


SiO* 

A1*0* 

CaO 

K«0 

Na 

Cl 

SO* 


33*0 

29*0 

11*2 

11*6 

6*5 

9*1 

1*7 =* 

102 

33*0 

28*3 

10*6 

10*4 

6*3 

9*8 

1*7 = 

100 


Microsommito is therefore a member of tho sodalito group, nearly related crystallo- 
graphically to nephelin (vom Rath). 

According to Rammolsberg, tho crystals of microsommito are identical in form 
with nephelin, and consist of a mixture of two substances, one of which contains 
sulphuric acid, while the other is free from it. The remaining constituents, SiO*, 
A PC®, CaO, Na*0, K*0, Cl, are tho same for both. The silicate of the former is 
R*APSi*0*.2CaAPSi*0", while that of tho latter, which contains chlorine without sul- 
phuric acid, is R"APSPO«.2Ca*Al«Si®0» 

MZZiARZTS. This mineral, from Graubiinden, Switzerland, first analysed by 
Kenngott, who regarded it as a zeolite, and afterwards by Frenzel, who assigned to it 
the formula 3R®0.Ca0.AP0*.18Si02, regarding the water as basic (vii. 809), has been 
further analysed by Finkenor {Jahrb. f. Min, 1874, 61), who finds it to contain : 

BiO* A1»0" CaO MgO K“0 Nb* 0 H»0 Sp. gr. 

7004 11*62 10*05 0*20 2*74 0-66 1*69 = 99*99 2*5 

and by E. Ludwig (ihid. 1878, 411), who obtains the numbers given under A, which 
agree nearly with those found by Finkener, and may be represented by tho formula 
HKCaAm»0*» er n20.K20.2Ca0.2Al*0».24Si0*, which gives the values B : 

SiO* A1“0» CaO MgO K-O Na*0 H«0 

(A) . 71*81 10*67 11*66 trace 4*86 trace 1*36 = 100*36 

(B) . 72*66 10*39 11*30 — 4*74 — 0*91 = 100 

Sp.gr. - 2*6629. 

According to Tsehermak, tho crystals, apparently hexa^nal, are refilly rhombic 
intersection-twins according to oo P, and exhibit tho faces oo P oo, oo P3, 3P3, OP, 
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MI&X. Composition. 1. Of Human Milk. The following results hare 
been obtained by Brunner {PJluffer*s Archiv, f, PhyaiologUf vii. 446), and Christenn 
[Landfo. Vers. St. xx. 430) : 








Brunner 

Christens 

Total Solids 






. — 

12*76 

Water 






. 9000 

87-24 

Fat . 






. 1*73 

4*23 

Sugar 






. 6*23 

5*96 

Proteids 






. 0*63 

1*90 

Soluble salts 






. 1*41 

salts 0*28 


For the methods of analysis, see p. 
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Analyses of the Milk of women of different ages hare been published by H. Gerber 
{Bull. Soc. Chim. [2], xxiii. 342) : 


Age 

33 years 

82 years 

23 years 

27 years 

26 years 

28 years 

Water 

88-02 

86*22 

84*86 

86*62 

87-67 

93*17 

Butter 

2-90 

4*54 

6*23 

4-64 

3-44 

2*15 

Casein and Albumin . 

1*60 

2*81 

2*74 

2*03 

2-03 

1*06 

Sugar 

7*03 

6-96 

6*40 

6*46 

1 6-27 

3*46 

Salts .... 

0*31 

0*41 

0*75 

0*22 

0*67 

0*14 

Reaction . 

slightly 

acid 

neutral 

neutral 

alkaline 

poutral 

neutral 

Sp gr. . . . 

1*0272 

1*031 

1*029 

1*028 

1*031 

1*0216 


H. A. Mott (Amer. Chemist, vi. 364) finds that the milk of women of African race 
is richer in solid constituents than that of women of the Caucasian race. 

2. Cows* Milk. The following results have been obtained by Gerber {loc. cit.) 
as the mean of fobr analyses, and by C. A. Cameron {Che7n. News, xxxi. 64) as the 
result of forty analyses, of thd^milk of cows from Dublin dairies : 

Water Fat ProtelCdB Sugar Salta Sp. gr. 

Gerber . . . 86-21 4*18 4*43 4-28 0 86 *= 99-96 1*0262 

Cameron . . . 87-00 4-00 4-10 4-28 0-62 *= 100 

Stevenson Macadam {Anurican Chemist, v. 419; vi. 30) has analysed 66 samples 
of the milk of 46 cows from dairies in Edinburgh, and 7 samples from a farm where 
the cows were fed on good pasturage, with the following mean results : 


Edinburgh Milk from 

milk tho farm 

Total of Solid Constituents . . . . 12-27 12*77 p. c. 

Fat 2*68 2-88 

Ash 0*71 0*71 


From the individual analyses, Macadam concludes that the quality of the milk is 
affected by that of tho fodder and the amount of water contained therein, by tho 
season, the temperature of tho cow-house, tho race, age, and health of the cow, and 
the time of calving. Unadulterated milk from town dairies should have a density not 
less than 1*03, and should contain : 

Cream not loss than 6 vol. per cent. 

Solids „ 11 „ 

Fat „ 2 „ 

Salts „ 0*66 „ 

F. N. Macnamara {Chem. News, xxvii. 273) has analysed the milk of small Bengal 
cows, whose daily fo(ii usually' consists of about 12 lbs. of rice-straw, 2J oil-cake, 
1 lb. rice-husks, the water in which the rice for the &mily has been boiled, and 35 lbs. 
of water. Tho following are tho results ; 
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Milk of Bengal Cows. 



Age of calf 

Daily yield 
of milk 

Bvaporation- 
TQSiduo of the 
milk 

Casein 

Sugar 

Fat 

B 

1. 

1 month 

6| lb. 

15*12 

6*60 

3-98 

4-98 

0 76 p. c. 

2. 

2 

>> 

6 1, 

12-82 

4-30 

4-40 

3-60 

0-70 „ ,, 

3. 

2^ 


6 .1 

15-28 

5-76 

4*10 

4-10 

0-84 „ 

4* 

6 

99 

4 „ 

11-90 

4-30 

4-37 

2-52 

0*78 „ 

5* 

6 

1) 

10 .. 

12*04 

4-30 

4-10 

3 20 

0-70 ,. 

6- 

7 

It 

6 II 

11-65 

5*40 

3-86 

1-90 

0-82 „ 

7* 

10 

II 

4 „ 

11-92 

4-20 

4-37 

3-00 

0-68 „ 

8-* 

2 

II 

— 

15-90 

7*76 

3-40 

4-10 

0-90 „ 


* Tills cow was milked only every second or third day. 


Voclcker(C'Am. News^ xxxii. 26) has analysed the morning and evening milk from 
the farm of the Royal Agricultural College at Cirencester, for the several months of 
the year 1863, with the following rcsult.s: 




Jan. 

rcb. 

March 

April 

May 

June 

July 

Sept. 

Oct. 

Nov. 

Doc. 

Water . 

Morning 

87-70 

87-50 

88-60 

87-50 

88-20 

87-30 

88-70 

89-91 

87-60 

87-10 

86-70 

» • 

Evening 

87-40 

86-40 

88-16 

89-00 

87-80 

87-30 

87-80 

90-70 

90-30 

86-20 

86-00 

Butter 

Morning 

2-60 

2-68 

2-71 

3-15 

2-42 

3-05 

2-22 

1-99 

3-90 

3-41 

3-74 

II 

Evening 

2-28 

2-53 

2-96 

3-47 

2-71 

2-94 

3-61 

1-79 

2-99 

3-78 

4-12 

Ca-win ) 

and {• 

Albiuuin j 

Morning 

2-94 

3-44 

2-43 

2-94 

3-12 

3-00 

2-94 

2-94 

2-87 

2-94 

2-87 

Evening 

2-87 

3-37 

1 

2-62 

2-69 

2-87 

2-87 

2-81 

■J-81 

2-37 

3;19 

3-62 

Milk-sugar 

Moi-ning 

5-82 

5-44 

5-35 

6-60 

6-49 

6-89 

6-38 

4-l« 

4-84 

6-41 

6-92 

Evening 

(>•56 

5-06 

5-55 

6-08 

6-86 

6-06 

6-10 

4-04 

3-76 

6-68 

6-46 

Ash . . 

Morning 

0-94 

1-04 

0-91 

0-81 

0-77 

0-76 

0-76 

0-6 4 

0-79 

1-14 

0-77 

II . . 

Evening 

0-89 

1-14 

0-77 

0-76 

0-77 

0-84 

0-68 

0-66 

0-58 

1-16 

0-80 


E. L. Cleaver {Pharm. J. Trans. [3], iv. 973) has examined the changes produced 
in the amount of the solid constituents of milk by keeping. For this purpose, a 
quantity of milk drawn from the cow on April 30 was divided into several portions, 
one of which was analysed immediately, the others at the dates mentioned below : 



Total solids 

Eat 

Ash 

April 30 

12-48 

3-0 

0-7 

May 1 

12-37 

3-6 

0-7 

„ 2 

12-18 

3-6 

0*7 

„ 4 

12-12 

3-6 

0-7 

„ 6 

12-09 

3-6 

0-7 

„ 8 , 

12-07 

3-6 

0-7 

„ 12 

11-97 

3-52 

0-7 

„ 18 

11-97 

3-4 

0-7 


A careful examination of the milk of cows both in health and in disease has 
lately been made by A. Wynter Blyth (^Chem. Soc. J. 1879, xxxv. 630), whose analyses 
give for the average composition of healthy cows’ milk : 

Water Fat Sugar Casein Albumin Galactin principle Ash 

86-87 3-60 4-00 3-98 0-77 017 001 070 

besides a nitrogenous colouring matter called lactochromej the quantity of which was 
not determined, aud traces of creatine and urea. 

GaletcUn is described as a nitrogenous substance (regarded by Blyth as an alkaloid) 
which is precipitated, together with lactochrorao, from the whey by mercury nitrate, 
after the casein and albumin have been completely removed. On decomposing the 
mercury precipitate with hydrogen sulphide, and treating the filtrate (freed from excess of 
IPS) with lead acetate, a lead-compound of galactin is thrown down ; and this, when 
decomposed by hydrogen sulphide, yields a solution from which, by evaporation, the 
galactin is obtained in the form of a white, brittle, neutral, tasteless, non-crystalline 
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mass, soluble in water, insoluble in alcohol, and giving precipitates with sodium 
phosphomolybdate and metatungstic acid. The composition of galactin appears, from 
the analysis of its lead compound, to be 

The filtrate from the galactin precipitate, freed from excess of lead by hydrogen 
sulphide and treated with mercury nitrate, yields a precipitate of the mercury-compound 
of lactochrome, the composition of which is stated to be HgO.C®ll‘®NO* (?), and 
from this precipitate the lectochrcmie may be separated in the form of bright orange- 
red, resin-like masses, softening at 100*^, very soluble in water and in hot alcohol, but 
separating partially as the liquid cools. Strong solutions giro a simple spectrum, 
allowing most of the red and yellow rays to pass through. 

From analyses of the milk of diseased cows, Klyth infers that a cow suffering 
even from very acute disease (phthisis, pneumonia, congested liver, &c.) may give 
milk differing in no essential particular from normal milk, whereas local affections of 
the udder, characterised by bloody or purulent deposits, may easily be recognised by 
the presence of such products in the milk. The milk of a cow attacked by cattle- 
plague was, however, found by Blyth {Chem. News, 1876, xxxii. 244) to differ con- 
siderably in composition from normal milk, as the following numbers will show: 



Wator 

Fat 

Casein 

Sugar 

Ash 

Average normal milk 

87*660 

3-070 

4T60 

4-760 

0-730 p, c. 

Milk Ist day of sickness 

91*239 

0-390 

2-899 

4-809 

0*663 „ 




•s 

f 


„ 2nd „ „ 

79-903 

6-010 

14-380 . 

0*707 „ 

i> it If fi • 

86-320 

3-838 

9-136 

0-707 „ 

,, 3rd ,1 ,, . 

87*676 

0-891 

3-948 

7*162 

0*333 „ 

f» »> II 

83-852 

7-798 

3-469 

4-669 

0-212 „ 

II ^11 II II 

87*900 

1-062 

10-376 

0-662 „ 

7 ' 

II • II • II „ II 

86-067 

1-687 

10-849 

0-607 „ 

II 1^ 11 II II • ^ 

83-882 

3-961 

11*478 

0*679 „ 


The milk of the diseased cow contained organised structures which were not present 
in normal milk, and the globules of the butter-fat had a strong tendency to agglutinate. 

According to W, Fleischmanii {DingL pol. J. cexiv. 461), 100 kg. of milk, after 
being left at rest for twenty-four hours for the cream to separate, and then treated by 
the ice process, yield the following quantities of the several constituents : 


Kilograms 
20'00 Cream 


79'70 Skimmed milk 
0'30 Lobs 


3’66 Butter 
16*30 Butter-milk 
0*14 Loss 
7*93 Curd 
71'4t5 Whey 
0*32 Loss 
0’30 Loss 


100 


100 


The percentage composition of fresh cows’ milk, and of its products, primary and 
secondary, was found by Fleischmann to be as follows ; 





Water 

Fat 

Casein 

Albumin 

Milk- 

sugar 

Ash 

Whole Milk 



87*60 

3-98 

3-02 

0-40 

4-30 

0-70 

Cream 



77*30* 

15-46 

3-20 

0-20 

3*15 

0-70 

»Skim>milk . 



90-34 

1-00 

2-87 

0-46 

4-63 

0-71 

Butter 



14-89 

82-02 

1-97 

0-28 j 

0-28 

0-66 

Butter-milk 



91-00 

0-80 

3-50 

0-20 

3-80 

0-70 

Curd . 



69*30 

6-43 

24-22 

3-63 

6-01 

1-61 

Whey. 



94-00 

0-35 

0-40 

0-40 

4-55 

0-60 j 


The division of the individual constituents of the milk between the several products 
is represented by the following numbers : 
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Composition of Cows^ MUk. 




Water 

Fat 

Casein 

Albumin 

MUk- 

sugar 

Ash 

Butter 

^ J 

2 

73 

6 

4 

1 

5 

Butter-milk 

, 

17 

7 

20 

8 

mSM 

17 « 

Curd . 

1 

* 

5 

14 

64 

70 

Bn 

17 

Whey 

• • 1 

76 

6 

10 

18 

■I 

61 


3. Milk of other Animals . — Tho milk of sheep and goats has been analysed by 
Macadam {Phann. J. Trans. [3], iv. 959) ; that of mares and sows by Cameron 
(Chem. News, xxxi. 64) : 




Water 

Pat 

ProtcXds 

Sugar 


Ash 

Mare 

, 

. 90-310 

1*056 

1-953 

6-285 


0-397 

Sow 

. 

. 81-760 

5-830 

6*180 

5-335 


0*895 




Total Solids 

Pat 


Ash 



Sheep 

. 

. 17*78 

5-72 


0-94 



Goat . 

. 

. 13*43 

4-31 


0-73 



M. Schrodt {Landw, Versttchs.-St. xxiii. 311) found in the milk of a live-years’ old 
mare, ten weeks after foaling, 8*85 per cent, of dry substance, consisting of 1*27 
fat, 1*50 proticds, 5‘75 milk-sugar, and 0*37 ash. Tho fresh milk was perfectly 
neutral. 

J. Duval found in fresh mares’ milk an acid different from hippuric acid, which he 
designates as oquiuic acid (p. 736). 

Reaction of Milk with Litmus, ^c. — ^Tho most contradictory statements have 
been made as to the reaction of normal fresh cows’ milk with litmus, some observers 
having found the reaction of milk to be acid, while others describe it as alkaline. 
Soxhlet considers that milk possesses what he calls an amphottric or amphigenic 
reaction, i.e. that it has tho remarkable property of turning simultaneously red litmus 
blue ami blue litmus red ; and this arises from the fact that milk contains both acid 
and neutral phosphates of tlie alkali-mebils. II cintz maintains that a fluid containing 
both acid and ordinary alkaline phosphates simply imparts a violet colour to red and 
blue litmus paper. 

A. Vogel {J. pr. Chem. [2], viii. 137) uses, instead of litmus-paper, a carefully pre- 
pared neutral tincture of litmus, and, as the results of his experiments, states that he 
has never yet found fre.shly drawn cows’ milk with a decided alkaline reaction. When 
litmus- tincture which has been reddened by milk is left exposed to the air in a 
watch-glass, it gradually loses the red colour and passes into blue, whereas if it be 
closely corked up, it retains tho red colour, though in some cases it seemed to become 
slightly blue in the course of an hour or two. In either case it acquires after three 
or four days a deep rod, owing to tho formation of lactic acid. Hence it follows that 
normal fresh cows’ milk contains no free lactic acid. Litmus-tincture reddened by 
milk also becomes blue if shaken up and poured backwards and forwards from one 
vessel to another, and more especially oh heating. Vogel thinks that the restoration 
of tho l)luo colour in these cases is duo to tho escape of carbonic acid which fresh milk 
contains. Soxhlet also found that milk, when subjected to the action of the air-pump, 
gave up carbonic acid, and became decidedly alkaline. Other tests for alkalinity in 
liquids were also applied by Vogel to milk, with negative results. 

Out of the milk of 30 cows which was examined by Bischoff at Schleishcim, only 
two specimens showed tho double reaction with certiiinty. In the greater number of cases 
the reaction was cit her neutral or transiently acid. Some specimens, however, gave 
at first a weak alkaline reaction, quickly passinginto acid. This effect may have been due 
to tho absorption of ammonia by tho milk, as tho experiments were niiide in the stalls. 

Fermentation of Milk. — E. Beichardt (Arch. Pharm. [3], v. 210) observes that 
milk-sugar in conbict with yeast at 30° pas.ses into alcoholic fermentation. This 
observation explains tho fermentation of mares’ milk, which is utilised in the warm 
climate of Asia for tho preparation of alcoholic drinks, such as Koumiss, and likewise 
points out the moans of preventing the stx>iitaueouB fermentation of milk, by cooling 
it rapidly, keeping it in cool places, and protecting it from contact with dough or 
fermenting liquids, by which ycast-gorms might bo introduced into it. 

E. Tisserand (Compt. rend. Ixxxii. 266) observes that the nearer milk is brought 
to the temperature of 0° C., the more quickly does tho cream rise to the surface, and 
the more complete is the separation, so that the yield of butter is thereby increased ; 
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moreoveri both the butter and the cheese are improved in quality by exposure to low 
temperatures during their preparation, probably in consequence of the effect of the 
cold in arresting the development of organisms which excite fermentation. 

According to Soxhlet {Dingl. pol.J, ccxxiii. 329), milk cooled by ice-water remains 
swe^t and unaltered for fourteen days, but afterwards gradually acquires a rancid 
taste, and after twenty-eight days becomes coagulable by boiling, in consequence of 
the presence of acids formed by oxidation of the milk- fat ; after thirty-four days it 
was found to coagulate even in the ice-water. 

Observations on the use of Salicylic acid as an antiseptic in dairy operations have 
been published by Manetti a. Musso {Ber. ix. 1438 ; IHiann. J. Tracts. [3], vii. 176). 

On the use of Boric acid for preserving milk, see Hirschberg {Arch. Pkann. [6], 
520). 

Coagulation of Milk. — According to B^champ {Compt. rend. Ixxvi. 654, 836), 
the coagulation of milk is duo to the peculiar physiological activity of microsymes, 
which are present in normal milk, and simultaneously excite alcoholic, acetic, and 
lactic fermentation, whether they have been previously developed into bacteria or 
not. Becently drawn cows* milk contains alcohol and acetic acid, the quantities 
of which increase in the curdled milk. Matthieu a. Urbain, on the other hand, 
attribute the coagulation of milk to a process of oxidation, and the consequent 
formation of acids. 

The observation of Schwalbe (vii. 811), that the curdling of milk is prevented by 
oil ofmustardy has been confirmed by A. Vogel {N. Rep. Pharm. xxiii. 506), who finds 
that this compound greatly retards the formation of hictic acid. Bitter abnond oil 
and cinnamon oil likewise retard the formation of acids, but in a milch lower degree 
than mustard-oil. Turpentine-oil, clove-oil, benzin (light petroleum), phenol, carbon 
disulphide, and hydrogen sulphide, added in the proportion of 1 drop to 20 grams 
of milk, produce scarcely any retarding action. »Schwalbe*s observation that casein is 
converted by mustard-oil into albumin has not been confirmed by Vogel. 

According to Schreiner {Landw. Vermtehs.-St xxii. 60), boiled milk does not 
coagulate spontaneously so soon <as unboiled milk; whilst, on the contrary, boiled 
milk requires 10 to 12 per cent., more acid to coagulate it than unboiled milk does. 
The amount of rennet which serves to curdle freshi milk is insufficient to curdle one- 
tenth the amount of boiled milk, even when applied ten times as long, and at the same 
temperature (35® C.) The time required for spontaneous coagulation of fresh milk, 
and the amount of acid required to produce the same effect, depend on the amount 
of solids in the milk. Unboiled milk treated with rennet curdles the sooner, the less 
the amount of total solids. The amount of acid required to coagulate milk from the 
same animal increases in the time from the last calving up to the subsequent dry 
period, with the increase of the total solids during the lactation period. Milk from 
Friesland cows gave during this time an increase of solids of from 1 1 to 13 per cent., 
whilst that from Simmenthal cows gave an increase from 12 to 16 per cent. Crosses 
between the two breeds gave milk which sometimes approached the one, and sometimes 
the other in the amount of incri'ase. Milk, when boiled, evolves hydrogen sulphide 
which may be easily detected in the usual way. 

Dialysis of Milk. — ^When milk is subjected to dialysis through sized paper, the 
casein remains on the dialyser in the form of a finely divided precipitate insoluble in 
soda-ley, acetic acid, and in the concentrated diffusato of the milk, whence it appears 
to have undergone alteration. If the dialysis be allowed to go on for about thirty 
hours, and the inner liquid be then filtered, a neutral solution of casein is obtained 
nearly free from fat, containing only small quantities of the phosphates of magnesium 
and calcium, and yielding on acidulation a precipitate of casein : the soluble salts, 
therefore, contribute nothing to the retention of the casein in solution in the milk. 
If the dialysis be continued for a longer time, the casein becomes insoluble, and the 
diffusate contains a little albumin, together with a nitrogenous crystalloid substance 
which Schmidt regards as the solvent of the casein and of the calcium phosphata 
Casein, precipitated by acetic acid .from diluted milk, washed with water, dissolved in 
soda-ley, and freed from fat by ether, gave by dialysis a neutral liquid, yielding on 
acidulation a precipitate of casein which dissolved in the concentrated milk diffusate. 
Casein is therefore insoluble in water, but is retained in solution in milk through the 
agency of certain nitrogenous bodies. Casein, precipitated in consequence of spon- 
taneous acidulation, dissolves in the diffusate of milk ; casein precipitated by rennet 
does not. ' ^ 

Milk contains a ferment which converts milk-sugar into lactic acid, and therefore 
plays an important part in the spontaneous coagulation of milk. The coagulation 
produced by rennet takes place even in the alkaline liquid, so that the acid plays 
merely an auxiliary part in the coagulation (Al. Schmidt, N. Rep. Pharm. xxiv. 316). 
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Milk Analysis. The following method is given by Ritthansen {J, pr, Chem, 
[2], XV. 329 ; xvi. 314). The milk, diluted with 20 pts. of water, is precipitated by 
a solution of cupric sulphate, and the corresponding quantity of caustic potash or 
soda-ley; the precipitate, which contains all the proteids and all the fat, is collected 
on a weighed filter, and the filtrate is used for estimating the milk-sugar by Fehling’s 
process. The fat is extracted from the copper precipitate by ether and estimated, 
and the copper precipitate, after final washing with alcohol, is dried, weighed, and 
ignited, the loss of weight on ignition being reckoned as protein-substance. Kitthausen ** 
finds in milk a veiy small quantity of a carbohydrate different from milk-sugar, and 
exhibiting some resemblance to dextrin. 

G. Christenn (Landw. Verauchs.-St, xx. 439) has discussed the several methods 
which have been proposed for the analysis of milk, and gives the preference to that of 
llaidlen (iii. 1015), which may bo applied to the analysis of the milk of any animal. 

It consists in mixing the milk with one-fifth of its weight of finely powdered gypsum, 
evaporating to dryness at 110°, and weighing the residue, the loss giving the amount 
of water, and the weight of the residue, minus the gypsum, giving the weight of solid 
constituents. The fat is then extracted from this residue by other, then the milk- 
sugsir and soluble salts by alcohol of 85 per cent. The last residue contains the 
albuminoids and insoluble salts, the weight cf which is equal to that of this residue 
after deduction of the gypsum. The quantities of the soluble and insoluble salts are 
determined in the usiuil manner, and the weight of the latter deducted from that of 
the last residue gives the amount of the albuminoids. 

The alteKitions in this method, proposed by Christenn, are : 1st, to add powdered 
glass instead of plaster of Paris * to the milk before evaporating to dryness, in order 
to avoid errors arising from tlie hygroscopic nature of the plaster of Paris, and from 
the solubility of this substance in dilute alcohol. This latter source of error gives 
too high results for the sugar, at the expense of the albuminoids. 2nd, to dry the 
residue at 95°-100° instead of 110°. 

The following process, devised by Christenn, also gives satisfactory results, closely 
agreeing with tliose obtained by Ifaidlen’s method. 10 grams of milk are mixed with 
10 e.c. of ether and 20 c.c. of alcohol ; the mixture is well stirred; and the precipitated 
albuminoids are collected on a weighed filter, and washed with a mixture of 1 part of 
other and 2 of alcohol, until the filtrate, which is at first turbid, begins to run through 
clear. The precipifiito, dried at 95°-100°, gives the weight of albuminoids and in- 
soluble salts; and the .weight of the latt<?ris obtained by ignition. The filtrate evaporated 
to dryness gives the amount of fat, soluble salts, and milk-sugar; the fat is extracted 
with ether, the residue weighed, and the fat determined by difference. The mixture 
of .soluble salts and sugar is ignited, and the residue treated with hot water. The 
weight of soluble salts is obtained by evaporating the aqueous solution to dryness and 
igniting. 

Estimation of Fat . — Macnamara (Chem. News, xxvii. 242) encloses 10 c.c. milk 
and an equal volume of other and alcohol in a tube holding 50 c.c., heats the liquid 
for two hours to 80°, then empties the tube, evaporates down to 10 c.c., agitates the 
residue with other, and weighs the residue of the ethereal solution after drying it 
at 100°. 

Brunner (for the analysis of woman’s milk) adds acetic acid in quantity sufficient 
to neutralise the alkaline reaction, heats the liquid to boiling, and adds an indifferent 
salt, such as magnesium or .sodium sulphate. The resulting precipitate contains the 
whole of the proteids and of the fat which latter may be exhausted from it by ether. 

J. Horsley (Chem. News, xxix. 224) estimates the fat by introducing 15 c.c. of the 
milk into a graduated glass tube 1 1 inches long, then adds an equal volume of ether, 
and agitates continuously for five minutes. An equal quantity of alcohol is then added, 
and the liquid, after renewed agitation for five minutes, is left at rest for some time, 
whereupon the fat collects at the top as an oily layer, and may be directly read off by 
the grailuation, or pipetted off and weighed. The casein separated in this operation may 
be removed by filtration, and the milk-sugar and salts determined in the filtrate by 
known methods. 

E. L. Cloaver (Pharm. J. Trans. [3], v. 703, 718) has compared the several methods 
proposed for the estimation of fat in milk, and has arrived at the following conclusions : 

(1) . Cold ether does not dissolve the whole of the fat from a dry milk-residue. 

(2) . Neither does boiling ether take up the whole if the milk-residue is in the state of a 
coherent mass. (3). The residue should be finely pulverised, and treated with boiling 
ether at least 3 or 4 times. (4). During evaporation the Ixyiling of the other must, as 
far as possible, be avoided. 

* All gudh additions may, however, be dispoiised with, since Wanklyn has shown that milk-residues 

may be easily and completely driiHl withont the addition of any solid matter (vi. 830). 
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W. C. Heraeus {Arch. Pharm. [3], xii. 443) estimates fat and water in milk by 
introducing 10 grams of the sample mixed with powdered glass into a small silver 
boat, placing tlie boat in an iron tube, one end of which is connected with a Bunsen 
pump, and the other with a glass tube containing quicklime, and draws air at a tem- 
perature of about 35° through the tube for 30 minutes, at the expiration of which 
time the mixture is found to be perfectly dry. The residue is treated with petroleum 
ether, and the fat determined from the loss. 

Estimatim of and Proteids . — Nencki {Deut. Chem. Ges. Per. viii. 1047) 

finds the direct method of estimating the proteids in woman's milk unsatisfactory, 
and recommends that the milk bo evaporated to dryness with lead chromate, and the 
nitrogen estimated by Dumas* method. The following are the analytical results : 


Days after birth 
12 
13 
15 
4 
8 
9 
10 
4 


Albumin directly 
found 
1-6 
1-26 
1*26 
2-3 
1-3 
112 
112 
1-38 


Albumin calculated from 
the uitroKcn found 
2-26 per cent, 
2-26 
2-70 
319 
2*40 
2*94 
1-77 
2*76 


L. Liebermann {Wein. Ahad. Per. [2 Abth.], Ixxii. 118) finds that, in the analysis 
of milk by the methods of Brunner and of lloppe-Scylcr, a considerable portion of the 
protein- substance escapes precipitation, whereas llaidlen’s nudlicMl precipitates the 
whole. The proteids of milk may also be completely precipitated by hiimin. Milk 
contains a proteid distinct from albumin and casein, but no nitrogenous body not 
belonging to the proteid group (comp. Wynter-Blytli, p. 1323). 

G. Lachenal {N. Arch. ph. nat. Iv. 187) has made comparative analyses of the milk 
of women and of cows, in order to determine whether the whole of the protein-snl)- 
stances can bo obtained by precipitation. For cows’ milk, be found by precipitation 
3'1 per cent., by riitrogen-ostimation (Dumas* process) 3*14 per cent, of protein-sub- 
stance; for woman’s milk, l*4i per cent, by precipitation, 2’53 by nitrogen estimation. 
For cows’ milk, therefore, both methods arc applicable, but for w'oman’s milk this is 
not the case. Cows' milk is richer in proteids than human milk. The serum of cows* 
milk, after coagulation of the proteids, contains neither casein nor albumin, whereas 
in woman’s milk, after coagulation, nearly the half of thc.so bodies remains in the 
serum. 

To estimate the. casein, Manetti a. Musso pour 60 c.c. of very slightly acidulated 
milk into a bjisin, and heat it to 39®-40° over a water-bath having a tempt^rature 
of 50°-60°, then add a few drops of glycerin-solution, and expose the liquid to a 
temperature of 36°-40°. When the coagulation is complete, the mass is chopped up, 
washed on a filter, and freed from fat by digestion with alcohol and ether, and the 
coagulum is dried at 116° and weighed. The phosphates precipitated at the same 
time are estimated by incinerating the dried mass. 

The following method for the estimation of casein and fat in milk is given by J. 
Lehmann {Liehifs Annalen^ clxxxix. 368-307). Five grams of milk diluted with an 
equal weight of distilled water are allowed to flow slowly from a pipette on to a porous 
earthenware plate standing over sulphuric acid, but covered with a clock-glass to pre- 
vent the evaporation of the milk. The pores of tlie plate must be so small as not to 
admit the passage of the smallest milk-globule, the diameter of which is 0*001 to 
0*025 millimeter. In two hours the serum of the milk will be absorbed by the plate, 
leaving behind the casein and fat. This re.siduo is removed by the aid of a sharp horn 
spatula, dried for tw'O hours at 105°, and weighed. The fat is dissolved out in the usual 
vray with ether ; and the residue, consisting of casein and mineral matter, is weighed, 
then ignited, and the weight of ash deducted from the weight of casein and ash. This 
method gives good results ; the fat determinations agree with those made by the 
ordinary process of cvaporatiiig to dryness and extracting with ether ; but the amount 
of casein is higher than that which Iloppc-Seyler obtains by precipitating with acetic 
acid. The greit drawback to the process is the difficulty of obtaining plates possessing 
the requisite degree of porosity. 

MZlbX-SVGAR. See Suoars. 

MZirilRAXiS. Formation of MetaUiferous Veins. — F. Sandberger {Dent. Chem. 
Ges. Per. X. 2233), has examined a number of rock-forming minerals, such as olivine, 
hornblende, .angite, and mica, for constituents occurring in the metalliferous veins by 
which the rocks are traversed, e.g. silver, lead, copper, zinc, cobalt, nickel, bismuth, 
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arsenic. The result of this examination shows a most intimate relation between the 
minerals in the veins and these traces of constituents in the adjacent rocks, and thus 
affords a direct proof of Hischof 8 suggestion ‘that the metals of sulphuretted ores 
existed previously as silicates in the neighbouring rocks.’ 

Experiments and observations on the accumulation of copper-ores in veins 
have been published by C. A. Burghardt (^Ckem. Mws, xxxvi. 281), leading to the 
conclusion that crystiilline rocks conUiin metallic copper, which is converted by solu- 
tions of sodium chloride and carbonic :icid into cuprous oxide, cupric chloride, and 
luiilachite. Experiment showed furtlior that iron pyrites and a solution of cupric 
chloride react at 135°-210°, in such a manner as to form cuprous chloride, ferrous 
sulphate, cupric sulphate, and cuprous oxide ; and that cupric chloride with water at 
160°-180'^ yields a body resembling atacamite, together with free hydrochloric acid. 
The occurrence of brown haematite in association with copper ores is referred to the 
further decomposition of the ferrous sulphate, and the transference of silica to the 
veins in the form of opal, to the action of the hydrochloric acid on the adjacent rock. 

On the Reduction of Noble Metals by Metallic Sulphides in the Veins, see Mktals 
(p. 1287). 

Formation of the Minerals which accompany Metalliferous Veim. — Experiments, old 
and new, on the formation of these minerals, have been published by Th. Schcerer 
{Fogg. Ann. Jiihelb. 1874, 314). Calcspar is formed from solutions of calcium carbon- 
ate in water containing carbonic acid ; in like manner dolomite , and probably also 
brown spar, from the corresponding solutions. Barium sulphate may bo obtained in 
crystals partly grouped together, by heating a dilute solution of barium chloride to 
246° with a slight excess of sulphuric acid. The artificial formation of Jluorspar, and 
the simultaneous formation of fluorspar and heavy spar, have already been described in 
this volume (p. 798). Silica and jluorspar were obtained by the mutual action of 
barium silico-flnoride and calcium chloride at 250°, the latter in octohedrons, the 
former not as (quartz but as a hydrate. All Schoerer s experiments on silica led to 
the same result, so that tlio attempts to obtain quartz were not successtiil.. The 
crystiillisation of fluorspar in octohedrons at high, and in cubes at ordinary tempera- 
tures (p. 798), may throw light on the oceurrenco of the octohedral form in the older 
veins, and of tlio cube in those of more recent formation.^ All these experiments point 
to the conclusion that the minerals accompanying metallic ores, and therefore also the 
veins of ore tliemsclvcs, have been formed in the wet way, in some instiinces under 
high pressure and at higli temperatures, 

JJecompositmi. — According to E. W. Clarke l^Sill, Am. J. [3], xiii. 290), many 
minerals may be decomposed by mixing them in fine powder with a threefold weiglit 
of common salt, covering the mixture with 12 to 15 parts of acid potassium sulphate, 
and fusing it. 

Decomposition by Carbonic Acid. — J, R. Muller {Jahrb. f. Min. 1877, 739) has 
examined the action of water conUiining carbonic acid, continued for seven weeks 
iiridt-r a pressure of 3-J atm. on the following minerals and rocks : 

1. Adularia from the St. Gotlhard. 2. Oliyoclase from Yttorby. 3. Hornblende 
rock from Altenburg : admixed quartz was as for as possible removed. 4. Magnetic 
iron oxide from the Greiner : crystallised. 6. Magnetic iron ore from the Kaschberg 
in Boliernia : a mixture of augito and raiignetic iron oxide, which latter was as far as 
possible removed by the magnet. 6. Moroxite from Hammond, N. America, in 
crystals of the combination ooP . P . ooP2. 7. Apatite from Katharinenburg. 
8. Asparagm-stone (a variety of apatile) from Chili. 9. Olivine rock from the Ulten- 
thal. 10. Noble Serpentine from Snarum. 

In the following table the first eight columns show the number of parts out of 100 
of each constituent of the mineral which passed into solution; the last gives the total 
amount per cent, of matter produced : 



SiO” 

A1“0“ 

K»0 

Na=0 

MgO 

CaO 

P*0‘ 

FcO 

Total 

1. 

0-1552 

0-1368 

1-3627 

— 

— 

trace 

— 

trace 

0-328 

2. 

0-237 

01713 

trace 

2-367 

— 

3-213 

— 

trace 

0-533 

3. 

0-419 

trace 

— 

trace 

trace 

8-528 

— 

4-829 

1-536 

4. 

— 

— 

— 


— 

— 

— 

0-942 

0-307 

6. 

trace 

— 

— 

— 

— 

29-016 

— 

2-428 

1-821 

6. 

— 

— 

— 

— 

— 

1-696 

1-417 

— 

1-629 

7. 

— 


— 

— 

— 

2-168 

1-822 

— 

2-018 

8. 

— 

— 

— 

— 

— 

1-946* 

2-12 

trace 

1-976 

9. 

0-873 

— 

— 

— 

1-291 

trace 

— 

8-733 

2-111 

10. 

0 354 

__ 

— 

— 

2-649 

-- 

— 

1-527 

1*211 


Former analyses of the several minerals and rocks were used in the calculations, 
VoL. VJIl. 4 R 
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80 far as th^ were available ; the following analyses were made specially for this 
inquiry : 

SiO“ P«0‘ A1*0> Fo'O* FeO MgO CaO K»0 Na"0 H*0 

1. 66-24 - 18-15 — trace — 1-28 14*96 ~ — *99-63 

3. 49-12 — 9-004 14*62 10-305 6 02 8*761 — 2*13 — =99*86 

6. 1 0655 — 0-4815 61-14 32*2164 — 3*507 — — — =99*4104 

6. - 44*088 — 1*066 — — 53*319 — — — =98*756 

9* 40-60 — 0-86 — 12-36 45*81 trace — — — =99*62 

10. 40-82 — 2-19 — 6*01 36 78 — — — 13-48 =99*28 

In 6 also Gl=0-283 per cent. ; in 9 traces of copper. 

The solutions of the following minerals in aqueous carbonic acid wore examined 
only qualitatively: (1). Potash mica from tho Ural yielded CaO, FeW, with 
trfico of SiO*. (2). Cobalt-bloom from Schneoborg, with admixed quartz yielded Co, 
Ni, hV’O*, SiO". (3). Nickel-bloom : Ni, Co, Fe*0*. (4). Wolfram from theZinnwald, 
mixed with quartz, MnO, Fe-0®, SiO-. 

The final conclusions are as follows : Among the silicates examined, the most easily 
decomposible is olivine; the bases and acids removed from this rock are to one 
another in about tho same proportion as in serpentine. Hornblende is more easily 
decomposed than felspar ; oligoclase more easily than adularia. The most refractory 
of all the substances was magnetic iron oxide ; apatite is easily attacked, and exhibits 
after treatment a striking contrast to the appearance of the fresh apatite-crystals of 
the rock under the microscope. 

Action of Organic Acids on Minerals, — ^H. Carrington Bolton <Chem. News, xxxv. 
114) finds that, contrary to preconceived ideas based on general notions of the weak- 
ness of organic acids, many minerals in fine powder are decomposed by boiling with 
solutions of citric, tartaric, oxalic, and other organic acids. A large number of Ciir- 
bonates dissolve with effervescence in solutions of the above-mentioned acids, and many 
sulphides, silicates and other classes of minerals are more or loss completely decom- 
posed. Tho reactions which accompany these decompositions, such as evolution of 
gases, formation of crystalline precipitates, &c., are characteristic of certain minerals. 
Moreover, since citric and tartaric acids decompose potassium nitrate, with liberation 
of nitrie acid, a powerful means of attacking sulphides and arsenides which resist 
organic acids alone is obtained. Metallic copper, lead, tin, and silver also dissolve in 
the above mixture of reagents. Chlorate of potassium is slower in action than tho 
nitrate. • Various silicates yield readily to the aclion of citric acid in solution, 
gelatinising as with mineral acids. Besides these acids, Bolton also examined the action 
of malic, formic, and acetic acids on carbonates, for the .sako of comparison, acetic acid 
giving the least satisfactory result. He recommends tho use of these non-volatile 
acids for mineralogical as well as microscopic work, as tho dry acids are readily trans* 
ported, aud can bo dissolved when needed. 

Observations relating to the same subject have been made by B. J. Orosjean (ibid. 
190), who finds that a weak solution of tarfciric jicid acts more readily on calcium 
carbonate than a strong solution containing the same weight of the acid. Wlien the 
carbonate, cither precipitated or in the form of whiting, was digested in 20 pts. of 
boiling water containing 4 pts. of tartaric acid, nothing was di.ssolved in either case, 
even w-hon the acid was doubled and concentrated to a syrup. When, however, the 
carbonate is treated with 20 parts of water saturated with tartaric acid, the carbonate 
dissolves even without dilution of the Jicid. 

On the action of Iodine, Polonium iodide, and Citric acid on certain Minerals, see 
Bolton (Chem. News, xxxviii. 168 ; Ckcm. Soc. J. xxxiv. 940). 

Pyroraetric examinations of individual mineral species have been published by 
W. A. Ross (Chem. News, xxxvi. 106, 156). 

On the Mectric Conductivity of Minerals, see Electricity (p. 719). On the Heat- 
Conductivity of Minerals, Hocks, and Saifs, see Heat (p. 1017). 

On Fluid-cavities in Minerals, see p. 793. 

Minerals formed by the Volcanic Vayours of Vesuvius, — After tho 
eruption of April 26, 1872, numerous minerals were fimnd amongst the sublimation 
products, including various silicattjs and fine crystals of apatite, together with iron 
pyrites in several forms, and laigo quantities of tenorite. The ciystals of the latter 
mineral, without losing their shape, have been changed by tho hydrochloric acid 
escaping from the fumai;oles, into a greon body, name<l, ateline which contains 45-59 of 
cnpric oxide, 38-19 of cuprous chloride, and 16-22 of water. Sylvine and sodium 
chloride were found in large quantities, and generally mixed together. Sal-ammoniac 
was abundant and in the finest crystalline forms, but not in octohedrons ; it was also 
found in the fumeroles in beautiful yellow crystals, formed after the colourless ones. 
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The crystals were black at a spot where a charred tree stump lies buried in the lava. 
Fluorine was found in combination with ammonia and silica, probably as a double 
salt, 2NH*F.SiF^ for which the name cryptohalite has been proposed. Calcium 
chloride occurred in large quantities ; it seems to haA^e been formed at the beginning 
of the eruption ; eotunnite was abundant. A new mineral, mjthTontkrite^ consists 
of red rhombic crystals. Ferric chloride, (Fe‘‘*Cl® + jrlPO), occurs in the clefts of the 
lava, and is often mistaken for sulphur. Sodium-potassium plphate, aphthalos^ or« 
aphihithalit-ef was found in white hexagonal laminae. Anhydrite was not so common. 
Hydrofluoric acid was found inside the crater in masses of gypsum and sulphur 
(G A"om Rath, Jahrb. f. Min. 1877, 844). 

Minerals and Hocks of the Island of Vulcano (A. Coss<a, Gazz. chim. ital, 
1878, 235). — This island, belonging to tho Li pari group, contains large deposits of 
potassium-alum, mixed in various proportions with the alums of thallium, caesium, and 
rubidium. 

The principal deposits of alum are found in tho caves of the Faraglione and in the 
great crater. Tho Faraglio?io, also called ‘ Rocca delT alume,' is a mass of trachytic 
rock — decomposed for tho most part by sulphuric acid — situated at the southern 
extremity of the narrow isthmus which joins Vulcanollo to Vulcano, and stretching 
laterally towards the sea. The potassium-alum in its cavities is intimately mixed 
with aluminium sulphate, gypsum, and sal-ammoniac. In tho inner northern wall of 
tho crater of Vulcano there is a rather extensive space called ‘ la Sckicciola' formed 
of a white compact rock to which the potas.sium-alum adheres in layers of A’^arious 
thickness. From several places in this rock there drips a liquid having a strong acid 
refaction, and dense enough in some parts to form stalactites with concentric ?»ues. 
In other parts of tlio same locality, the liquid which drops from tho Assures of the 
rock contains — in addition to potassiurn-aliim — aluminium sulphate and sodium-alum, 
which, being much more soluble than the potassium-alum, separate from the latter, 
and collect at the base of the rock in a crystalline mass of very slender needles, form- 
ing the outermost layer of the erystalliiie matter whieh adheres to the rock.* These 
more soluble salts exhibit lier(’ and thpre a faint yellow tint tluc to iron-compounds, 
or a green tint arising from copper. A specimen examined by the Ijlow-pipc gave tho 
reaction of cobalt, the presence of which was conflrmoci by testing in the W'et w\ay. 

The alum of la Sckicciola, as it comes from the rock, gives a scarcely perceptible 
indication of tho presence of thallium, even when examined with a good spectroscope, 
the sodium salt with which it is contaminated interfering with the development of tho 
lines which are characteristic of tho c»th(T mentals ; but the loss soluble salts, when 
purilied by repeated crystallisation, show distinctly, not only the single green line of 
thallimii, but also t he lines a and jS of caesium and rubidium. 

Tlie alum obtained from ditforent parts of la Sbhicciola contains various quantities 
of caesium and rubidium. Tho exact amounts have not yet been determined, on 
account of the difficulty of separating these two metals from potassium, and tho still 
greater difficulty of separating them one from the other. Cossa is, hoAveA^er, of opinion 
that, with tho exception of pollux, a mineral found in extremely small quantities on 
the island of Elba, the alum of Vulcano is tlic richest known source of caBsiiim and 
rubidium. 

The separation of cicsium from rubidium is most completely effected by Godoffroy’s 
method of precipitation Avith antimony trichloride from a solution of the two alums 
in hydrochloric acid, whereby tho c;jesium is c<}mpletely precipitated in the form of 
the double chloride, SbCl’.CCsCl, whilt‘ the whole of tho rubidium remains in solution 
{Deut. Chcni. Ges. Bn\ vii. 375; viii. 9; Chem. Soc. J. 1878, ii. ‘-172). ^tolba’s 
method of precipitation Avitli stannic chloride {Dimgl. pol. J. cxcvii. 330 ; cxcviii. 225) 
does not give good results, tho stannoohloride of rubidium, us well as that of caesium, 
being insoluble in strong hydrochloric acid. 

To determine AA'hctlicr the rock of /a Sckicciola to w'hich the alum adheres has been 
simply percolated by a solution of caesiforous alum, or whether the materials of this 
alum have boon furnished by tho decomposition of tho rock itself, fragments of the 
rock, after being repeatedly washed with water to remove the alum, were finely pul- 
verised, and the powder was further washed Avitli boiling Avatev, till the washings, 
when examined by tho spectroscope, gave not tho slightest indication of potassium. 
The remaining powder was then decom|)osed with a mixture of strong sulphuric and 
hydrofluoric acid, and tho mass was washed with boiling water to remove the greater 
part of the sulphuric acid, whereby a solutien Avas obtained which, when duly concen- 
trated and left at rest, do^K^sited fine crystals of pot assium-alum, the solution of which 
gave by tho spectroscope distinct ovidenco of caesium and rubidium. Hence it is 
highly probalde that these two metals existed in the rock in the form of silicates. ^ 

The mother-liquors separated from the first crystals of the alum obtained as just 
described, and containing largo quantities of the sulphates of aluminium and sodium, 

4 K 2 
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with traces of lithium sulphate, yielded, on addition of sulphuric acid, a precipitate of 
arsenious sulphide mixed with selenium sulphide. The form in which the 
arsenic and selenium exist in tho rock has not yet been determined. 

The rock of la Schkewla has a white colour with a slight tinge of yellow, and 
melts with difficulty, even in thin splinters, producing a white enamel. Its sp. gr. at 
12® varies from 1942 to 2 011. It appears to belong to tho liparite group, and con- 
tains, in the midst of a microfelsitic paste which does not depolarise light, crystals of 
orthoclastic felspar, some of which are twinned according to the Carlsbad law. Tho 
quartz, which is chiefly in the form of tridymite, does not contain any fluid-cavities, 
but exhibits polyhedral corpuscles. The rock also contiiins some very small isometric 
crystals, the mineral species of which has not yet been determined. 

Throe unaltered lavas from Vulcano, after treatment with sulphuric acid, also 
yielded crystals of alum cuntiiining caesium and rubidium. 

On the edges of a small fumarole at the bottom of the crater of Vulcano, there is 
found a spongy substance having a crystalline texture, reddish on the surface and 
dark ash-coloured below. It consists of a mixture of arsenious sulphide, selenium 
sulphide, boric acid, ammonium chloride, lithium sulphate, thallium- and civsium- 
alums, and traces of rubidium- and potassium-alums. On treating it with boiling 
water, the sulphides of arsenic and selenium' separate out, and tho slightly concen- 
trated solution soon deposits the sparingly soluble alums of thallium and ciesium. 

Another substance, similar to the preceding, except in the absence of the sulphide.s 
of arsenic and selenium, is still richer in the alums of caesium and thallium. In all 
these porous substtmeea which cover the walls of certain fumaroles, and have the aspect 
of burnt alum, the quantity of caesium is much greater than that of rubidium. 

Aluminium sulphate, mixed with tritccs of alums, occurs also 'in the numerous 
mineral springs which rise up in various parts of the island. 

To the south-west of the Karaglione, not far from the works where the boric acid 
and sulphur are purifled, there is a well containing water about a foot and a half deep, 
from the bottom of which bubbles of gas are continually rising in largo quantity, so 
as to give the water the appearance of boiling. This ga.s consists chiefly of carbon 
dioxide, whence the well was called by C. Sainto-Clairo Devi lie, la Grotta del Cane 
deU isola di Vulcano, The following are analyses of the gas by Devillo and Cossa : 


Devillc, July 9, 1866. Cossa, Oct. 17, 1877. 

Temp, of the jyas ¥ 25®. Temp, of tho water + 22®. 


CO*. 

. 86*0 

83*0 

860 

78*0 

800 

0 . 

. 0*4 

00 

00 

0*6 

0*6 

N . 

. 136 

17*0 

140 

21-5 

19'4 


1000 

1000 

1000 

1000 

1000 


MZRIQVIBZTS. This name is given by Frenzel {Jahrh.f. Min. 1874, 678) 
to a bbickish or yellowish-brown mineral, accompanying the copper-uranium phosphate 
(Kupferuranglimmer) of Schnoeberg in iSaxoiiy. It is a highly basic mineral contain- 
ing Fo'-'O*, As-0*, P“0\ ami H-0. According to vom Kath, the small hexagonal 
crystals exhibit the combination E . — ^R, and have the angle R ; E = 66® ; wlioiice 
the ratio of the principal to tho secondary axes i.s 3'3G3 : 1. 

MXSTBSTOE ( Visettm aVmm). The {ish-con.stituents of this plant, growing on 
poplar, acjicia, and pine, together with those of the wood of thc.se trees, have been 
analysed by Grandeau ami Bouton {Convpt. rend. Ixxxiv. 129, 600). The following 
table contains the amount of a.sh per cent, in the dried plants, and tho percentage 
composition of tho ash for poplar I, acacia II, and pine III : 

These numbers show that the mistlettje assimilates tlie mineral constituents of the 
plants on which it lives in very unequal proportions, and that these proportioris bear 
no direct relation to tho ash of the plant itself. The amounts of protoi’ds, fat, and 
woody fibre in the mistletoe likewise vary with those of the plant on which it grows. 

Grandeau and Bouton have likewi.se investigated the proximate composition of tho 
branches, leaves, and fruits of tho mistletoe from the oak, willow, clog-wood, and pear- 
tree, with the view of determining the relative nutritive value of tho same when 
employed for feeding cattle. From the numerical results, the following facts may be 
gathered: 

That while tho composition of the Icai and branch of the same specimen is nearly 
identical, their percentage of nitrogenous constituents, when compared with th.at of 
the same parts of mistletoes growing on different trees, varies very greatly, as much as 
26*66 to 13 02 per cent, for the leaves, and 20*4 to 7 '25 per cent, for tho branches. 
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Ash of Mistletoe. 



Wood 

Mistletoe on 


l" 

u 

III 

I 

11 

HI 

Ash (free froia CO*) 

3037 

2*063 

1*609 

3*461 

2-132 

3-139 

P^O» 

4*769 

3*463 

7-887 

26*289 

12-025 

13*109 

SO* 

1*490 

0-784 

2-798 

2*088 

2-741 

3*353 

SiO* 

6*813 

11*773 

2*033 

4*791 

6*413 

1-212 

CnO 

66-467 

76*038 

67*429 

32*555 

46*392 

27*133 

MgO . . . . . 

Mn'-'O* . . . . } 

8*196 

2*511 

7*124 

9*213 

6-723 

12*194 

10670 

Fe*0» 

2-384 

1*884 

1*017 

6*405 

2*198 

1*624 

K‘0 

6-5S7 

2*364 

8 396 

16-093 

15*903 

30 791 1 

Nu'^O 

2*682 

0-471 

2-033 

2-088 

2*585 

trace 

Cl 

1*639 

1-726 

1*272 

1-474 

2*017 

trace 1 


99*997 

99994 

99*989 

99*996 

99-997 

99*993 i 

Oxygen equivalent to chlorine 

0*369 

0*388 

0*286 

0*332 

U-482 

— 


9yr>28 

99*606 

99-703 

99*664 

99*515 

99*993 

CO* in 100 pts. of ash . 

27-47 

31*765 

25-878 

16*636 

20*167 

18*99 


That the fruits of pear-tree and dog-wood misi lotoe are comparatively poor in 
nitrogenous substances. 

That the percentage of non- nitrogenous extractive matter varies greatly in mistle- 
toes growing on different trees (#53 20 to 39*94 per cent.), wliile theproportionrfof gum 
and resinous niatt(!r are tolerably constant. 

That the percenUige of ash bears no wcU-markct] relation in any way to the 
nutritive value of the specimen. Grandeaii a. Bouton are of opinion that the com- 
position of the green parts of the mistletoe, as shown by their analyses, perfectly 
justiiies the use which is made of it in some districts as an article of fodder. They 
think that the mistletoe of the oak may rank in nutritive value with ordinary grass 
and clover ; that the leaves of the dog- wood and pear-tree mistletoes are about equal 
to good hay ; and that their branches arc about equal in nutritive value to pea-straw, 
bean-straw, and the chaff' of cereals. 

MOXkTBBEirVlII. Atomic Rammelsberg, by reducing the trioxido 

to metal in hydrogen gas, finds for the atomic weight the number 96*18, agreeing 
nearly with that which Lothar-Meyor found from the analysis of the chlorides (vii. 
810), viz. 95*8. llammolsbcrg therefore iidopts the number 96 {Ber. x. 1776). 

Estimation. — Wernicke {Zeitschr. anal. Chem. 1875, 1) estimates molybdenum 
voluinotrically by reduction with nascent hydrogen (zinc and sulphuric acid) and re- 
oxidation with permanganate. De-aerated water must be u.'^ed for dilution, and the 
titration performed as quickly as possible, since the air acts rapidly on the reiluccd 
product. The method is, however, not very exact, the results differing by 1 to 2 per 
cent. 

Alloy. An alloy of molybdenum and lead occurs in plates measuring 30 mm. in 
the Empire Mine, Lucin District, Eox-Elden Ckmnty, UtJih (B. Silliman, Sill. Am. J. 
[3], vi. 128). Hemimorphoiis crystals of lead molybdide from the Upper Bchwarzgrubner 
vein at Pribram are described by Zerrenner (Jakrb.f. Min. 1874, 91). 

Chlorides. The pentachloridct MoCP, readily parts with two of its chlorine- 
atoms, and is very useful in the preparation of organic chlorine-compounds as a carrier 
of chlorine, inasmuch as the molyMenum passes quickly and regularly from one stage of 
chlorination to another, and is easily removed by ammonia from the piwluct ; benzene, 
for example, is very easily converted by its agency into paradicblombenzeno (p. 172). 
When carbon disulphide (250 grama) is mixed with the pontachlorido (3 or 4 grams), 
and a strong stream of dry chlorine i.s passed through tlio liquid, whicli mustultimiitely 
bo warmed, a liquid is formed, which, by fra^:tional di.stillation nod further treatment 
of the several fractions, may be resolved into carbon tetrachloride and sulphur di- 
chloride, CS*-f 3CP= CCP + S2CP (Aronheim, Ber. ix. 1788). 

On the lower Chlorides of Molybdenum, see Liechti a. Kemper (vii. 816). 

On the Ferrocyanides of Molybdenum, see Ctanidks (p. 613). 
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Triozldei MoO*. Molyhdic Acid, — ^When this acid, or either of its salts, is heated 
with strong sulphuric acid, a mass is formed haying a splendid blue colour. On 
evaporating the sulphuric acid, the residue becomes colourless from oxidation ; but on 
adding fresh acid, the blue colour is reproduced, provided that the substance bo 
removed from the flame after heating for a short time, and left to cool completely. 
This reaction serves for the detection of very small quantities of molybdic acid ; with 
larger quantities the blue coloration is produced iu the cold on addition of a little 
alcohol or sugar to the sulphuric acid (Schonn, Zeitschr. anal. Chem. 1869, 379). 
0. Maschke {ibid. 1873, 380) applies this test by placing a small quantity of strong 
sulphuric acid on a piece of platinum foil bent up into the form of a trough, then 
adding a small quantity of the finely pounded substance, heating till vapours are 
quickly evolved, leaving the whole to cool, and breathing on the ioil, whereupon, if 
molybdic acid is present, the liquid will exhibit a bright blue colour. 

Mascliko also gives a process for the recovery of molybdic acid from the filtrates 
obtained in phosphoric acid estimations, depending on the formation of an insoluble 
compound of molylniic acid with lime and ammonia, and the decomposition of this 
precipitate by nitric acid. The acid liquids cr^ntaining molybdenum are poured into 
jars, and lumps of marble are dissolved in them ; the solution, mixed with a slight 
excess of ammonia, is heated to boiling in an iron pot ; and the resulting precipitate, 
after washing and drying, is drenched with 2 pts. w’ater, mixed, with stirring 
and gently heating, w’ith 3 pts. nitric acid of sp. gr. 1*18 ; and the clear solution is 
heated for some minutes to the boiling point. The precipitate of molybdic acid con- 
taining lime and ammonia thereby separated is left to settle, the supernatant liquor 
still containing molybdic acid, is decanted, and the precipitate is washed by decanta- 
tion till the liquid begins to clarify but slowly. The moist precipitate is then treated 
with ammonium carbonate, and the resulting solution of ammonium molybdate is 
filtered from the calcium carbonate and evaporated over the water-bath. The whole 
of the wash-waters are unit<Ml, mixed with ammonia, and heated to boiling, and the 
calciun\ molybdate which separates is kept for the next operation. 

Uelsmann {ibid. 1877, o2) precipitates molybdic acid from the residues with 
sodium phosphato, washes the precipitate, dissolves it in ammonia, precipitates the 
resulting solution with magnasia mixture, and evaporates the filtrate. The liquid 
during evaporation deposits crusts of ammonium molybdate. 

Ammonium Molybdate. — Champion a. Pellet {Bull. Roc. Chim. [2], xxvii. 6) 
prepare the molybdenum solution used for precipitation of phosphoric and arsenic 
acids by dissolving 100 grams of molybdenum trioxido in 150 c.c. ordinary aqueous 
ammonia and 80 c.c. water, and pouring the solution into a mixture of 500 c.c. nitric 
acid and 300 c.c. water. If a precipitate forms, it must be filtered off. 

According to M. .Tungck {^itschr. anal. Chem. 1876, 290), the yellow crystalline 
precipitate deposited from a solution of ammonium molybdate — which greatly re- 
sembles the well-known precipitate of ammonium phosphomolybdato, but does not 
contain phosphoric acid — is produced by the action of light, the molybdic acid passing 
into another modification. Ho therefore recommends that tho solution should bo 
kept in the dark. According to S. Korn, on the other hand {Chem. News, xxxvii. 98), 
this precipitate consists of a basic ammonium salt, and is formed in tho dark. 

A mixture of the aqueous solutions of ammonium molybdate and potassium ferro- 
cyanide may bo used as a tost for free mineral acids. Traces of free acids impart to 
this solution a more or less dark brown colour, which disappears on addition of the 
slightest excess of alkali (li. Huber, Zeitschr. anat. Chem. 1877, 242). 

An ammonium molybdate, having the composition (NH^)''()’(MoO“)^H'‘*0, is formed, 
as an amorphous precipitate, by heating a solution of sodium molybdate with sal- 
ammoniac ; and the filtrate mixed with a very largo quantity of alcohol, deposits a 
crystalline mass, which, when dried at 100®, contains 78*70 per cent. MoO®, 1 1*10 NH*. 
and 10-20 H-0 (F. Jean, Compt. rend. Ixxviii. 1436). 

Barium Molybdate has a sp. gr. of 4*6589 at 17*6°, and 4*6483 at 19*6®. 
Strontium Molybdate, 4*1654 at 20*5'^, and 4*1348 at 21® (F. 0. Marsh, SHI. Am, J. 
[31, xiv. 281). 

Silver-diamine Molybdate, [Ag(NH*)^*0*Mo0®. See Silver. 

Arseiitomolybdatesa Ammonium molybdate forms with arsenic acid a com- 
pound similar to that with phosphoric acid, and containing 3(NH^)’*O,As*O*,20MoO*. 
When it is boiled with aqmi regia and the solutions are evaporated, tho residue which 
is left does not. as in the case of the phospho-com pound, consist of tho pure acid, but 
contains in addition insolubhi molybdic acid and a sccr)iid arseniomolybdic acid, which 
is white. By extracting the residue with dilute nitric acid and evaporating in tho 
desiccator, a mixture of tho two acids is obtained in crystals large enough to admit of 
mechanical separation. The yellow acid forms doubly oblique prisms *, its probable 
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formula is A8*O\20MoO* + 2711*0. It gives with acidified potash-salts a yellow 
crysfcilline precipitate of 3K*O.As*O*.20MbO*. The hydrated acid corresponding 
with the phoBphomolybdic acid, which crystallises from pure water, has not yet been 
obtained. 

The white arscniomolybdic acid is As*O^CMoO* + 16H‘"0." Its ammonium salt 
maybe readily obtained by mixing ammonium molybdate with the theoretical quantity 
of arsenic acid and crystallising at At higher temperatures the yellow salt 

forms. When the ammonium salt is l 3 oilod with aqua regia, a precipitate of yellow 
arseniomolybdate is at first produced, but subsequently disappears, and the solution 
on evaporation yields the white acid. It crystallises from syrupy solution^ in right 
rhomboid al prisms, and gives white gelatinous precipitates when neutralised with 
alkalis. Tho formula of the precipitate with ammonia is 4(NII^)*O.As*0‘‘-6MoO* + Aq 
(Dcbray, CompL rend. Ixxviii. 1408). 

When a mixture of molybdie acid, arsenic acid, and an ammonium salt is boiled 
for some time, a crystalline precipitate is obtained, tlio formula of which is 
As*MoH)‘’®Il«(NH®)*.4II*0. It is soluble in hot w'ator, gives with silver nitrate a yellow 
precipitate of As=JVro^O*‘'Ag ‘, and with lead and barium salts precipitates of similar 
constitution. The acid itself is obtained by tho direct combination of arsenic and 
molybdie acids ; its formula is As“Mo^O‘®Il®.l 1II*0. It appears also to be formed on 
treating the ammonium salt with .aqua regia (Soyberth, Ber. vii. 391). 

PhoBpl&omolybdates. Tho well-known yellow ammonium salt and tho corre- 
sponding potassium compound h.ave the composition 3U"“O.P'()®.22MoO*.12Aq. By 
the action of a small quantity of potash-.solution, tho yellow potassium salt is converted 
into a white inschihlo modification, 5K’O.PW.15MoO®. On boiling tho alkaline 
fiUrat«‘. from this salt, a flocculcnt precipitate of K*Mo’0'®is obtained. By dissolving 
this compound in a small quantity of potash-solution and adding phosphoric acid, a 
salt is obtained in wiiite shining prisms of tho composition 5K‘“O.2P“O‘M0MoO*.20Aq. 
By fusing 1 mol. K*CO* with 2MoO*, dissolving in water, and .adding phosphoric acid 
to the solution, a compound crystallising iii large colourle.ss octoluMlrons is obtained, 
the formula of which, 3K*0.P*0\5Mo()*.7Aq, cx,actly corresponds with tliat assignccl 
by Zenker (»/. pr. Chem. Iviii. 257) to the colourless compound obtained from the 
solution of tho yellow ammonium phosphomolybdato in ammonia (Kammelsbcrg, ibid. 
X. 1770). 

Sulphides. Tho native disulphide, molyhilmnm-gla'nccy MoS*, occurs, with iron 
pyrites and copper pyrites, imbedded in greasy qu<'irtz, }it Macchetto, near Quittergo, 
in tlio province of Novara, Pioclinoiit. A and B analyses, C values calculated from t he 
formula MoS* : 

A B 

Mo . . . 68*23 59*05 

S . . . . 41*36 4M7 

99*69 1()()*22 

(P. A. Gciith, Jahrh.f, Min. 1877, 949). 

Sulpha molybdate of Amvionium, prcp.'ircd by treating the bimolybdato with 
strong sulphuric acid, is a veiy dclicjitc test for many alkaloids, especially for morphine^ 
with which it produces a distinct blue colour, even to the tnilliontli degree of dilution. 
The blue colour appears immediately with 1 pt. morphine in 100,000 pts. of solution, 
and in presence of milk-sugar with 3 pis. in 100,000. The blue colour disappears 
after some hours. Quinine gives, with tlie same rojigent, a light green colour wliich 
soon disappears ; strychnine, atropine*, and santonine, no reaction ; veratrine, a dirty 
brown colour, changing to blue and fin.ally to yellow-green ; narcotine, a yellow-groon 
which soon disappears ; brucine rod, changing to yellow. It must be observed, how- 
ever, that the reagent, even wlien loft to itself, turns blue after a few hours, especially 
when exposed to light, on which account it must bo prepared fresh for use (Nagolvoort, 
Arch. Pharm. [3], ix. 249). 

MOVAMZITES. The synthesis of aromatic monamiues by intramolecular 
.atomic interchange — wliich Jlofrnann formerly effected in the methyl-series, con- 
verting, for example, trimotliylphenylamraonium iodide, C®H*.N(CH®)’I, by the action 
of heat, into tho hydriodides of the h.ases 0*H‘(CIP).N(ClI*)“, C*IP(C1P)'-.N(CH®)H, 
and C®H*(C1P)*.N1P successively (vii. 67)- has, by his b^ter experiments, boon ex- 
tended to aromjitic .amines containing etliyl .*iiid amyl, ethylanilino or ethylamido- 
benzene, C“II\NH(C'“Il'*), for example, being converted iiy similar means into pheiietliyl- 
amine or amidocthylhenzene, (C®H^.C*JP).Nir^. See Bkmzknes, Ptiiylamido- and 
Auylamido- (pp. 205, 206 of this volume). 


69*0) 

41*0( 


100 


Sp. gr. 
4*704 
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MOXTAS. The spherical Bacterium, called Monas jprodigiosa, infects eatables, 
and gives them a red colour. It is conveyed from place to place chiefly by insects, 
and the spores are also carried through the air. Food placed under a glass shade 
along with Monas prodigiosa turned red in two or three days. When seen under the 
microscope with a magnifying power of 1000 diameters the monas appears to consist 
of round bodies, filled with a red substance and swimming in a rod fluid. 

The colouring matter dyes cotton and linen pink, and wool blood-red ; the colour 
cannot bo waslied out, but fades on exposure to sunlight. Tlie colouring matter is 
insoluble in water, and nearly so in ether, but dissolves in alcohol with a blood-red 
tint ; the solution is neutral. There is a marketl (liflTorence between this dye and 
the aniline-reds, as shown in the following table ; 


Aniline-red: a weak sohition of 
Fuchsine. 

Hydrochloric > Violet ; decolorised !)}» 

acid i excess. 

( Violet ; blue with more 
Sulphuric J acid ; faint yellow 

acid 1 colour with large ex- 

I cess of acid. 

(No change; with excess 
Nitric acid first dirty violet, then 

dull green. 

■D Colour fades, and is not 

. restored on addition 

ammonia of an acid. 

‘a s I . 


Colmtring-ma ticr of Monas 
prodigiosa. 

Pink ; unaltered by excess of acid. 
Pink ; violet with excess of acid. 


Pink ; dirty yellow with largo excess of 
acid. 

Pure yellow; remains unaltered on heat- 
ing. On addition of acid the pink 
colour is restored. 

Yellow. 

No change. 

No change at first, but gradually 
bleacheil. 


Lime water, weak solution of chromic acid, and sodium hypochlorite change the 
yellowish-red colour of the bacterium to yellow; it is destroyed by chloride of lime, or 
chlorine. 

The alcoholic solution of this colouring matter may be kept exposed to light for a 
long time without change. On evaporation of the alcohol, the colour is obtained in 
the solid state. It dissolves in petroleum-ether, benzene, and carbon disulphide, in 
all of which aniline -red is insoluble. 

The colour may be obtained tolerably pure by slowly evaporating its alcoholic 
solution and dissolving the deposit in petroleum-ether, which Ic-avos undissolvcd a 
brown tarry residue. On evaporation of the solution in petroleum-other, the dye is 
obtained in the same state (O. Helm, Arch. Pharm. [3], vi. 19). 

MOITAZZTS. Native Cerium Phosphate. See Phosphates. 

MOirOTBZODZPRVSSZAMZC ACZB. See Thiofkussiamic Acids. 

MOXTTZCEZiXiZTEt or Batrachite. Two analyses of this mineral from Monte 
Monzoni, leading to the formula Ca'*SiO^(3rg,Fo)=‘SiOS have been published by 
G. vom Hath (Zdtschr. geol. Gcs. xxvii. 379) : 


Loss by 


SIO* 

FeO 

CaO 

MgO 

Total 

ignition 

Sp. gr. 

38-35 

4-29 

34-76 

23-16 = 

100-56 ( 

1-31 

3-054 

38-15 

4-31 

34-75 

22-94 = 

100-16) 


MOXVZOXrZTE. This name, originally applied by v. Kobell to a mineral species 
from Monte Monzoni (vii. 818), has also been given to a rock from Monte Agnello, 
South Tyrol, consisting of plagioclase, orthoclase, hornblende, augite, mica, and 
magnetic iron ore. This rock has a porphyritic structure like that of melaphyre. 
Its percentage composition is as follows : 

Loss by 

.SiO» A1»0* Fe*()' MnO CaO MgO K*0 Na^O Ignition 

52 63 19-48 11-07 trace 6-61, 1-53 3-17 2*71 2-34 = 99-44 

(Dolter a. Mattendorf, Ver. geol. Reicksanst. 1876, 33). According to 0. W. Gumbol, 
V. Kobell’s monzonite is not a homogeneous mineral. 

MOOKSTOBE. This name has been applied to a monoclinic felspar from 
Ceylon, a variety of adularia (ii. 620) ; also to a triclinic felspar from Mineral Hill, 



MORIN— MORPHINE. 


1337 


Delaware County, Pennsylvania, regarded by Dana (System of Mineralogy, 6th Ed. 
p. 348) as a variety of oligoclase ; according to Des Cloizeaux (Convy,rmd, Ixxx. 364), 
it is a variety of albite. 

AKORZXv This compound has hitherto been known in two moditiwi- * 

lions, viz. Morin and Isomorin (vi. 837). A third, called Paraimrin, is obtained, 
together with resorcin, by the distillation of morin. When inorin in portions of 1 to 
2 grams is mixed with 4 or 5 parts of sand and distilled, a distillate is obtained, 
amounting, after expulsion of water, to 25 per cent, of the morin. After recrystal- 
lising the product from hot water, the resorcin may bo extract ed from the mother- 
liquor by ether, and the paramorin, C'WO*, crystallises from the solution on cooling 
in long, felted, slightly yellow, woolly, anhydrous needles, whiidi may be purified by 
recrystiillisation with addition of blood- charcoal. It is tasteless ; melts when heated, 
and sublimes without decomposition ; reduces an alkaline cupric S(-lution ; colours 
ferric chloride but slightly, and dissolves in sulphuric acid without change of colour. 
Paramorin dissolves very easily in boiling water and in ether (morin is but Slightly 
soluble in these liquids, iii. 1048), and with deep yellow colour in alkalis. From 
its alcoholic solution, alcoholic lead acetate throws down only small quantities of a lead 
salt (whereby it is distinguished from morin). With nitrous acid it forms a yellow 
nitro-derivative; with sodium-amalgam, resorcin or a diresorcin : 

- 2C«H«02 -I- H^O. 

The quantity of paramorin obtained in the distillation of morin is but small, the chief 
product consisting of resorcin. The woolly crystals with which morin becomes covered 
when heated consist of uiidecom posed morin (llenedikt, Bcr. viii. 606). 

Respecting Lowe’s formulae for Morin and Morintannic acid, see Maclurin, 
(p. 1244). 

UKOBZITGZC ACZD. This name Wiis given by Walter to an oily .acid obtained 
by saponification of oil of ben (Moringa aytera), and regarded by him as a lower 
homologuc (C**IPW) of oleic acid (iii. 1049). Zaleski, however CJmn. Ges. 

Ber vii. 1013), finds, by an examination of a sample of the acid piepared by Walter 
himself, that it is identical with oleic acid. The identiliy was shown by conversion of 
the acid by means of nitrous acid into ©laid ic acid (m. p. 40°) ; by its conversion 
into the oleic di bromide, C'W^BrW, prepared by Overbeck from oleic acid (vi. 
881), and transformation of the latter into stearolic acid [m.p. 48° ; formula of barium 
salt(C'*H*’(P)*Ba, vi. 1038], and finally by fusion with potash, whereby, like oleic acid, 
it yielded palmitic and acetic acids. 

MORZXTTAirxrXC ACZD. See Macluuin (p. 1244). 

MODOXZTS. A greenish-blue variety of apatite, originally found at Arendal 
in Norway, and Pargas -in Finland, has lately been found at Hammond, North 
America, in crystals exhibiting the combination ooP.P.ooP2, and containing 44’09 per 
cent. P-’O-', 53-32 CaO, and 1 065 Fe'-'O* (J, R. Muller, Jahrb.f. Min. 1877, 739). 

MORPHZXrSf C**H’"N20®. Solubility . — ^The solubility of morphine in various 
solvents saturated with water, and at the boiling heat, has been determined by A. B. 
Prescott {Bharm. J. Trans. [3], vi. 404) with tlie following results : 


Morphine 

Ether 

Chlorofonn 

Amyl Alcohol 

Ilcnzenc 

Crystallised 

6148 parts 

4379 parts 

91 parts 

8930 parts 

Amorphous 

2112 „ 

1977 „ 

— 

... 

Nascent 

1062 

861 „ 

91 ., 

1997 


According to J. B. Barnes (ibid. 201) the solution of morphine in glacial acetic acid 
forms a perfectly clesir mixture w-ith almond-oil and turpentine-oil. The solution 
remains clear and unaltered for several days if mixtHi with chloroform or camphor, and 
may bo prepared of any required degree of concentration. 

Beactions, Detection. — 1. With ammonium siilpltomolybdatc, morphine gives a 
blue colour, perceptible to the millionth degree of dilution (p. 13.34). 2. With hydro- 
gen sulphide, see Alkaloids (p. 56). 3. With iodised hydriodic acid, see p. 55. 4. An 
ammoniucal solution of copper is a delicate test for morphine, losing its splendid 
colour when boiled therewith, and acquiring a distinct green-blue tint. The copper 
solution is to be added by drops to a clear and strongly alkaline solution of morphine, 
till a light blue colour is produced, and the liquid then boiled up once or twice. This 
test will detect with certainty 1 mg. morphine to the thousandth degree of dilution. 
The presence of other alkaloids does not interfere with the reaction (G. Nadler, 
Zdtschr. anal. Chem. 1874, 235). 

Nadler also describes a baso obtained (ho docs not say bow) by t reating morphine 
with an amnion iacal cupric solution. Tho hydrochloride of this new base is described 
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as a dazzling 'white substance insoluble in cold, easily soluble in hot water, insoluble 
in alcohol and ether. Its aqueous solution, treated with ammonia or potassium car- 
bonate, yields the base ns a dense white amorphous precipitate, which dissolves in 
excess of the precipitant at ordinary temperatures, but may be recovered by ])oiling 
the potash-solution, and dries up without alteration on exposure to the air, like 
aluminium hydrate. The aqueous solution of the hydrochloride gives a pale 
yellow precipitate with platiiiic chloride, white amorphous with sulphuric acid, and 
amethyst-rod with ferric chloride. Sulphuric mud with the aid of heat dissolves the 
base, forming a black-green liquid, which may be heated without alteration till the 
acid volatilises. 

5. Another test for morphine is based upon the reaction of suI/pJiomorphide wUh 
ammonia^ which forms with it. a precipitate soon becoming reddish-brown, and dis- 
solving with rostv-red colour on agitation witli chloroform. Sulphomorphido is easily 
formed by heating morphine to 150° with a mixture of 2 vols. sulphuric acid and 1 pt. 
water (J^adler, loc. cit.) 

6. The presence of morphine may also be detected by adding a few drops of strong 
siilphiinc acid to the substance under examination, and then a small granule of 
potassium perchlorate^ which must be quite free from chlorate ; if morphine is present, 
the liquid will assume a dark- brown colour (Grove, Zeitschr. anal. Chem. 1874, 324 ; 
Siebold, ihid^ 

7. For the detection of morphine in chemico-legal investigations, Selmi ( Gaze, 
chhn. ital. 1875, 255) recommends tho use of iodised hydriodic acid followed by 
tetracetate of lead (comp. p. 55). 

On Dragciidorff’s Method of detectinjg Morphine in a mixturti of Alkaloids^ see 
Plant-basks. 

On the Action of Organic Acids upon Morphine^ see Dhuivativks (p. 1341). 

Certain oxidising agents, viz. nitric acid, iodic acid, potassium ferricyamdc, 
potassium chromate, and the dioxides of manganese and lend, produced in acidulated 
solutions of morphine, on gentle heating, a deep red colour, even when the quantity of 
morphine is very small. Tlio best way of applying tho tost is to add to the sub- 
stance under examination, hwit sulphuric acid, then w’ater, and lastly the oxidising 
agent, if po.ssible in the solid state. Tlie best result is given by iodic acid (D. Lindo, 
Chan. N(ws, xxxvi. 228). D. Datt (ibid. 255) observes that this reaction, at least 
with nitric acid and with potassium dichromatc, is produced also by salts of codeine 
and narcotinc, but not by tliebaino, papaverine, or narc(3ino. To det(?et tho presence of 
morphine in quinine salts, H. Hager (Zsitsekr. anal. Chem. 1873, 220) makes use of 
Kieifers reaction (Liebig's Annalen, ciii. 271), which coiisi.sts in adding to the solution 
a mixture of potassium ferricyanido and ferric chloride acidulated with hydrochloric 
acid, tho ferricyanide being then reductxl by tho morphine to ferrocyanidc, w'hicli, with 
the ferric chloride, produces pmssian bine. 

Estimation , — For the estimati(3n of morphine in opium, 0. Arnoldi (Russ. Zeifsehr, 
Pharm. 1873, 611) exluiusts the opium eoniplntely with water, which should not leave 
more than two-thii’ds undissolved ; concentKites the aqueous solution on tho water- 
bath ; filters it when cold ; decolorises it with animal chfircoal, and filtcr.s again ; 
precipitates the morphine witli ammonia, and weighs it. (lood opium thus treated 
should yield from 14 to 19 per cent, of impure morphine, answering to 10 to 13.i per 
cent, of the pure base. 

Sec also J. Lynn (Amer. J. Pharm. [4], vi. 3*58; Chem. Centr. 1878, 158 ; Chem, 
Soc. J. xxxiv. 612). 

Sai.ts of Mokphinp:. Tho solution of the acetate bas a .strong tendency to 
deposit ii basic salt or frtfc rnorpliin*; ; the salt decomposes ami turns yellow even 
when kept in carefully clo.sed ve.ssels, and then gives with sulphuric acid no longer a 
colourless but a yellow solution. 

The hydriodide, 2K'‘'0, obtained eitln^ by saturation or by the 

action of potassium iodide on morphine acetate, crystallises in long silky needles 
grouped in rosettes, sparingly Soluble in cold water (insoluble according to Bauer, infra), 
more freely in liot water. Tho Wiatcr of cry.stallisation is given off at 100®, and 
reabsorbed on exposure to the air (E. »Schmidt, Ber. 1877, 194; Winkler, iii. 

1054). 

The hydrobromide, C”II*®NO*.HBr-i- 211*0, is very much like tho hydriodide 
(Schmidt). 

Period ides. Tho sesqui-iodidc, 2C'HP"NO*.l®, prepared by triturating 2 pts. 
morphine with 1 pt. iodine, and crystallising the mixture from alcohol, is a reddish- 
brown crystalline mass, soluble in alcohol, ether, and chloroform, but insoluble in 
water. The Utriodide, is obtained by precipitating a morpliino salt 

with iodine- solution, as a kermes-brown precipitate, which dissolves in potassium 
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iodide, and crystallises therefrom in long nearly black prisms, insoluble in ether and 
in carbon sulphide, soluble in alcohol, benzene, and chloroform. Nitric acid and 
hydrochloric acid dissolve it with red colour (H. E. Bauer, Arch. Pkarm. [3], v. 289). 

SvbstiiuiioH-derivatim of Morphine. 

Acetyl-derivatives. Mono-, di-, and tetracetyl- morphine have been already • 
described (vii. 819, 820). Further observations on tlie diace tyl-dcrivatives have been 
published by Beckett a. Wright {Chem. Soc. J. xxviii. 315), Avho have obtained a third 
modification (7) in crystals by dissolving the j8-modification in ether, and leaving the 
solution to evaporate. The mother-liquor then retains a portion of the jS-compound 
unmir.ed with any other modification. The jS-coinpound appears to give a blue colour 
with ferric chloride, only when it is decomposed or perhaps contaminated with mono- 
acot}d-morphine, inasmuch as the production of this colour-reaction, though usual, is 
not constant. 

The following table gives a comparative view of the properties of the three diacetyl- 
morphines. 

RMw Property of 

Quantity. Pfpg Base. | Hydroehloride. 

o-Diacetyl- 2 to 3 per Crystallises 1 Proportionally 
morphine, cent, from ether by I less soluble in 

spontaneous cold water, 

evaporation, Crystals con- 

sometimos an- tain 61PO. 

hydrous, some- 
times with 2 
mols. water. 

jS-Diacetyl- Forms the Quito uncrys- Very soluble, 

morpliino, chief pro- talllisable. amorphous; in 

duct. aqueous solu- 

tion much less 
stable than its 
isomerides. 

I 

7-Diacetyl- 25 por cent. Crystallises i Very soluble in 
morphine. 1 roivdily, anhy- ! water ; crystal- 

I drous, if free ; lises with diffi- 

I from i3-com- ; culty. 

I pound. I 

Butyryl-morphlnes (Beckett a. Wright, Chem. Soc. J. xxviii. 16). a-Z?i- 
butyryl-morphine^ C’W*(G‘'D^0)’''N*0®, formed by boiling morphine for live or 
six iiniirs with twice its weight of butyric acid, crystallises readily from ether, and 
when pure does not give any colour-rcKiction with ferric chloride. Its hydrochloride 
i.s more soluble and crystallisablo than that of the corresponding acetyl-base. The 
ethereal mother-liquor contains j8-dibutyryl-morphino, an .amorphous base which 
gives a blue colour with ferric chloride. Tetrahutyryl-worphine, formed by 
heating morphine to 140° for three hours with twice its weight of butyric anhydride, i.s 
amorphous, and is ve^ slowly rc.solved by boiling with water, somewhat more readily 
with dilute alcohol, into butyric Jicid and dibutyryl-morphine. Its hydrochloride, 
C*‘H® '(C^H’0)^N'‘'0‘.2HC1, is also amorphous, and does not give a blue colour with 
ferric chloride. Acetyl-hutyryl-morphine was formed by boiling morphine for 
several hours with a mixture of acetic and butyric acids, in wliich the former greatly 
predominated. Its hydrochloride^ G*W‘^C“H*0)(C^H^0)N*0*.2nCI, is cry.stalline, 
and is very easily resolved, by boiling with, water, into the hydrochlorides of diacetyl- 
and dibutyryl-morphine. 

Benzoyl-morphtnes (Beckett a. Wright, Chem. Soc. J. xxviii. 23). Di- 
bcnffoyl-morphine, C®‘H®“(CMP0)*N®0®, is formed by the action of benzoic an- 
hydride on morphine ; also, together with benzoic acid, by boiling a solution of tetra- 
bf'nzoyl-inorphino in dilute, alcohol. The base thus obtained is amorphous ; its hydro 
chloride is crystaUisable, very slightly soluble in water, and is not altered by ferric 
chloride. 

orBiacetyMihensoyl-morphine, C*‘H*’(C“^’0)^(C’IP0)*N'•■’0^ formed by the 
action of benzoic anhydride on a-diacetyl-morphine, is a crystiilline base. Its hydro- 


Ethiodide. 
Crystallises 
fi*om alcohol of 
85 per cent, 
with 1 mol. 
water. 


! Does not crystal- 
! liso from alco- 
1 hoi of 86 per 
i cent, or from 
1 absolute alco- 
I hoi. 

Crystallises from 
alcohol of 85 
per cent, with 3 
mols. water. 
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eMoride is very soluble in water, does not crystallise, and is precipitated in flocks by 
strong nitric acid. 

Tetrahenzoyl-morphine^ is prepared by heating morphine 

to about 130° for three or four hours with twice its weight of benzoic anhydride. On 
dissolving the product in hot dilute hydrochloric acid, precipitating with sodium car- 
bonate, dissolving the precipitate in ether, and leaving the ether to evaporate, the 
base separates in anhydrous crystals which give no colour-reaction with ferric chloride. 
Its hydrochloride, C*^II®‘(C’H'‘0)^N20®.2HC1, is amorphous, but in other respects 
resembles that of dibcnzoyl-codeino (p. 1341). 

littaiodldes of Substituted AKorpbines (Beckett a. Wright, Chem, Soc. J. 
xxviii. 318). These compound.s are formed by heating the respective bases to 100° 
for about a quarter of an hour with twice their weight of absolute alcohol and about 
an equal weight of ethyl iodide. The contents of the tubes usually solidify on cool- 
ing, in crystals which may bo rociystallised from alcohol of 80-8.5 per cent. 

Tetracetyl-morphhie Ethiodide is a somewhat unstiible compound, a considerable 
portion of it being decomposed by a few minutes’ boiling with alcohol of 86 per cent. 
The crystals deposited from this solvent contain C®‘H*^(C“II®0)^N*0® 2C''*H*1 + H*0, 
and the mother-liquor contains products apparently resulting from removal of acetyl 
by the alcohol. Silver chloride converts the ethiodide into the corresponding othylo- 
chloride, which is readily soluble, but cannot be obtained in the pure state, as the 
aqueous solution decompo.ses partially when heated, or when left over sulphuric acid. 

a-Diacctylmorphim Ethiodide, and the isomeric 7-compound, crystallise, the first 
with 1 mol., the second with 3 mols. IPO ; the jS-compound is amprphous, as are also 
the othiodides of dibutyryl- and tetrabutyryl-morphine, which decompose at 100°. The 
ethiodides of tet rabenzoyl- anddiacctyl-dibcnzoylmorphine crystallise with 1 mol. water. 

Morphine-derivatives containing Polyatomic Acid ftadicles ( Beckett a. 
Wright, Chem. Soc. J. xxviii. 689). These compounds are formed by heating mor- 
phine with polybasic acids. Morphine, heated to 180° with twice its weight of suc- 
cinic acid, yields the compound C®‘II**N"0®(COC^IT;'C()OH)*+ 8H“0, which closely 
resembles the corresponding codeine-compound (p. 1341). Its formation is represented 
by the equation : * 

+ 2C^H<(COOH)* - 2E*0 -i- C»'IP«N!'0®(COa‘'n®COOn)2. 

With camphoric acid in like manner, morphine yields a small quantity of the com- 
pound, C®«}P*N‘^0‘(O.CO.C«II‘^COOH)'^. 

With oxalic ojcid. morphine reacts like codeine (p. 1 342), not forming an oxalyl- 
morphine, but yielding a product consisting chiefly of trimorphine. 

Appendix to Morphine. 

Alkaloid rcBembling Morphine (Selmi, Gazz. chim. ital. 1876, 398). The 
detection of small quantities of morphine in the brain and liver is very much inter- 
fered with by the presence of another alkaloid very closely resembling it. This base 
in aqueous solution exhibits an alkaline reaction ; it is ins«)lublc in ether, bnt dissolves 
in amyl alcohol ; reduces iodic acid ; is coloured bluish by ferric chloride ; does not 
exert any poisonous action on frogs. 

A base very similar to this, and perhaps identical with it, is found in the unripe 
capsules of the wild poppy. It is distinguishi;_d from morphine by the following 
reactions. Morphine gives with iodised hydrifdic acid microscopic crj'stals, which 
take a considerable time to form, bnt then remain permanent for 30 hours ; the now 
base, on the other hand, yields crystals which form immediately but quickly disappear. 
When a drop of dilute morphine solution mixed with a dr»jp of a cold-prepared solu- 
tion of minium in glacial acetic acid is evaporated at a gentle heat, there remains a 
yellow residue, the colour of which changes through orange to violet, and finally 
becomes dull and indistinct. The new base similarly treated yields an unalterable 
yellow residue. 

CodeinOf CiT’stals of codeine, which Fliickiger obtained by 

crystallising the base dried at 100° from carbon sulphide, have been examined by 
Arzruni {Zcitschr. Kryst. i. 302). They arc yellowish by transmitted light, stronglj 
refractive, and belong to the orthorhombic system with hemihedro-sphenohedral de- 
velopment, a\h\ c 0*9298 ; 1 r 0'«5087« Plane of optic axes OP. 

Acetyl-p Butyl-f aird Benzoyl-codeines (Beckett a. Wright, Chem. Soc. J. 
xxviii. 212). Diacetyl-codeinc, formed by Ixiiling codeine with twice its weight 
of glacial acetic acid, has been already described (vii. 821). 

Tetracetyl-dicodeine, C’®II“(C*H*0)®N<0'*, obtained by the action of acetic 
anhydride on dicodeine (vii. 735), is amorphous, easily soluble in ether, and forms a 
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crystalHaable hydrochhuide^ 4II01 + 10H*O, more soluble than 

the hydrocliloriUe of diacetyl-codeino, and an indistirictlv crystallised platinochloride, 
C’*H“(C'^Il»0)*N<0»2.4HC1.2PtCl*. 

Octacetyl-tetraoodeine, is obtained by heating tetra- 

codoiiio with acetic anhydride to 120° for throe hours, and evaporating the product to 
diyness, as a mass insoluble in water and dilute hydrochloric acid, soluble in alcohol 
and alcoholic hydrochloric acid, and precipitated from these solutions by water in 
amorphous flocks which become darker when dried over sulphuric acid. The solution 
in alcoholic hydrochloric acid mixed with alcoholic platinum tetrachloride and then 
precipitated with water, yields a hima platinum salt amount of platinum in which 
agrees approximately with the formula 0‘^MT'*®(C‘‘*H*0)®N®0**.2HCl.PtCl‘‘. 

In the conversion of codeine into di- and tetracodeino, the number of hydroxyl- 
groups in the molecule is not diminished, and the polymerised bases are capable of 
yielding neutral salts, but their acetyl-derivatives are not. 

Ethtodides. Liacetyl-codeine Kthiodide, C®“H ^"(0*11*0)^ W.2C*1I‘I + H^O, is 
obtained by heating codeine with twice its weight of absolute alcohol and about an 
equal weight of ethyl iodide, to 100® for about a quarter of an hour. It forms snow- 
white crystals, slightly soluble in cold alcohol either absolute or of 90 per cent., more 
ejisily in water and in hot dilute alcohol. It gives off its water at 100°, being at the 
same time partly decomposed. By the action of recently proci pi toted silver chloride and 
water, it is converted into diacetyl-codeim ethylochlonde^ which separates on leaving 
the solution over sulphuric acid, in crystalline crusts having, when dried at 100°, the 
com|)Osition C®®ll*®(G'''H®0)'''N*0'\2C-n“Cl + H20. The platinochloride decomposes in 
drying. 

When ietracodeinc is heated for tw'enty minutes in a sealed tulwj to 120° with an 
equal weight of ethyl iodide, and the resulting liquid is left to cool, amorphous flocks 
are deposited which dissolve in boiling alcohol and in hot water, and have the com- 
position Octacetyl-tetracoddne, treated in like manner, yields 

a much more soluble compound, containing 12'72 per cent, iodine, whereas the 
formula C‘^‘ll‘®®(C‘‘’'ir-*0)"N‘'0‘-h8C‘Hn would require 2o-f’)r) per cent, iodine, and the 
corresponding formula with 40- M'*! would require BVIT) per cent. Hence it would 
appear that the power of a polymeric codeine to take up ethyl iodide is diminished 
when it is converted into an acetyl-derivative. 

DihuiyryUcodeAne, 0*®ll'®(CWO)*N*O®, is formed by boiling codeine for five 
or six hours with twice its weight of butyric acid, and by evaporating off the excess 
of acid, dissolving the residue in w’ater, precipitating with sodium carbonate, dis- 
solving the precipitate in dilute hydrochloric acid, reproeipitating, and finally dissolving 
the precipitate in ether and leaving the ether to evaporate, it may be obtained as an 
amorphous perfectly unerystallisablo mass. It is also produced by the action of 
butyric anhydride on codeine. Its C*®H^®(CTH0)*N"()®.21ICl + 6H*0, 

crystallises well, gives off its water of crystallisation at 100°, and yields a platino- 
chloiido having the composition C*®H^®(C^H-0)"N"0®.2HCl.PtClh 

Dihcnsoyl-codeine, C^®IP®(C’H®0)WO®, formed by the action of benzoic 
anhydride on codeine, crystallises anhydrous from ether. It dissolves but very 
sparingly in w'ator either cohl or hot, and is not altered by boiling with water. It s 
hydrochloride forms, with a largo quantity of warm water, a clear solution, which on 
cooling becomes opalescent like starch-paste ; and if the solution was concentrated it 
deposits a soft amorphous mass which may he crystallised, and has the composition 
C”H ‘®(C^H*0)*N*0®.2HC1 + 2H-0. The platinochloride is anhydrous and more soluble 
in alcohol than in water. 

The ethiodides of dibutyryl- and di benzoyl -codeine crystallise with 1 mol. water. 

Codeine-derivatives containing Polyatomic Acid Radicles (Beckett a. 
Wright, Chem. Soc. J. xxviii. 689). Succim-coddne or Codebic-succinic acid^ 
0*®Il<®N2O*(COC'-'n^COOH)*, is formed by hcjiting codeine to 180° with twice its 
weight of succinic acid, whereupon tho whole becomes liquid ; and on dissolving the 
product in water, and freeing it by fractional precipitation with sodium carbonate or 
ammonia from coloured impurities which separate out first, and then cautiously adding 
further quantities of tho precipitant, tho pure compound is thrown down in white 
flocks, and on dissolving those in boiling alcohol, the acid separates on cooling in 
small crystals. Its formation is represented by the equation : 

C«H«N20« + 2C2H'(COOH)2 = 2H20 + C>®H'®N=0®(COC2H«COOH)2. 

The crystals, when air-dried, contain 10 mol. 11*0, which they give off at 100°. The 
acid is insoluble in water, ether, and bonzone, slightly soluble in cold, easily in boiling 
alcohol, also in acids and in excess of alkali. Its alkali-salts could not be prepared. 
Its solution in baiyta-water is decomposed by carbonic acid ; an ainmoniacal solution 
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evaporated over sulphuric acid leaves the acid unaltered, and the addition of silver 
nitrate is followed by separation of metallic silver. 

The compounds with adds^ on the other hand, are easily prepared. A solution in 
hydrochloric acid yields, when evaporated over oil of vitriol, crystals of the compound 
C^*H“N"0**.2HC1 + 2H‘'0, which gives off its water at 100^, and yields a flocculent 
precipitate with platiiiic chloride. 

The compound C**II^*N-0*(C0C^H^C00II)* is analogous in constitution to 
G-H" 

Lourenco’s mccinethylenic acidt 0^11*0* 

forms metallic salts, but is incapable of uniting with other acids. 

Campkoro-codeiiiet or Codeine-camphoric add^ — Camphoric 

acid and codeine, heated together, form a hard mass, from whicli may be extracted a 
crystalline body having the composition above given. It crystallises from dilute 
alcohol with 8 mol., from alcoliol of 80 per cent, with 6 mol. H“0 ; forms a hydro- 
chloride which is slightly soluble in cold water, crystallises from dilute alcohol, has 
when air-dried the composition C*®H^‘‘N-0*-.2ClH -f 21PO, and forms an amorphous 
platinochloride. 

Tartaric acid and Codeine yield, when heated together, a solid mass, the greater 
part of which dissolves in water. The residue is insoluble in aqueous but soluble in 
alcoholic hydrochloric acid, and is reprecipitated by water and alkalis, in the latter 
case free from chlorine. The hydrochloride and platinochloride contfiin much less 
chlorine than might bo expected from analogy to the derivatives above described. 
The product of the reaction may perhaps bo regarded as a tartro-derivative of tetra- 
codeine, which, like acetyl- tetracodeine, has lost some of its binding power. 

Oxalic acid and codeine, heated together, molt to a clear liquid, which gives off 
large quantities of carbon dioxide and monoxide in about equal volumes, and after- 
wards acid vapours. The oxalyl-derivative could not be isolated, but the product 
contained di-codeine and probably also tri- and tetra-codeine. Beckett a. Wright are 
of opinion that these polycodeiues are produced from ai very easily decomposible 
oodeme-oxalic acid formed in the first instance, and that the formation of the same 
polymerides by the action of«sulphuric and phosphoric acids on codeine (vi. 481 ; vii. 
372 ) is in like manner preceded by that of intermediate compounds which cannot be 
isolated. 

MOSAlsrilRXUM. See Yttrium-ubtals. 

KOTTRAMXTS. See Yaxadatks. 

MVeze ACZD, This acid, treated with phosphorus pentackloride, 

yields a chloride convertible by water into c'hloromuconicacid, which, 

when treated with water and silium-amalgam, yields hydromuconi c acid, 
and this latter, dissolved in glacial acetic acid and treated with bromine, yields isO- 
dibrom-adipic acid, C®H“Br'''()\ which is converted by silver oxide into the silV^er 
salt ofmuconicacid, (vii. 827). 

MUCOBROMZC ACXD, G*H‘Br^O\ is formed by adding bromine in eze^ ^ 
pyromucic acid dissolved in water (vii. 828). 

2IKUCOR. On Alcoholic Fermentation produced by Mucor Mucedo and Mucor 
raceTncsita, see vii. 518 ; viii. 776. According to Miintz {Compt. rend. Ixxiz. 1182), 
Mneor Mucedo contains trehalose. 

MITRBR- According to A. and G. de Negri, the purple of Murex trecuculua con- 
sists- of two colouring matters, one of which is identical with indigo-blue. The juice 
of Murex trecueulus becomes coloured on exposure to the air, even in the dark ; that 
of Murex hrandaris only in the light. 

mVRBaCAXr and MURERXB. According to Magnier de la Source (Jitdl. 
Soc. Chim. [2], xxii. 56), the so-called murexid reaction is to be ascribed partly to 
the formation of ammonium isoalloxanate, G‘H-^NH')2N‘‘*0*, partly to that of acid 
ammonium purpurate, G*'H\NU^)N‘0*. The latter compound is formed from alloxantin 
by the action of ammonium carbonate, while alloxan, treated with the same reagent, 
yields the former, as will be seen from the following equations ; 

G*H^N<0» -H (NH0*CO» = G®H«(NH«)N“0- + GO* + 2H*0 
G«n*N*0* + (NH*)*GO* » G^H*(NI1*)*N*0» + GO*. 

Gonsequentily, a mixture of alloxan and 4lloxantin, treated with ammonium carbonate, 
will produce both these colouring matters. The ammonium isoalloxanate may be 
partly removed from the mixture by washing, and partly remains, perhaps with the 
purpurate, a circumstance which sufficiently accounts for the great differences among 
chemists respecting the formula of murexid. See also J. Reach (Ch4m. News, xxxii. ] 71) 


■0* (ii. 582), which, however, more readily 
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MUBRAVIXTi C‘®n“0*®. A glucosido from the flowers of Murraya exotica^ 
m. p, 246® (De Vrij, Jahresh.f, Cheni. 1876, 860). 

MUSA* The colouring matter of Musa Fehiit a tree growing on the highlands of 
Tahiti, is described by Niederstadt (Dinyl. poL J, ccx\x. 166). The juice separates 
into a ciioutchouc-like mass, and a wately liquid having a raspberry colour in thin, 
bluc-violct in thicker layers. This liquid dyes cotton and linen greyish-violet with 
alum-mordants, and a splendid violet with tin-mordants. 

nSVSCARZirZS, An alkaloid occurring, together with amanitine 

(choline), in the fly-agaric {Agaricus mitscarius). The mode of separating the tw'o 
has been already described (p. 456). Muscarine may bo formed artificially by gently 
heating choline hydrochloride or platinochloride with strong nitric acid ; its sparingly 
soluble platinum salt is easily separated from undocornposed choline platinochloride, 
Tlie platinochloride of muscarine, d« coraposed by potassium chloride, yields muscarine 
hy<lrochlorido, G®H'®NO^.HCl, which is converted by moist silver oxide into the hydrate 
C^H'^NO^H-O, or hydroxide, agreeing in all its properties with the 

base obtained fTOni the fly-agaric. 

Muscarine hydroxide forms irregular deliquescent crystJils having an alkaline 
reaction ; it forms an alkaline salt with carbonic acid, neutral salts with the stronger 
acids. The aurochioridc has the composition C*H'^NO''Cl.AuCl* ; the platinochloride 
is (0=^11 ‘*NO“Cl)‘'‘Pl Cl ‘ + 2H-0. 

Muscarine is related to betaine in the same manner as chloral hydrate to trichlor- 
acetic acid : 

CCl*— COOH (CH*)>N— CIl*— CO— 0 

TricliLracotic acid. | | 

CCP- CH(OH)^ (CH»)*N— GIF— C(OH)* 

Chloral Hydrate, | j 

Muscarine. 

OTT 

Muscarine hydroxide is represented by the formula 011(011)* 

(Schmiedeberg a. Hariiack, Chem. Cmtr. 1876, 654). 

WnrSCOVlTB. See Mica (p. 1319). A description of the localities of Bengal 
muscovite is given by 0. Foistinantel {Verh. geoL lieichsansU 1875, 301 ; Juhresb.f, 
Ohem. 1875, 1219). 

MUST. See Wink. 

MtrSTARB. Detection of Adulter ations. — Wheat-flour, &c., may be easily de- 
tected by the formation of iodide of starch on addition of iodine-tincture ; turmeric by 
its appearance under the microscope, by the borax reaction, and by the fluorescent pro- 
pOTties of its alcoholic solution (see Turmkric) ; gamboge by the reddening which it 
exhibits with alkalis ; Cayenne popper also by the microscope, and by the biting taste 
wlucli it imparts to the alcoholic extract ; mineral substances by incineration. The 
ItmRnuit of adulteration may bo approximately judged of by determining the quantity 
of fixed oil obtainable from the musUrd, which with pure mustard amounts to 35 or 
36 per cent. (A. II. Allen, Chem. News, xxx. J16). 

In the oil obtained by pressure, from the seeds of black mustard, G-. Goldschmiedt 
{Wien. Akad. IScr. Ixx. 461) has found <*rucie and benie acids, together with a liquid 
acid not yet investigated (see Euucic Acid, p. 737). 

MUST ARB OXXiS (VOBATZBE). Bee Cartumidks (thio-), (pp. 606^608). 

MYCORAPBZR and MTCOSTERZN*, These names are given by F. A. 
Ilartscn (Che7n. t'entr. 1873, 205) to two substances which he obtained from Agaricus 
fasemdatus and Lactarius deliciosus. 

MICROCYMES or MZCROZTMSS. Bee Fkrmknts (p. 782). 

MTRXiXir. On the formation of this substance from haemin, see p. 922. 

MYOSXir. Bee Fsotkids. 

MYRXCTXi AXiCOBOB, C»H“0 = C-^H^^CH^OH ; tA^ocviWQ^Melhsyl Alcohol. 
This alcohol and several of its derivatives have been studied by L. v. Pievcrling 
Annalen, clxxxiii. 344). The alcohol was prepared from Caruauba wax by one of the 
two following processes : (1). The wax is saponified by boiling with alcoholic potash, 
the alcohol distilled off after filtration, and the soap boiled with a solution of lead 
acetate. The yellow masses which separate out are washed, dried, and boiled with 
absolute ether. The wax alcohol crystallises out from the filtered solution in white 
glittering crystals, and is purified by repeated recrysbillisation. (2). The soapy mass 
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is boiled witb dilate hydrochloric acid, anti the waxy masses which separate are 
washed and dried. They are then dissolved in boiling alcohol, the fatty acids removed 
by ammonium and barium chloride, and the residue, after distilling oiF the alcohol, is 
boiled with w'ater and then dried. The myricylic alcohol is then extracted with 
boiling absolute ether, and purified by repeated recrystallisation. Both these methods 
yield about 1 1 per cent. 

Myricyl alcohol crystallises from ether in small glittering white needles, which 
are scarcely soluble in coUl alcohol, ether, or benzene, little soluble in cold chloroform, 
but easily soluble in these media wdien hot. At it melts to a colojirless oil, 
solidifying at 84® to a white wax. On analysis it gave numbers closely according 
with those for the formula and not in accord with Maskelyne’s formula, 

C*'H«HO (vi. 391). 

Myricyl Iodide^ was prepared by heating the alcohol to 120^, adding 

phosphorus and iodine by small portions, and at the end of the reaction dissolving 
the product in alcohol and crystallising from ligroi'n. It forms small white glistening 
plates without odour or taste, scarcely soluble in cold alcohol, other, or benzene, 
but easily soluble in the same liquids when hot. At 69*6” it melts to a clear, colour- 
less oil. 

Myricyl Chloride, C"®II*’Cl, is preparo«l by acting with phosphorus pentachloride 
on myricyl alcohol, and heating the prixluct first in a water-bath, and then in a current 
of hydrochloric acid, and purified by repeated solution in hot ether. It forms a 
pale yellow, waxy mass, melting at 64-.5®, and without odour or taste. It is soluble 
in alcohol, ether, benzene, and ligroin, but does not crystallise from any of these 
media. 

Myricyl Hydrosulphidc, C®"II*’SH, formed by the action of an alcoholic solution 
of myricyl chloride on potassium sulphide, is an amorphous yellow powder, without 
odour or taste, slightly soluble in boiling ether, ligroin, and alcohol, easily soluble in 
boiling benzene and chloi’oforiii, forming yellow solutions. It melts at 94 ‘6° to a 
yellow oil, which solidifies at 93® to a yellow amorphous mass. 

Myricylamines. — By passing a stream of tlry ammonia into melted myricyl iodide 
for more than twenty-four hours, boiling the wdiolc pulverulent mass with alcohol, 
aind crystallising the residue from benzene, a yellow, crystalline, heavy body is 
obtained, molting at 78®, nearly insoluble in boiling alcohol and ether, but readily 
soluble in boiling benzene, toluene, and chloroform. This body appears to bo a mixture 
of the throe bases, mono-, di-, and tri-myricylamine, which cannot be sepanited from 
one another, 

MYRZSTXC ACZD, = This acid exists in nutmegs, and 

may be separated therefrom by distillation, whereby an oil is obtained, together with 
a crystalline substance, which, when washed with cold and repeatedly crystallised 
from hot alcohol, forms colourless shining laminae, having when fresh the peculiar 
odour of nutmegs, but losing it by keeping. Those crystals are insoluble in alcohol, 
melt at 54*5®, and give by analysis numbers agreeing with the formula The 

alcoholic solution has a faint acid reaction (Fliickiger, N. Rep, Vhamt. xxiv. 213). 

Myristic acid is likewise obtained, together with a fragrant oil, by distilling iris 
root with water (Fliickiger, p. 1095). 


K 


WAPBTBA&BXTBf Formation, — This hydrocarbon is formed ; 1 . On 

passing the vapour of isobutylbenzone over heated lead oxide at a temperature at 
which isobutylbenzene alone is not altered (Wreden and /natovicz, Ber, ix. 1606). 
2. On passing oil of turpentine through a red-hot tube (Schulz, ibid. ix. 548). 3. On 
distilling colophony and gum-benzoin with zinc-dust (Ciamician, ibid. xi. 269). 
4. On passing wood-tar through a rod-hot tube (Lctnoy, Atherberg, ibid. xi. 1210, 
1222). 5. On heating dimethylaniline with bromine at 110®-120® (Brunner and 

Brandenburg, ibid. xi. 697). 

Properties. — In connection with his experiments on the simultaneous distillation 
of water and of bodies not miscible with water, when the latter are heated by the 
passage of a current of steam, Naumann has determined the vapour-tension of naph- 
thalene to be 2 mm. at 9 mm. at 78°, and 20’5 mm. at 100°. The amounts of 
naphthalene and water which distilled over when steam was passed into naphthalene 
were as follows : 
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Barometer (corr.) 
796-6 
767 
733 


Tempcratuio 

in liquid iu vaponr 

97-8° 9?2° 

97-7® 99*1® 

98-2<* 


Eatio of naphthalene 
to water in distillate 


100 : 520 
100 : 670 
100 : 555 


(Ber. iy. 646 ; x. 2014, 2100 ; xi. 33). 

The crystallographic characters of a number of allied chlorinated and brominated 
derivatives of naphthalene have been studied by Hintze ij^ogg. Ann. Sup, vi. 1873, 177). 

Reactions . — Naphthalene combines with a-dinitrochlorobenzene, forming the com- 
pound C*®Jl®,C'*Jl“Cl(NO'*)^, which crystallises from alcohol in long white needles 
melting at 73®. It is decomposed when heated with an alkali or aniline, naphthalene 
being separated, and a dinitrophenol-salt or dinitrophenylaniline produced (Willgerodt 
Ber. xi. 603). 

Thionyl chloride, SOCl*, and naphthalene furnish only a resinous product (Bottinger, 
ibid. xi. 1409). Benzenesulphonic chloride, C®H\SO‘^Cl, and naphthalene, in presence 
of aluminium chloride, furnish a similar product (Beckurts a. Otto, ibid. xi. 2u69). 


Hyduocabbons, &c., belated to Naphthalene. 

XVaplithalene Kydrldea. By heating naphthalene at 280® with twenty times 
its weight of a solution of hydriodic acid, saturated at 0®, Berthelot obtained a hydro- 
carbon boiling at 200®-210°, which he regarded as naphthalene dibydridcy 
together with a small quantity of a second hydrocarbon, probably the tetrahydride, 
(jio^r-8^ This latte^ hydrocarbon W'as subsequently prepared in the pure state by 
Baoyer, by heating naphthalene with phosphonium iodide ; according to Graebe {Ber. 
V. 678), it is much more readily obtained by heating naphthalene with hydriodic acid 
and amorphous phosphorus (10 grams naphthalene, 3 grams phosphorus and 9 grams 
of a solution of hydriodic acid boiling at 127° are sealed up in a tube, which is heated 
for six to eight hours at 220°-2o0°). 

Naphthalene tetrahydride has a density of -981 at 12*5®, and boils at 206° ; it 
readily combines with trinitrophenol. It is dissolved by cold concentrated sulphuric 
acid, being converted into the sulphonic acid, C^“ll^*.SO*H. When passed through a 
red-hot tube, it is resolved into naphthalene and hydrogen. It is much more readily 
oxidised than naphthalene, yielding phthalic acid; the oxidation may be offectod 
either by means of dilute nitric acid (sp. gr. 1*2), or by an acid solution of potassium 
permanganate. On treatment with concentrated nitric acid, it yields nitro-compounds, 
and among others trinitrophenol. On adding bromine to its solution in carbon di- 
sulphide, hydrobromic acid is evolved in large quantity, and on evaporating off the 
solvent, an oil is obtained, which decomposes on distillation into brominated com- 
pounds, naphthalene, and a hydrocarbon boiling at 210®-212®, which, perhaps, has 
the composition 

Wreden a. Znatowicz state {ibid. ix. 278, 1606 ; Liebigs Annahuy clxxxvii. 164) 
that the hydrocarbons and are also formed on heating 

naphthalene with hydriodic acid and phosphorus, but they have only described the 
manner in which they prepared one of these, viz. that of the formula which 

they term hexhudrocymene. This hydrocarbon is said to be a colourless mobile liquid, 
having a density of *802 at 0° and ’788 at 23°; it boils at 163°-158°, and is not 
attacked by cither nitric or sulphuric acid at tlie ordinary temperature. No reason 
for terming this hydrocarbon hexkgdrocyumie has been stated. The hex- and oct- 
hydrides are said to boil respectively at 195°- 200° and 185°-190°, and to absorb 
oxygon on exposure to the air. 

Acenapbtliylene, This hydrocarbon is formed by passing aceuaphthene, 

C^*fl'®, over gently heated lead monoxide (Behr a. van Dorp, Ber, vi. 753 ; Blumenthal, 
ibid. vii. 1092). It is very soluble in alcohol, ether, and benzene, and is thus dis- 
tinguished from aceuaphthene, which is difficultly soluble. Acciiaphthyleno forms 
large, glistening, golden-yellow plates, melting at 92®-93® ; it boils at about 265®- 
276®, but undergoes partial decomposition. With trinitrophenol it forms the com- 
pound C**H*'.C®ir‘*(NO‘‘*)®OH, which crystallises in yellow glistening needles, melting, 
at 201°-202°. It is converted into aceuaphthene on treatment of its alcoholic solution 
with sodium amalgam. On oxidation with potassic dichromate and sulphuric acid it 
yields naphthalic (naphthophthalic) acid, C*®H®(C001I)'-. Aconaphthylons combines 
with bromine, forming a dibromide which yields naphthalic acid on oxidation. This 
bromide separates from a mixture of benzene and anhydrous alcohol in white needles 
melting at 121°-123® ; by the action of alcoholic potash, it is converted into an oily 
monobromacenaphthylone, but a second molecule of hydrobromic acid cannot be with- 
drawn from this compound! oven by heating with alcoholic potash at 140®. On 
VoL. VIII. 4S 
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treating bromaccnaphthjlene with bromine, dibromacenaphthylene is produced ; this 
body crystallises in orange-red plates, and apparently yields bromonaphthalic acid on 
oxidation. 

By treating a solution of acenaphthene in carbon disulphide with an excess of 
bromine, dibromacenaphthene tetrabromide, C^^H^Br*, is produced ; but if a single 
molecular proportion of bromine be added to an ethereal solution of acenaphthene, 
monobromacenaphthene is formed. The latter yields monobromonaphthalic acid on 
oxidation. 

The relation between acenaphthene, acenaphthylene and naphthalic acid is repre- 
sented by the following formulae : 



Acenaphthene. Acenaphthylene. 


c"H‘<cooh 


Naphthalic acid. 


Metbjlnaphtlialene, This hydrocarbon appears to be 

formed on distilling colophonium and gum benzoin with zinc dust (Ciamiciau, Ber, xi. 
269). 

Phenylnaptatbalene, C‘®n'®=C®II*.C*®H^ This hydroctirbon is formed on 
passing a mixture of naphthalene and bromobenzeno through a tube heated to redness. 
It forms colourless transparent plates, melting at (Watson Smith, Btr, xii. 

1396, 2049). The hydrocarbon produced on distilling chrysoquinone with soda-lime 
(viii. 472) is probably phenylnaphthalene. 

By passing phenylnaphthalene vapour through a red-hot tube, Graebo and Bungener 
have succeeded in obtaining chrysene {Ber, xii. 1078), thus proving that chrysene is 
analogous in constitution to phenanthreue : 


C*®H®.CH C®H®CH 



Chrysene. Phenanthrcnc. 


The phenylnaphthalene employed for this purpose was prepared by submitting naph- 
thalene to the combined action of aluminium chloride and phenylacetic chloride, 
C®H®.CH^.GOCl, and reducing the naphthylbenzyl-ketone thus obtained by heating it 
with hydriodic acid and phosphorus at 150^-160'^. 

Bensylnaplitlialene, C^’11‘^=0*®H^.CH*.C®II*, prepared by digesting a mixture 
of naphthalene and benzyl chloride with zinc dust, crystallises in monoclinic prisms, 
melting at 58*6°. It boils at 320^-330*^. It is only slightly soluble in alcohol, but 
readily dissolves in ether and carbon disulphide. It yields noU'Crystallioe derivatives 
with chlorine ; monobromobenzylnaphthaleno is a syrup ; the higher bromo-derivatives 
form granular masses. Nitric acid converts it into a trinitro-compound. It forms a 
crystalline compound with trinitrophenol (Miqnel, Bull. Soc. Chim. [2], xxvi. 2). 

Blnapbtliyl, = C'®H^.C*®H’. On treating naphthalene potassium (vi. 844) 
•with ethyl bromide, a yellow hydrocarbon is obtained which, according to Abeljanz 
(Ber, V. 1027), has the composition C®*}!**. Probably this may have been impure 
dinaphthyl. In addition to the two isomeric din;iphthyls already described (vii. 842), 
Watson Smith has obtained a third modification, thus completing the series of possible 
isomeric forms of this hydrocarbon. It would* appear that all throe are obtainable 
though in very different quantities, by passing naphthalene, together with antimony 
trichloride, through a red-hot tube. By far the largest proportion of the. product 
consists of isodinaphthyl ; the next in quantit}’- is the isomeride of lowest melting 
point ; the third modification, identical with that originally obtained by Lessen, is 
formed by this method in extremely small quantity. The throe bodies are separated 
by a tedious process of fractional crystallisation from low boiling petroleum iChem, 
Soo. J. 1877, xxxii. 559; 1879, xxxv. 224). 

Watson Mmith finds that the product prepared by Lossen’s method, but using 
sulphuric acid diluted with rather more than its own bulk of water instead of with 
twice its weight of water, contains only the one dinaphthyl ; this crystallises in per- 
fectly colourless rhomboidal plates, melting at l/)4'’-156®. This modification is 
doubtless aa-dinaphthyl, as Lossen also obtained it by the action of sodium-amalgam 
on flt-bromonaphthalenec • 

So-called isodinaphthyl is probably the /83-inodification, as it has the highest 
melting point of any of the dinaphthyls. It crystallises readily in colourless, very 
regular rhombic plates, melting at 187^, aud is much less soluble in alcohol, ether, 
benzene, &c. than either of the isomerides. 

The third dinaphtbyl, which is probably the ajS-modifleation, forms small white 



NAPHTHALENE, HYDROCARBONS RELATED TO. 1347 

flix-fflded (apparently monoclinic) plates, melting at 76®. It is very soluble in alcohol, 
ether, and benzene. 

All the dinaphthyls boil considerably above 300®, but the most fusible appears to 
have a lower boiling point than the least fusible. Their vapour-densities, as determined 
by Meyer’s method, agree with the formula C®®!!'"*. On the supposition that they are 
constituted as above stated, they are indicated by the following symbols : 



^/3-Dinaphthvl (m. p. 187°). 


A number of experiments have been made by Watson Smith on the action, at a 
high temperature, of different chlorides ou naphthalene. A mixture of naphthalene 
and antimony lrichlG«ide gives a much larger yield of high boiling products (di- 
naphthyls, &c.) than naphthalene alone ; and similar results are obtained with tin 
tetrachloride. A mixture of naphthalene and totrachloromothano nearly in the pro- 
portion 4C*®H* I CCl®, at a dull red heat, gave a better yield of dinaphthyls — as in 
otlier similar cases, chiefly the /3j3*inodification — than any other mixture at so low a 
temperature ; similar but somewhat loss satisfactory results were obtained with tri- 
chloromethane. Carbon disulphide does not appear to aid the formation of the 
dinaphthyls. A mixture of naphthalene and brumonaph(.halene in equal molecular 
proportions yields a considerable quantity of jSjS dimiphthyl. Better results are 
obtained on passing this mixture over soda-lime ; lime alone does not answer so wkII. 
Iso- (6/3) dinaphthyl yields hexchlorobcnzene and hexchlorothane on perchlorinatiun 
(Watson Smith, I/er. xii. 2131). 

Btnapbtliylettaane. A trichlorinated derivative of this hydrocarbon is formed 
in two isomeric moditications by the action of chloral and sulphuric acid on naphtlia- 
lene (Grabowski, £er. vi. 224 ; xi. 298). To a mixture of 3 pts. chloral, 8 pts. 
naphthalene and 6 pts. chloroform, 6 pts. of ordinary concentrated and afterwards an 
equal quantity of fuming sulphuric acid are added with constant stirring, the mixture 
being tsooled. As soon as the temperature ceases to rise, 1 6-20 pts. of water are 
added, the chloroform is then distilled off, the residue washed with cold water, and 
afterwards extracted with 10-16 pts. of boiling water. The undisstdved portion is then 
boiled with an equal weight of benzene, and the solution Altered; on cooling, it 
deposits crystals of ^-dimpkthyltrkhloTethane^ CCRCH(C^"H')‘'. The a-compound is 
contained in the alcoholic solution, but has not yet been obtained free from the 
jS-compound. 

)3-I)inaphthyltrichlorethane forms triclinic prisms melting at 166° ; it is insoluble 
in cold alcohol, and sparingly soluble in boiling alcohol and ether, but easily soluble 
in benzene and chloroform. It is not oxidised by the ordinary chromic acid mixture. 
It yields a bromo-dorivative on treatment with bromine. AVhon submitted to the 
action of 10 pts. of cold fuming nitric acid, it is converted into a tetranitro-dorivative, 
which is a pale yellow crystalline powder melting at 268®. 

B’lHnaphthyldichlorethylenef CCr-*n:C(C*®II')'‘*, is obtained on submitting i3-di- 
naphthyldichlorothane to dry distillation or to the action of alcoholic potash. It 
crystallises from benzene, in which it is very easily soluble, in short prisms melting 
at 219°, difficultly soluble in alcohol ; it Ijoils without decomposition above 360°. 
It combines with bromine. With nitric acid it yields tetrauitro-i6-dinaphthyldichlor- 
cthyleue, which melts at 292®. 

a-Dimphthyldwhlorethylene is produced on distilling crude o-di naphthyl trichlor- 
ethano with 2U per cent, of its weight of lime. The product is dissolved in the smallest 
possible quantity of hot benzene, and after the /8-compoimd has crystallised out, the 
benzene is distilled off, and the residue crystallised from boiling alcohol, from which 
it separates in long, colourless, silky needles, melting at 150°. 

Olnaphtbylacetylene, C'"!!*® = C‘®H^C^C.C*®H^ This hydrocarbon is 
formed ou heating dinaphthyltrichlorethauo with zinc dust, lead oxide, zinc oxide, or 

4s2 
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aodarlime. It crystallises from alcohol in long silk^ needles, melting at 226^, and 
boils above 360°, but apparently undergoes decomposition. 

BlnaplitliylantliTylenei This hydrocarbon is formed under apparently 

the same conditions as the foregoing. It is best prepared by distilling jS-dinaphthyl- 
trichlorethane with Id pts. zinc oxide at a red heat. It is difficult to purify. After 
crystallisation from benzene and sublimation, it forms violet-coloured plates, melting 
at 270^ ; but when separated from its compound with trinitrophenol, it is colourless. 
Prol»bly it bears the same relation to dinaphthylacetylene that phenanthrene bears 
to stilbene, thus : 


C«H^CH 

II 

C«H^0H 

1 II 

C®H\CH 

. C®H®.CH 

Stflbene. 

Fbenanthrene. 

C*®H'.CH 

C'®H®.C 

cwH'.iik 


1 

1 

t 

Dinaplithylanthiylene. 


srapbttaylpbeiiylcarblnol and Binaphtbylpbenybnetbaae. See Lkhnb 
(Ber. ziii. 358}. # 

Srapbtbylpbenyloarbaxolf G^^K^N. Graebe a. Knecht have described a 
compound of the formula C*"II"N, obtained from coal-tar, and by passing the vapour 
of iS-phenylnapthylamine through a red-hot tube, which appears to be the analogue of 
imidodiphenyl (carbazol), {Ber, xii. 341, 2242), thus: • 



This compound was first discovered by Brunck in a sublimate from the residue of the 
distillation of .crude anthracene, and purified by him, in conjunction with Vischer, by 
crystallising the portion iof the sublimate insoluble in boiling glacial acetic acid 
from hot aniline and then subliming it. Graebe a. Knecht, however, employ benzene 
instead of aniline. When purified by crystallisation or sublimation, it always pos- 
8e.s8es an intense greenish-yellow or golden-yellow colour, which, however, does not 
appear to be characteristic of the pure substance, as it is rendered colourless, if 
heated with potassium hydrate, without being otherwise altered in properties, and is 
also obtained colourless when separated from its acetyl-derivative. 

It is almost insoluble in cold alcohol and benzene, very slightly soluble in boiling 
benzene and acetic acid, moderately soluble in hot aniline. Its solutions exhibit an 
intense blue fluorescence. It melts at SSO’’, and has a higher boiling point than 
sulphur ; its vaponr-iiensity, determined in phosphorus pentasulphide vapour, agrees 
with the formula It dissolves in sulphuric acid, forming a yellow solution; 

the least trace of nitrous or nitric acid renders the liquid brownish-green. 

Heated with acetic anhydride at 220°-240°, it yields a monacetyl-derivative, 
C*®H*®N(C^H*0), which cry.stalliaca from boiling alcohol in colourless prisms melting 
at 121°. By the action of nitrous acid, it is converted into ti. nitroso-derivative, 
C^®fl*®N(NO), which crystallises from ether in reddish -yellow needles melting at 240°. 
This nitroso-dorivative dissolves in sulphur^ acid, producing a m.agnificently red- 
violet coloured liquid, which becomes dark brown on heating. 

It is with difficulty oxidised by chromic acid, yielding one or more acids and a 
quinone, 0'®H®N(02). 

XTaplittaalene Colours. Naphthalene or Magdala-rvd (Hofmann, Ber, ii. 374, 
412).— This colour has the formula C^H^'N*, and is a product of the action of 
naphthylamine on the so-callcd azodinaphthyldiamino of Perkin and Church, 
C*®H*®]S* + C‘®H®N=:C“H*'N®-^NH^ An analogous compound having similar pro- 
perties is obtained on submitting azodinaphthyldiamino to the action of paratoluidine 
hydrochloride (Lecco, Ber, vii. 1290}. Azodinaphthyldiamine, according to Lecco, 
melts at 174°, and not at 136°, as stated by Perkin a. Church. 

A considerable number of azo-derivatives, prepared by the direct action of diazo* 
compounds on various naphthalene-derivatives, are now in use as dyes. The following 
compounds of this class have been df^smbod by Griess, Hofmann, Typke and Witt. 
It will be noticed that* they are all derivatives of the azo-compound intermediate in 
composition between so-called azobenzene and azonaphthalene, thus : 

C«H».N=:N.C®H» C®H».N=N.C»®H» C*®H’.N=N.C»®H» 

Azobenzone. Azonaphihalene. 

See also Weselsky and Benedikt and Griess {Ber. xii. 238, 426). 
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(tf). C*H*.N=:N.C*®H*5(0H). — The compound of this formula is the product of the 
action of diazohonzene nitrate on o-naphthol. It forms microscopic brown needles, 
melting at 166°, soluble in alkalis and most of the ordinary solvents ; its solutions 
have a reddish-brown colour and possess considerable tinctorial power. On treatment 
with sulphuric acid, it is converted into a sulpho-acid, which dyes silk and wool 
orange-yellow (Typke, Her. x. 1680). 

(6). -The compound of this formula is prepared by 

adding a solution of sodium o^naphtholsuiphonate to a solution of diazobonzene nitrate;* 
it crystallises in hair-fine rcid needles (Hofmann, B&r. x. 1380). 

(c?). 0“H®.N=:N.C>®H'’(i'SOHT).OH.— This compound is prepared in a similar manner 
from i3-naphtholsulphonate ; it forms reddish-brown needles with a golden-green 
lustre (Griess, ibid. 2197). 

(<7, c). C®H^(SO*H).Nz::tN.0^®H*(Ol£). — Two modifications of this compound, pr^ 
pared by the action of piradiazobenzenosulphonato (from paramidobonzenesulphonic 
or sulphanilic acid) on o- and i8-naphthol respectively, are the basis of Poirrier's oranges 
and of the so-eallod Tropmolines 000 1 and 2 (comp. Witt, Chem. Soc. J. xxxv. 184^ 

(A g\ Two other modifications of the same compound may be obtained by the 
action of metadiazobcnzencsulphonate on a- and jS-naphthol (Griess, loc. cit.) 

When submitted to the action of nascent hydrogen (tin and hydrochloric acid) 
these compounds yield the corresponding amidosulphonic acid and amidonaphthol 
(Griess). 

(A). C®lI*(SO®H).N“N.C‘®H*(SO*H).OH. — This compound is prepared by adding 
a solution of pariidiazobenzencsulplionate to an alkaline solution of ;3-imphthol- 
sulphonic acid, &c. It is a yellowish-red crystalline substance. The barium salt, 
C*®H‘®N'‘S‘0^Ba,7*50H-, crystallises in dark orange-red microscopic needles, difficultly 
soluble in hot and very dilliciiltly soluble in cold water. 

(i) . C“’H®(S()=^H).Nrr>J.G'®H*'.OH. — ^'Pliis body is a beautiful red colour; it is 
prepared from diazonaphthalenesulphonic acid and i3-naphtliol (Griess ; comp. Bet', xiii. 
268). 

(j) . C«lP(SO®H)((^OOH).N=:N.C>»IP(OHXCOOH).-This compound is obtained 
by acting on an alkaline solution of a-hydroxynaphthoic acid witli diazosulphobcnzoic 
acid ; it crystallises in brown microscopic needles and plates, cxliibiting a bronze 
lustre (Griess). 

(A). C®H‘‘*Br‘‘*(SO®H).N:z:N.C’®TI*(OH)®. — This compound is prepared from di- 
hydroxynaphthalcne and diazodibromobcnzenesulphonic acid; it separates frcjin its 
aqueous solution on the addition of hydrochloric acid in violet-brown microscopic 
needles (Griess). 


Dkuivativiis of Naphthalene. 

Chloronaplithalenes. Monochloronaphthalenesy C’®H'^C1. — That obtained 
by the direct action of clilorine on naplithalene — or rather, by the decomposition of 
naphthalene dichloride — is the a-modification. ^-Momchloronaphthalcm is formed 
on treatment of jS-iiaphthol or naphthaleno-jS-sulphonic chloride with phosplioric 
pontachloride (Himarenko, Ber. ix. 663 ; Clcve, Biil. Sog. Chim. xxv. 257) ; and hy 
boiling jS-diazonaphthaleiio sulphate with concentrated hydrochloric acid (Liebermann 
a. Palm, Liebig^s Aunalcn^ idxxxiii. 27v). It crystallises from alcohol, in which it is 
easily soluble, in naphthaleiic-like plates melting at 61° (L. a. P.); 66° (K.) It 
boils at about 260°. 

Dichloronaphthalanes, C‘®H“CP.— No few'er than eight of the ton possible 
modifications of dichloronaphthalone are said to have been obtiiined. 

a-Dichloronaphthalene, obtained by acting on naphthalene tetrachloride with 
alcoholic potash, melts at 36°, and boils at 281° (Faust a. Saame). 

fi-Dichloronaphthalene is formed, together with a small amount of the a-isomeride, 
when pure naphthalene tetrachloride is decomposed by rapidly heating small quantities 
to the iKjiling point, but together with a considerable amount of the same isonierido, 
when a larger quantity of the tetrachloride is heated and maintained in a state of 
gentle cbulOtion until hydrochloric acid is no longer evolv(’d (Kraffi a. Becker, Bcr. 
ix, 1088). It is also formed on treatment of o-nitro o-iiaplithol with phosphoric 
pentachloride (Atterberg, ibid. ix. 1189). It melts at 68" and boils at 281° (Faust a. 
Maame); on oxidation with nitric acid, it yields dichlorophthalic acid (Atterberg, 
ibid. X. 647). 

y-Dichloronaphthaletie is best prepared by gradually adding phosphoric penta- 
chloride to so-called a-dinitronaphthalvne heated in an oil bath to its melting point, 
the apparatus ^ing so arranged that the phosphoric oxychloride distils over as it is 
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produced ; it is a pr^u^t of the action of chlorine on nitronaphthalene (Atterberg, 
ibid, ix. 31 7» 1188, 1734), and'of the action of phosphoric pentachloride on the nitro- 
naphthaloncsulphonie acid formed from a-nitroiiaphthalene and from naphthalene-a- 
Bulphonic acid (Oleve, BuU. Soe, Chim. xxiy. 506). 7-Dichloronaphthalene crystal- 
lises from alcohol in colourless glistening scales melting at 107°> On oxidation with 
nitric acid, it yields nitrochloropbthalic acid, C'‘H’-*Cl(NO''*).(COOH). 

B-Dichloromphthalem is obtained on distilling the chloride of a-, and t-dicMoro- 
naphihaUne that of jS-naphthulencdisulphonic, acid with phosph/iric pentachloride. 
The former crystallises in largo brilliant plates melting at 114"; the latter in bril 
liant prisms melting at 135° (Cleve BuU. Soc. Chim. xxvi. 244). 

(-Bichloronaphthalene is formed in small quantity on distilling /S-dinitronaphthalene 
with phosphoric pentachloride ; it crystallises in well-developed prisms, melting at 
83® (Atterberg, Ber. ix. 1732). 

ri-DicJdoronaphtJmlene, obtained by distilling nitronaphthalene-i9-8ulphonic chloride 
(m.p. 126 ’S®), with phosphoric pentachloride, melts at 48®. It yields a mixtu^ of 
chloro- and chloronitrophthalic acid when submitted to the action of nitric acid under 
pressure at 160° (Cleve, Bull. Soc. Chim. xxix. 499). 

d-J)ichloronaphthale»e is obt;iined in like manner from the isomeric chloride melt- 
ing at 169®. It forms small white needles melting at 61*5® (Oleve, ilnd. Xxix. 414, 
460). 

TrichloronaphthalencSt C’®H®C1*. — Six of these arc now known : 
a-Trichlor<maphthalcne, obtained by boiling a-chloronaphthalene tetrachloride with 
alcoholic potash, melts at 13T5® ; it yields nitrotrichlorophthalic acid when heated 
with nitric acid at 200® (Widmann, Bull. Soc. Chim. xxviii. 611). 

&-TricKloronaphthalenc is one of tho products of the action df chlorine on nitro- 
naphthalcne ; it forms long pliable needles melting at 90° (Atterberg, Ber. ix. 926). 

y-Trichhronaphthalcne\i also formed by the. action of chlorine on nitronaphthalene 
(Atterberg, ibid. ix. 316), and by distilling dichloronaphthalcne-a-sulphonic chloride 
with phosphoric pentiichloride (Widmann, ibid. xii. 2230). It crystiillises in brittle 
glistening needles melting at 103®. 

h^Trichhromphthdlcne may be obtained by distillation of jS-dinitronaphthalene, 
nitro-7-dichloronaphthalenef a-dinitrochloronaphthalene, /3-dinitPochloronaphthal ene, 
and nitro-i3-dichloronaphthalene with phosphoric pentachloride (Atterberg, ibid, ix. 
1187, 1733). It forms very long, flat, pliable needles, melting at 131® ; heated with 
nitric acid, it yiehls a dichlorophthalic acid. 

^‘Trichloronaphthalene^ prepared by acting upon nitro-r;-dichloronaphthnlene with 
phosphoric pentachloride, crystallises in colourless needles melting at 66° (Cleve, 
Bvll. Soc. Chim. xxix. 499). 

(•TrichloronaphthaUne, prepared by distilling dichloronaphthalene-/3-sulphonic 
chloride with phosphoric pentachloride, crystallises in fine white pliable needles 
melting at 76° ; it apparently yields nitrodichlorophthalic acid when heated with 
nitric acid (Widmann, her. xii. 962). 

Tetrachloronaphthalcncs, C*®II^C1®. — Five modifications have been described: 
a-Tetrachloronaphthahnef obtained by acting with .alcoholic potash on the dichlord- 
tetrachloride formed on chlorinating naphthalene, melts at 130® (Faust a. Saame). 

^-Tctrachloronaphthalene is formed on chlorinating nitronaphthalene ; it crystallises 
in needles, very difficultly soluble in alcohol, melting at 194® (Atterberg, ihid. ix. 318). 

y-TetrachbronaphthalenCj formed from the isomeric dichlorotetrachloride from 
naphthalene, melts at 176® (Widmann, ibid. x.*1726). 

b-Tetrachloronaphthalcnc, from 7-dichloronaphthalene tetrachloride, crystallises in ■ 
fine white needles melting at 141® (Atterberg a. Widmann, Ber. x. 1842). 

€-Tetrachloronaphthalciie, obtained by distilling dinitro-7-dichloronaphthaleiie 
with phosphoric pentachloride, melts at 180® (Atterberg a. Widmann, loe, cit.) 

Pentachloronaphlhalenes, C*®IPC1*. — In addition to that described by G-raebe, 
a second modification is known, obtained by distilling nitro-S-tetrachloronaphthalene 
with phosphoric pentachloride; it melts at 177®, and on oxidation with nitric acid 
yields trichlorophthalic acid (Atterberg a. Widmann, loc. cit.) 

Octochloronaphthalene^ C'®Cl®, according to KuolT {iUd.\x.. 1486), melt! at 
203° and not at 135® as stated by Berthelot .and Jungfleisch (vi. 847). When heated 
with antimonic pentachloride at 280®-300®, it is resolved into hexchlorobenzene, 
hexachlorethane, and tetrachlorometh<*vne< 

Wapbitaalene and CUoronaphtbalene CblorideSf Naphthalene dMhloridet 
C‘®H"Cl*, is obtained, according to K. Fischer {Ber. xi. 735, 1411), together with two 
isomeric tetrachlorides and a monochloronaphthalcno diclilorido on chlorinating 
naphthalene according to Depouilly’s process, by treatment with potassic chlorate and 
hydrochloric acid. It has the properties ascribed to it by Laurent. It begins slowly 
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to decompose at 40^-50° ; when heated with sodium or sodium amalgam in sealed 
tubes at 160®, it is recony erted into naphthalene, 

orNaphthalene UtracMoride, C*®H*01^ According to Grimaux {Ber. 1872, v. 222 ; 
also Schwarzer, Ber. z. 379) a saturated solution of chlorine in chloroform at once 
conrerts naphthalene into this compound, a pure product being readily obtained. It 
melts at‘182° (vi. 846); and yields almost the theoretical amount of phthalic acid 
on oxidation, with nitric acid (E. Fischer). When decomposed by alcoholic potash, it 
appears to yields only a>dichloronaphthalene. If, however, it be heated in sm^i^l 
quantities (about 1 gram) at a time, as rapidly as possible, to the boiling point, and 
yigorously boiled for a few minutes, it is almost entirely converted into jS-dichloro- 
naphthalene ; but if a larger quantity be heated and maintained in gentle ebullition 
As long as hydrochloric acid is evolved, a considerable amount of a-dichloronaphtha- 
lene is also produced (Krafft a. Eecker, Ber, ix. 1088). If an alcoholic or ethereal 
solution of naphthalene tetrachloride be digested with zinc, naphthalene is reproduced 
(Zinin, ihid, iv. 288). 

fi-Naphthalene UtrachJioridc^ according to B. Fischer, melts at 11 6"- 11 8® ; Atterberg 
doubts the formation of this modification {jhid, xi. 1223). 

MonochUromphthalene dichloride, C*®H^Cl*, melts at 176® (E. Fischer). 

Moriochloronaphthalene tetrachloride, C*®H^01®.— That obtained from o-chloronaph- 
vthalene melts at 131*6°. The isomcrido from ^-cbloronaphthalene is an oil (Widmann, 
ibid, X. 1724 ; Bull. Soc, Chim. xxviii. 505). 

Bichhronaphthalme tetrachloride, C‘®H®C1®. — o-Dichloronaphthalene yields two 
tetrachlorides, one of which melts at 172® ; the other is an oil. jS-Dichloronaphtha- 
lenetetrachloridc, from /8-dichloronaphthalcne, melts at the same temperature (172®) 
as, and in other respects closely resembles, crystalline o-dichloronaphthalenotetra- 
chloride. On submitting 7-dichloronaphthalene dissolved in chloroform to the action 
of chlorine, a tetrachloride is obtained which crystallises in prisms melting at 86° 
(Atterberg a. Widmann, ihid, x. 1842). 

Trichloronaphthalene dichloride, C‘®H*CF, is known in two modifications : one 
obtained by acting on 7 dichloronaphthalcno dissolved in chloroform with chlorine; 
the other by similarly treating a solution of o-chloronaphthaleiie in acetic acid. The 
former crystallises in largo glistening prisms melting at 93® (Atterberg a. Widmann) ; 
the latter melts at 162° (Widmann). 


Bromonaplittaalenes, ^•Bronionaphthalene, obtained by decomposing ^-diazo- 
naphthalene perbromidc by boiling it with alcohol, crystallises in colourless plates 
^ melting at 68° ; it is easily soluble in alcohol, ether, benzene, and chloroform (Lieber- 
mann a. Palm, Liebigs Annalen, clxxxiii. 269). 


!• pihromonaphthalenes, 0'°H®J3r®. — The dibromonaphthalene melting at 81®, 
which is the chief product of the direct action of bromine on naphthalene (vi. 846), 
probably corresponds in constitution to i3-dichloronaplithalene (comp. p. 1378). The 
isomeric modification which is formed simultaneously, according to Jolin {Bull. Soc, 
Chim, xxviii. 614), melts at 61° and not at 76° as stated by Glaser. By displacing 
the NH^group in dibroraonaphthylamino (m. p. 118°) by hydrogen, Meldola has pre- 
pared a (Sbromonaphthalene which crystallises in white needles melting at 64® {Ber, 
xii. 1961). It is noteworthy that this modification differs totally in appearance from 
Jolin’s dibromonaphthalene, melting at 61®, which is probably analogous in constitu- 
tion to o-dichloronaphthaleue. /Sl-Dibromonaphthaleno may also bo obtained by 
distilling a-bromonaphthalenesulphonic bromide or nitro-a-bromonaphthalene with 
phosphoric pentabromide (Jolin). By distilling nitro-j3-dibroraonaphthalene \nth 
PBr®, a tribromonaphthalene {fi) is produced, which crystollises in long fiexible 
needles melting at 85° (Jolin). 

y»J)ibromofM 2 )hthalene is formed by the action of phosphoric pentabromide on a-di- 
nitronaphthalene. It crystallises in brilliant scales melting at 129® (Jolin). 

9-l)ibnm(maphthalene is formed by distilling naphthalene-a-disulphonic acid with 
phosphoric pentabromide ; it crystallises in thin plates, melting at 140*5® (Jolin). 

The dibromonaphthalene melting at 126® obtained by Darmstadter and Wichelhaus 
(vi. 846) was probably the 7-modification. 


Tribromonaphthalenes . — In addition to the o-modification (m. p. 76° Glaser) 
and that described above, a third modification (7) is known, produced by treating 
naphthalene-jS-sulphonic acid with bromine, and distilling the dibromosulphonic acid 
with 5^. It crystallises in short brittle needles melting at 86*6® (Jolin). 

JBexbrfmtmaphthalene, C>®II*Br®, is obtained by submitting naphthalene to the 
prolonged action of bromine in presence of iodine, finally at 350°. It closely resembles 
hexbromobenzene in appearance ; it is soluble, although not readily, in hot chloroform, 
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benzene, toluene, and aniline,. but insoluble in alcohol and ether. It sublimes in felt- 
like masses of needless melting at 245^ (Gessner, Ber, iz. 1510). 

Xritroobloronapbtbalenes. a~ Mmmitrockliyronaphthalenet G"’H"(NO’OC1, 
prepared by acting upon o-chloronaphthalene with cold nitric acid (sp. gr. 1*4), 
crystallises from alcohol in concentrically grouped, extremely fine, pale-yellow needles, 
melting at 85°; on prolonged digestion with tin and hydrochloric acid, it yields 
o*naphthylamine (Atterberg, Ber. iz. 927). 

a-Dinitro-a-chlorona^hthalcm, 0*®H*C1(N0-)*, is obtained, together with the. fore- 
going, on nitration of o-chloronaphthalene with warm nitric acid of sp. gr. 1*4, and 
together with an isomeric modification when the fuming acid is employed. It crystal- 
lises in long yellow pliable needles, easily soluble in hot alcohol ; it molts at 106^ 
(Faust a. Saame ; Atterberg). 

fi-DinUro-a-ckloronaphihalene. — This appears to be formed in relatively larger 
quantity the higher the temperature of nitration. It is difficultly soluble, even in 
boiling alcohol ; it crystallises from glacial acetic acid in short, pale yellow, brittle 
needles, melting at 180° (Atterberg, be. cit.), 

Nitro-y-dichloronaj)hthalenCf C‘“HXNO*)Gl-, prepared by nitrating T^ichloronaph- 
thaleno with cold nitric acid (sp. gr. 1*4), forms short sulphur-yellow prisms, difficultly 
soluble in alcohol, melting at 142° (Atterberg, be. cit.) 

Linitro-y-dichloronaphthalefiiet formed by treating the mononitro- 

derivative with a mixture of nitric and sulphuric acids, crysbilHsos in pale-yellow 
brittle prismatic needles, very difficultly soluble even in glacial acetic acid. It melts 
at 246° (Atterberg, loc. cit.) „ 

I^itrc^’h-tetrachbronaphthalcnct C*“IPCl^(NO-), prepared by the action of con- 
centrated nitric acid on 5-tetrachloronaphthalcne, crystallises from a mixture of 
toluene and alcohol in large pale-yellow rhombic plates melting at 1.54° (Atterberg a. 
Widinann, ihid. x. 1831). 

XTltrobromonapbtbalenes. NUro-a-ltromonaphthalcne, C’®H*Br.N02, formed 
by nitration of o-bromonaphthalene, ciystallisos from alcohol in yellow needles melting 
at 86° (.lolin. Bull. Soc. CA/Wtxxviii. 614). 

An isomeric hrovwnitronaphthahne is obtainofl by displacing the NH--group m 
bromonitro-o-naphthylamino by liydrogen. It crystallises in pale yellow needles, 
melting at 131° (Liebermaiin a. Hanimcrschlag, Liebig's Annalent clxxxiii. 262). 

Nitro-$'-dibr&mona 2 }hthabne, C*“H'’Hr*‘*.NO'‘', produced by the action of cold nitric 
acid of sp. gr. 1*4 on j3-dibromonaphthal one, forms yellow needles melting at 116*5° 
(Jolin). 

ITitronaplitbaleaes. KiironaphthalenG . — According to Guaroschi {ibid. x. 294), 
o-nitronaphthalene (in. p. 68°-69°) is the only mononitro-derivativo obtained on 
nitrating naphthalene under very various conditions. 

According to de Koninck and Marquardt v. 11), nitronaphthaleno boils at 
304°. It is violently acted upon by phosphoric pentasulphide and pentachlorido. If 
it be mixed with a slight excess of the latter in a retort-, and the mixture be very 
gradually heated, phosphoric oxychloride passes over, the temperature rising gradually 
to about 120-', or to 150° if an excess of PGP be employed; the residue then consists 
of monochloronaphthalcne and a small amount of unaltered nitronaphthalene. 

In a similar manner, nitronaphtlialene yicldg a mixture of mono- and dibromo- 
naphthalene (probably y-di) when heiited with an equal volume of a concentrated 
solution of hydrobromic acid at 195° (Baunihauer, ibid. iv. 926). 

On oxidation with chromic acid, nitronaphthalene is converted into nitro-naphtbalie 
acid (m. p. 212° ; Beilstein a. Kurbatow, Ber. xii. 608). 

Dinitronaphthalenes. — In addition to the two modifications (a and B) formed 
simultaneously on nitration of naphthalene (vii. 834), which melt respectively at 216° 
and 170°, a third isomeride is known, obtained by displacing the NH^group in 
dinitro-a-naphthylamine by hydrogen. It crystallises in almost colourless needles, 
melting at 144° (Liebermann a. Hammersclilag, Liebigs Annalm, clxxxiii. 272). 

o-Dinitronaphthalene yields nitrophthalic and ordinary dinitrobenzoic acid, 
i8-dinitronaphthalene dinitrophthalic and dinitrobenzoic acid, when oxidised with 
dilute nitric acid (Beilstein a. Kurbatow, Ber. xiii. 363). 

Trinitronaphthalejtes. — Throe modifications of this derivative are known. 
If o-dinitronaphthalene be submitted to the prolonged action of fuming nitric acid, it 
yields a~trinitronaphthalene,me\\,mg at 122°, together with nitrophthalic acid (Aguiar, 
Ber. iv. 897). If, however, it is boiled for a few minutes with 10 pts. of a mixture 
of equal weights of fuming nitric and concentrated sulphuric acids, an isomeric 
y-dinitronaphthalene is obtained (Beilstein a. Kuhlbeig, ibid, vi. 647), and the same 
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modification ie produced in almost theoretical amount if 150 grams of fuming nitric 
acid are poured on 9 grams of the dinitronaplitlialone and 160 grams of sulphuric acid 
are thou added, the mixture being poured into water as soon as it becomes cool 
(Aguiar). 7 -Trinitronaphthalcno crystallises from fuming nitric acid in glistening 
four-sided plates, and from alcohol in chloride of ammonium-like forms ; it melts at 
147° (B. a. K.); 164° (A). /3-Dinitronaphthalcne yields only i3-trinitronaphthalene, 
whatever the conditions of nitration. 

If cj-dinitronaphthalcne bo boiled for several hours with double the quantity c# 
the acid mixture used in converting it into trinitronaphthaleno, fuming sulphuric acid 
also being employed in place of the ordinary acid, it is converted into o-tetranitro- 
naphthalone (Beilstein a. Kuhlberg). 

Ifltrosonapbtlialenef C'*’H^(NO). To prepare this compound, a solution of 
mercury dinaphthyl in carbon bisulphide is mixed with a like solution of nitrosyl 
bromide — prepared by saturating a solution of bromine in carbon bisulphide at — 20° 
with nitric oxide — in the proportions indicated by the equation : (C^''H’)2Hg + NOBr = 
HgBr.C>»n^ + C»»H»(NO). 

After purification, it forms yellow aggregates, which very rapidly become red on 
exposure to.air ; it melts at 84°, and decomposes at about 134°. Nitrosonaphthalenc 
at once combines with aniline, forming a red substance ; it dissolves in sulphuric acid, 
producing a cherry-rcd liquid ; and if it bo dissolved in phenol and sulphuric acid bo 
added, a blue colour is produced (A. Baeycr, Bcr. vii. 1639). 

Azonaphthalene, = This compound is formed in 

small quantity on heating nitronaphthalene with zinc-dust (Doer, Bcr. iii. 291), and 
on oxidation of naphthylaminc with lead oxide (Schichuzky, ibid. vii. 1454). The 
methods by which azobeiizeno is obtained from nitrobenzene are not applicable to its 
preparation (Klobukowski, ibid. x. 570 ; comp. 772 and 873). It is identical with 
Laurent’s najMha&c (AlexojefF, ibid. iii. 868 ; Klobukowski). 

Azonaphthalene is very slightly soluble in alcohol, ether, benzene, chloroform, and 
acetic acid ; it crystallises from a hot solution in acetic acid mixed with a couple of 
drops of fuming nitric acid in yellow needles, mol ting at 276°. It dissolves in con- 
centrated sulphuric acid, forming a dark violet-blue liquid. It appeal's to combine 
with bromine, forming an unstable bromide. If heated with bromine at 260°, or only 
gently warmed with bromine in presence of iodine, it is converted into a pentabromo- 
derivativo. 

iraphthaleneBulphonlo Acids. At present, two monosulphonic acids, 
two disulphonic acids, and a tetrasulphonic acid are known. The two first mentioned 
have already been described (vi. 800 ; vii. 835), but the following derivatives require 
notice here : 

Naphthalene-a.-sidiykmiG chloride. C*®ID.SO^Cl, crystallises from ether in glistening 
plates melting at 66°, easily soluble in ether, carbon bisulphide, and benzene (Maikopar^ 
Zeits. Chem. 1869, 710). By the action of chlorine on its solution in carbon bisulphide, 
the tetrachloride^ C*'’H^CD.SO'‘*Cl, is produced. This compound does not appear to 
crystallise (Widmann, Ber. xii. 2228). 

Naphthalene-Of-sulphonamidej C*®B’.SO’'(NH“), prepared by warming the chloride 
with a concentrated aqueous solution of ammonia, and purified by crystallisation from 
alcohol, melts at 150° ; it is soluble in water, and easily soluble in alcohol (Maikopar). 
When heated with the equivalent amount of benzoic chloride at 146°-150° as 
long as hydrochloric acid is evolved, it is converted into tlio benzoyl derivative, 
C*®H’.SO*(NH.CO.C®H*). To purify the product, it is wasluid with alcohol, dissolved 
in potassic carbonate solution, precipitated by acid, and crystallised from boiling 
alcohol. It then crystallises from alcohol, in which it is somewhat difficultly soluble, 
in four-sided prisms, melting at 194°-195°. It possesses marked acid properties, decom- 
posing carbonates, and forming metallic derivatives such ns C*®H^SO-(NK.COC®H®), 
&c., and belongs to the class of so-called aciamides (vii. 21 ; Welkow, Zeit,^. Chem. 
1871, 422). If submitted to the action of phosphorus pontachloride, it is converted 
into the chlorinated compound C*®H’.SOXNC'H*Cl), this body being doubtless formed 
in accordance with the following equations : 

C*«H’.SO*(NH.CO.C*H'‘) + PCI* - POCl* + C‘®H'.SO^(NH.CCP.C®H*) 
C*®H’.SO=(NH.CCP.C«H*) = C'«H^SO‘(N"=:CCl.C«H') + HCl. 

The new compound crystallises from ether in large four-sided plates, melting at 93°, 
It is reconverted into the aciamido by boiling water or aicohol ; and on treatment 
with ammonic carbonate forms the amido-derivative C*®H’.SO*(N=i;C.NH*.C®Il*) 
(Welkow, Ber. v. 142). 

Naphthalene-fi-sulphonic chloride^ C*®H’.SO-GI, crystallises in plates ; it is less 
soluble in ether than the o-chloridc, and melts at 76® (Maikopar). Like the a-sulphonic 
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chloridoi it is converted into a tetrachloride, C'®H'Cl*.SO*Cl, by the action of chlorine. 
This latter crystallises from chloroform in hard colourless transparent cubes, melting 
at ISl**, easily soluble in chloroform, carbon bisulphide, and boiling acetic acid 
(Widmann, Ber, xii. 960). 

NaphthaUne-fi-^ulphcnamidet C‘®H^.SO®(NH®), crystallises from boiling alcohol in 
small thin plates, difficultly soluble in water and ether (Maikopar) ; it melts at 217° 
(corr. Clove). 

Ethylf phenyl, and naphthyl derivatives of naphthalene a- and jB-sulphonamide 
have been described by Carlcson (comp. Ber, x. 1726). 

Chlaronaphthalenesulphonic bromide, G*®H“CI.SO“Bp.— T his compound is produced 
on treatment of sodium Arowjonaphthalenesulphonate with PCI*. It crystallises 
from ether in white needles melting at 116® (Gessner, ibid, ix. 1504). 

Bichloronaphthalene-arsulphonic chloride, C*®H®C1‘*.S0"C1, is formed on decomposing 
the tetrachloride obtained from naphthalene-cHsulphonic chloride with alcoholic potash, 
and treating the resulting potassic salt, when sufficiently purilied, with phosphoric 
pentachloride. It is easily soluble in benzene and boiling acetic acid, crystallising 
from the former in very largo colourless well-formed glistening prisms, and from the 
latter in glistening scales or needles ; it melts at 145®. When distilled with PCI®, it 
is converted into 7 -trichloronaphthalene (Widmann). 

IHchloronaphthalene-a-sulphonic aeid, C*®H®CP.SO*(OH), prepared by heating the 
foregoing chloride with water at 140°, crystallises in long colourless glistening flat 
needles, somewhat soluble in cold water. Its salts are difficultly soluble, and crystal- 
lise either in needles or plates ; several of them require heating nearly to 200 ® before 
they are completely deprived of their water of crystallisation. The potassium salt, 
C*®H'Cl®.SO®K, 2 lPO, crystallises in groups of fine white pliabfe needles; it loses 
1 mol. of water under the desiccator, and the remaining molecule when heated at 
185°; 1 pt. of the salt dried at 1 00 ® dissolves in 115 pts. of water at 15®. The 
sodium salt, C*®H*Cl®.SO®Na,30H^ forms long glistening flat prisms ; it loses 1 mol. 
of watfr under the desiccator. The calcium salt, (C*''H®Cl*.»SO®)*-*Ca,4lI‘0, is very 
difficultly soluble in water, and crystallises from a hot concentrated solution in wliito 
glistening quadratic or rectangular plates. The sme salt, (C'®H®CP.80®)*Zn, 711*0, 
forms glistening plates difficvdtly soluble in cold, but more easily in hot water. The 
amide, C'®H*C1* SO*(NH*), crystallises from alcohol in flat feathery groups, melting 
above 250® (Widmann). 

DichU>ronaphthalene’fi~su1 phonic chloride, C*®H®Cl*.SO*Cl, prepared in a similar 
manner to the above from the /9-sulphonic tetrachloride, crystallises from benzene in 
thin white needles, grouped in ball-like forms; it melts at 133°. When distilled 
with PCI®, it yields f-trichloronaphtlialene (Widmann). 

BicUoronaphthalene-^sulphonic acid, C*®H®Cl*.SO*(OII), obtained by decomposing 
the above chloride with water at 130°, is very soluble in hot, but only moderately in 
cold water. When a moderately concentrated warm solution is cooled, it solidifles to 
a jelly-like mass. Its salts also exhibit a great tendency to crystallise in a similar 
manner in gelatinous masses of extremely fine needles, and are thus sb.arply disi inguished 
from those of the o-acid. They contain vailing amounts of water, according to the 
conditions under which they are formed, and are all more or less diffieultly soluble in 
water. The amide, C‘®H®CP.S()*(NH“), crystallises from boiling alcohol in nodular 
aggregates of extremely fine glistening needles ; it melts at about 245°, but, like the 
a-amide, becomes blackened (Widmann). 

• 

a-Ni tronaphthalenc-a-sitlphonic acid, C'®II®(N 0*).SO*II. — This acid may be 
formed by nitration of naphthalenc-a-sulphonic acid, and by the action of sulphuric 
acid on o-nitronaphthalenc, but is best prepared by the latter method. It crystallises 
with 4 mols. of water in long straw-yellow prisms, easily soluble in pure water, but 
difficultly soluble in presence of sulphuric acid ; hence it maybe purified by precipita- 
tion with sulphuric acid. Its salts crystallise well, the potassium salt with half a 
mol. of water in large plates, the ammonium salt with 1‘5 mol. of water in needles, 
and the silver salt in anhydrous moiuxrlinic prisms. The ethyl salt melts at 101®, 
the chloride at 113® (Clevo, Bull, 80 c, Chim, xxiv, 606). 

By the action of sodium amalgam on its aqueous solution, o-nitronaphthaleno-o- 
sulphonic acid is converted into sulphuric acid and amidonaphthalcno (Claus a. GraefT, 
ibid. X. 1303). 

The corresponding amido-aei^, C*®H'^NH*).SO*H, is a crystalline powder; on 
treatment with nitrous aeid, it yields the rfmro-compound C*®II®(N* SO®), which crys- 
tallises in yellow needles, and when heated with water, is converted into a dihydroxy- 
naphthalene, C'®ll®(OH)* (Cleve). 

Niiro 7 iaphthalene-P~sulphonic acif^.-Naphthalene-jB-sulphonic acid yields, on nitra- 
tion, several isomeric mononitro-derivatives, which may be partially separated by 
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means of the barium salts. The acid of the least soluble salt crystallises in yellow 
needles easily soluble in water. Its salts are mostly difficultly soluble'. The jmtas- 
aiurn and amimnium salts are anhydrous ; the barium salt contains 1 mol. of water, 
and is difficultly soluble, oven in boiling water. The ethyl salt melts at 114°, the 
chloride at 125*6°. 

The corresponding «77nWo-acid crystallises in anhydrous rhombic plates or in prisms 
with 2 mol. of water (Cleve, Bull. Soc. Chim. [2], xxvi. 444). 

The barium salt remaining after that of the above nitro-acid (Cleve’s iS-acid) 
been separated, appears still to contain two, if not three, nitro-acids. By converting 
it into the chloride, extracting with hot cjirbon bisulphide, and crystallising the 
undissolvod portion from carbon bisulphide, the chloride of one of these — the so-called 
8-acid of Clove —may be separated in the pure state. It crystallises in large well- 
defined prisms, melting at 169'’, only sparingly soluble in carbon bisulphide and acetic 
acid. The acid formed by heating the chloride with water at 130° is easily soluble, 
and forms easily soluble salts. The barium salt, [C*®ll®(N0*).S0®pBa,H*0, forms 
pale yellow needles. The amide, G*“Il®(NO‘‘‘).SO‘*(NU*), crystallises in yellow prisms 
melting at 216°. 

The corresponding amido-dJC\^ crystallises from water in silvery scales (Cleve, 
ibid. xxix. 414). 

Amidonaphthalenesulphonic acid. Naphthionic acid, C*®H*(NH*).SO®H. — 
The acid which Piria obtained, by acting on amidonaphthaleno with ammonium sul- 
phite (iv. 17), is identical with that prepared by Schaal a. .Schmidt from amidonuph- 
thalene and sulphuric acid (Cleve, ibid. xxvi. 241 ). On displacing the NH'-^-groiip by Cl 
and distilling the, resulting chloro-acid with PCP, i8-dichloronaphthalone is produced. 

Naphthalenedisulphonic Acids, — According to Ebert a. Merz (Bcr. ix. 
592), two isomeric naphthalrncdimlphnnk acids, C’''H®(SO®IT)^ are simulta.ncou.sly 
pro(luced on heating naphthalene with an excess of sulphuric acid. About equal 
amounts of the a- and jS-ncid are formed when a mixture of I pt. naphthalene and 
6 pts. concentrated acid is heated for four hours at 160°, the product being free 
from monosulpho-acid ; but if the same mixture be heated for^ about twenty-four 
h<jurs at 180°, the product consists almost entirely of .the i3-acid, and the pure o-acid 
may be converted into the i3-acid by prolonged heating with sulphuric acid at 180°. 

To separate the two isomerides, the hot aqueous solution is neutralised first with 
calcium hydrate and finally with calcium cjirbonate, then filtered, and the filtrate 
evaporated dow’ii. As the liquid becomes concentrated, crystalline crusts of the jS-salt 
separate out, and must bo removed from time to time; ultimately the coucentraled 
solution is strained boiling hot, and then evaporated to complete dryness. If the 
residue thus obtained be added to boiling water, the whole of the o-salt at once dis- 
solves, while but very little of the iS-salt goes into solution ; the liquid is rapidly 
filtered, and the filtrate left to cool in covered vessels, when almost pure o-salt is 
deposited. This is collected, freed from the mother-liquor by pressure, and recrystal- 
lised. A considerable amount of i3-salt remains with the calcium sulphate ; this is 
extracted by prolonged boiling wdth a large quantity of water, and the solution 
evaporated. The residue, together with the crude jS-salt previously obtained, is 
ground up with water, and then carefully washed to remove the adhering o-salt. The 
calcium salts thus obtained may bo converted into sodium or potassium salts in the 
usual manner. 

By heating the dry potassium salts with phosphoric pentachloride at 140°, the 
corresponding sulphochlorides are obtained in almost theoretical proportions. After 
distilling off the phosphoric oxychloride, the residue is treated with water, and then 
once or twice crystalli.scd from boiling benzene. 

a-Naphthalmedisnlphonic chhiidc, C*“H®(SO”Cl)^ crystallises from hot benzene in 
magnificent colourless, transparent four or six-sided plates, which may be obtained of 
a large size, resembling epidote crystals, by allowing the solution to evaporate spon- 
taneously. From ether it not unfrequently crystallises in sharp needles ; it is seldom 
obtained in well-formed crystals from an acetic acid solution. The crystals deposited 
from ether or acetic acid remain perfectly colourless and transparent, but those 
deposited from benzene generally become opaque, this change taking place either 
immediately or after some time ; the change is in no way duo to efflorescence. It 
dissolves in 7*5 pts. of benzene at 14°. It melts at 157°-158°. 

^Naphthalenedisulphonic chloride crystallises from hot saturated solutions in 
bundles or tufts of small white needles, at most from .3-5 mm. in length. From 
toluene, on slow evaporation, it is deposited in large thin plates which often exhibit 
peculiar grotesque outlines. It dissolves in 220*7 pts. of benzene at 14°, but 
is much more soluble in presence of the o-cliloride. It is also very slightly soluble in 
acetic acid, which very easily dissolves the a-cliloride. It melts at 226°. Both 
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chlorides are decomposed and carbonised with evolution of sulphur dioxide when 
heated above their meltingf-points. When triturated with ammonium carbonate and 
then warmed with concentrated ammonia solution, or directly treated with the 
latter, they are converted into the corresponding sulphonamides. The naphthaleno- 
disulphouic chlorides are not acted upon by sodium amalgam even at 160® (Gessner, 
ibid, ix. 1603). 

ti^Naphthaleiiedimlphonamidc, C'®H'*(SO*.NII2y-, is moderately soluble in hot 
ammoniacal water or alcohol, whereas the iS-amide is very slightly soluble in the 
first liquid, and almost insoluble in alcohol, ether, benzene, and toluene. The a-amiJe 
crystallises in delicate glistening needles, the d-amide in small needles. The former 
melts at 242®-243® ; the latter remains unfused at 305°. 

By heating with water in sealed tubes at 150®, the naphthalenedisulphonic chlorides 
are completely converted, within three to four hours, into the corresponding acids ; 
but if the temperature be raised to 200°, they are resolved into nnphthalone and 
sulphuric acid. If the a-sulpbonic chloride be heated with only its own volume of 
water, the o-sulphonic acid crystallises out on cooling in long brilliant white needles. 
The jS-chloride cannot be entirely decomposed by so small a quantity of water at 
160®-160®, and the dilute solution obtained when the necessary amount is taken does 
not crystallise ; but on concentrating the solution in a vacuum, it separates in smnll 
glistening white plates. Both acids are sparingly soluble in cold hydrochloric acid 
solution, but extremely soluble in water. 

Acid salts cannot apparently be obtained from either acid. The salts of both are 
extremely stable; those of the a-acid contain more water than the corresponding 
i3-salts ; the water of crj^stallisation is, in most cases, completely expelled only above 
200®. The o-salts crystallise more readily and are more soluble than the jB-salts; 
characteristic of many of the latter is the slowness with which they dissolve. 

a-Salts . — The potasshuii salt, C'“H®(SO®K)'‘*, 211*0. crystallises from a hot saturated 
solution in colourless tveansparent needle.s, soluble in 1*4 pts. water at 14®. The 
sodium s^^lt, 0‘®H®(S0*Na)*,6H*0, forms large glistening needles, soluble in 2*2 pts. 
water at 18'^ ; one-half the water of crystallisation is removed by exposure ov{?r 
sulphuric acid. 'Pko calchm salt, C^®H*.(SO®)“Ca, crystallises with varying amounts 
of water, separating from a rapidly cooled hot saturated solution with 3 mols., and 
from a slowly cooled solution with 6 mols.; tbe latter dissolves in 6*2 pts. -water at 
1 8°. It separates from aqueous alcohol in colourless glistening needles. The harhnn 
salt, C’®H®.(80*)*Ba,2H*0, forms long broad needles, soluble in 82*2 pts. water at 19®. 
The lead salt, C‘"ll®.(SO*)*Pb,2H'‘'0, is the most beautiful of all the o-salts, crystal- 
lising in long glistening needles, easily soluble in water. 

Salts . — The potassium salt, C’®lI®(SO®K)*, crystallises in bushy groups of white 
needles, soluble in 19*2 pts, water at 18®. The sodium salt, C*®H®(SO®Na)*,H‘'0, 
separates in aggregates of well-formed microscopic prisms, soluble in 8*4 pts. water at 
19®. The calcium sail, C'®H.®.(SO®)^Ca, contains, when air-dry, from 1 to 1*5 percent, 
of water. It crystallises with difficulty, and although soluble to the extent of 1 pt. 
in 16*2 pts. water at 18'', it is dissolved with great difficulty by water when it has 
been once dried. It is no more soluble in hot than in cold water, consequently a 
saturated .solution filtered boiling hot does not deposit crystals on cooling, even after 
long standing. The harium salt, G'®n*.S()®)‘‘‘Ba,H*0, closely resemble.s the calcium 
salt, but is more soluble in hot than in cold water. The lead salt, C'®Il®.(SO*yPb,OIl2, 
like the calcium and barium salts, crystallises badly, and when once separated dis- 
solves with difficulty in water. 

On fusion with potassium hydrate, potassium a-naphthalonedisulphonate exchanges 
both sulpho-groups for hydroxyl, forming a dihydroxyn.Mphthalcne, C‘®II®(OH)*, but 
the iB-salt exchanges only one ; the naphlholsulphonate thus produced is said to be 
identical with that prepared fi*om i9-naphthol and sulphuric acid. 

Napjithalenetetrasulphonic Acid^ C‘®HXSO®II)*. — According to Senhofer 
{Bcr. viii. 1486), this acid is formed on heating a solution of naphthalene in sulphuric 
acid with phosphoric anhydride in sejikfd tubes at 260° for three to four hours. Its 
harium salt, [C‘®H^(SO*) ‘ ]Ba*, separates partly in ill-defined crystalline masses, and 
partly in long, solid, pointed prisms. 

Waptathalenesulplioiiefl. The formation of a compound of the formula 
(C'"H’)*SO*, first observed by Berzelius in 1837 (v. 622), by the action of sulphuric 
acid on naphthalene, has been confirmed J>y Stenhouse a. Groves {Bet. ix. 682), and 
also by Cleve {ibid. x. 1723'^, Bull, Chim.^ xxv. 266). A mixture of 8 pts. pure 
naphthalene and 3 pts. sulphuric acid is heated to 180® in a retort. After two to 
three hours, water is given off, and in order to maintain the temperature constant, it 
is necessary to apply more heat ; at this stage a reaction appears to take place, lasting 
one or two hours, and a considerable amount of water passes over. When, after 
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about another hoar, water is no longer given off, the source of heat is removed, and 
the product allowed to cool down to 100®; 4 pts. of boiling water are then added, 
and the whole poured out into a dish. When cool, the product consists of a brownish- 
yellow cake of the naphthalonesulphones, mixed with excess of naphthalene, and of a 
pasty crystalline mass of almost pure naphthalene-jO-sul phonic acid. The naphthalene 
is removed by steam-distillation, and the pulverised resiilue is then extracted with 
boiling carbon bisulpliide and the undissolved portion washed witli this solvent until 
the liquid runs through colourless. The solution deposits a considerable quantity^of 
hard prismatic crystals of the a-sulphone on cooling, mixed, however, with nodular 
aggregates of needles, from which they may be separated either mechanically or by 
repeated crystallisation from alcohol and carbon bisulphide. The a-sulphone is easily 
purified by alternate crystallisation from these solvents, and when pure melts at 123°. 
The residue from the treatment of the crude product with carbon bisulphide consists 
almost entirely of the fi^atdphone, which may be purified by recrystallisation from 
boiling alcohol, in which, however, it is only sparingly souble ; it crystallises in silky 
needles, melting at 177® (Stenhouso a. Groves). 

According to Cleve, the /3-sulphono yields a mixture of jS-chloronaphthalene and of 
naphthalene-j3-sulphonic chloride when distilled with phosphoric pontachloride. 

Mixed Sidphmes . — When a mixture of benzenosulphonic chloride, C®H*.SO*Cl, 
and naphthalene, in equal molecular proportions, is heated with zinc dust, a mixed 
sulphono of the formula C'*Il\SO* C“*H', melting at 121°, is produced (Crustschoff, 
Ber, vii. 1167). 

According to Michael a. Adair {jbid. x. 685), the same compound is formed, 
together with an isomeride (o-phonylnaphthylsulphone), on heating a mixture of 
benzenesulphunic acid and naphthalene with phosphoric anhyilride for eight to nine 
hours at 170°-190®, and is produced alone on heating a mixture of benzene and 
naphthaleno-/B-sulphonic chloride with phosphoric anhydride at 180®-200°. 

or-Naphthylplienylmlphone separates from alcohol in groups of rhombohodral 
crystals, melting at 100°, easily soluble in hot alcohol, ether, benzene, or acetic acid. 

^Naphthylphnylsulphine crystallises from alcohol or ether in fan-like groups of 
long needles, melting at 115°-116°. The crystals are very bulky ‘and glisten, whereas 
those of the ct-compound are lustreless. 

Dimethylamiilo-derivatives of these two sulphonos are obtained on heating di- 
methylaniline with naphthalene a- and iS-sulphonic chlorides (Michler and Salathe, 
Bar, xii. 1789). 

MTaphtbaleneaulpliliilo Aolds, C*®H".S0*1I. The formation of an acid 
of this formula from naphthalene.sulphonic chloride was first indicated by Otto and 
Mories (vi. 860). The naphthalenesulphinic acids have more recently been studied by 
Gessner {lier. ix. 1500). 

Naphthalene^a-sulphinie acid is prepared by digesting a solution of naph- 
thalene-a-sulphonic chloride in anhydrous ether with sodium amalgam in a flask 
attached to a reversed condenser. The amalgam is added gradually, finally in excess, 
and the heating continued until a portion of the solution loaves no residue on 
evaporation. The ether i.s then distilled off, the residue dissolved in water, the 
solution treated with an excess of hydrochloric acid, evaporated to a considerable 
extent, and then set aside to crystallise. The greater part of the acid .separates in 
crystalline crusts. It is purified by repeated conversion into the barium salt and 
decomposition by sulphuric acid* finally, its solutionis boiled with lo;ul carbonate, 
the resulting lead salt is decomposed with sulphuretted hydrogen, and the liquid is 
then evaporated to the crystallising point. 

It forms white glistening scales, which melt only at a high temperature, much 
more soluble in pure water than in water containing hydrochloric acid, moderately 
soluble in alcohol and sparingly soluble in ether. It i.s decomposed by dilute hydro- 
chloric acid at 1 80° into naphthalene and sulphurous acid. 

The naphtlialene-orsulphinates crystallise in glistening silky scales or needles, 
and are, for the most part, easily soluble in water and alcohol. The pota^ 
sium salt, (C‘®H^.SO‘'*K)'‘'.H*0, forms white glistening scales. The barium salt, 
(C*®n^SO*)*Ba,l *511*0, crystallises in fine needles, and requires 201 pts. of water 
at 14° and 50 pts. of boiling water to dissolve it. The lead salt, (C’“H*.SO‘*)*Pb,H*0, 
separates from a concentrated solution in long branched glistening needles. The 
silver salt is anhydrous, crystallising in glistening ea.sily soluble plates which bear 
heating at 200° and above. 

Baphthalene^fi^sulphinic Acid, — Naphthalene-i3-sulphonic chloride is more 
readily acted upon by sodium amalgam than the o-sulphonic chloride. If the product 
—-a mixture of sodium chloride and sodium naphthalene-o-sulphinate— be extracted 
with alcohol, the latter is dissolved, and may reailily be isolated. If the aqueous 
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solution of the sodium salt bo treated with hydrochloric acid in excess, the sulphuric 
acid is precipitated as a white almost lustreless microcrystalline powder. It melts at 
105^. It is by no means difficultly soluble in alcohol, ether, and pure water, but 
almost insoluble in dilute hydrochloric acid. It is more readily decomposed by 
hydrochloric acid (at 150®) than the o-acid. The barium salt is anhydrous, and 
forms white glistening needles, soluble in 16 pts. of boiling water. The calcium salt, 
(C*®H’.S0*-')2Ca,3H®0, is a white lustreless crystalline powder, easily soluble in water 
and alcohol. The magnesium salt, (C'®H^.S0‘^)Mg,6H‘‘®0, forms glistening scales more 
soluble in alcohol than in water. 

Chhronaphthalenesulphinic add, G‘®H*CLSO®H, prepared by treating an ethereal 
solution of chloronaphthalenosulphonic bromide with sodium amalgam, &c., crystal- 
lises from alcohol in fine needles. On the addition of barium chloride to its aqueous 
solution, barium chloronaphthalenesulphinate, (C*®H“Cl.S0'‘*)'‘*Ba,l'5H®0, is gradually 
precipitated ; by crystallisation from boiling water, it is obtained in glistening scales. 

Naphthalene-o-sulphinic acid apparently yields a bromo-derivativo on treatment 
with bromine. On adding bromine to a solution of barium naphthalene-iS-sulphinate, 
a white precipitate of barium bromonaphthalene-jS-sulphinate is at once produced 
(Gessner). 

STaphthalenepboaphonlo Acids. When mercury dinaphthyl, Hg(C’®H^)^, 
is heated with phosphorous chloride, PCI®, in sealed tubes for several hours at 
l80®-200®, two chlorides, C»®H'.PCl® and (C>®H0‘‘'PC1, are formed. On treat- 
ment with water, the former is converted into so-called naphthylfhosphorous 
acid, G*®H^POH(OH), while the latter yields so-called dinaphthylphosphinic acid, 
(C'®H0“.PO(On), oxygen being absorbed. Wlien the chloride C‘‘‘iP.PCl= is sub- 
mitted to the action of chlorine, it is converted into the tetrachloride C*®II^PCP, 
and this yields so called naphthylphosphinic acid, C*®H’.P0(01I)-, on treatment with 
water (Kclfie, Bcr. ix. 1051 ; xi. 1499). It would be more in accordance with tlio 
system adopted in the case of the sulphur acids if the derivatives of phosphoric acid 
were ternied pJmphonic acids, and the derivatives of phosphorous acid phosphinio acids, 
thus prescridiig th^ idea of the relationship of the former to the phosphonium type 
and of the latter to the phosphi^yo type. 

Naphthylphosphonw acid, C*®H’.PO(OH)®, crystallises in long needles, easily soluble 
in hot, but with difficulty in cold, water. It melts at 190®, and when heated above 
this temperature is converted into a glassy mass, which, on exposure to moist air, 
gradually regains the crystalline structure. When strongly heated, it decomposes, 
Mith separation of carbon, into mctaphosphoric acid and naphthalene. The silver 
salt, G*®H^PO(OAg)®, falls as a white precipitate on the addition of silver nitrate to a 
solution of the ammonium salt. 

Dinaphthylphosphonic acid, (G*®H^)®PO(OH), crystallises in needles molting at 
203® ; it is insoluble in water, but easily soluble in alcohol. It decomposes carbonates. 

Naphthylphosphinic add, C'®H'.POH(01I), crystallises in aggregates of small 
white needles, difficultly soluble in cold but more soluble in hot water, almost insoluble 
in hydrochloric acid. When dry, it melts at 126®, but when boiled with water, it 
melts before dissolving. 

Naphthylarsonio aoid, G'®H^AsO(OH)®. Naphthylarsinic add (Kolbe). — This acid 
is prepared in the same way as the corresponding phosphonic acid, using arsenious 
chloride, AsGl®, instead of phosphorous chloride. The former acts much more readily 
on mercury dinaphthyl than the latter, however. The acid crystallises from water in 
colourless needles, melting at 197° (Kolbe, Ber, xi. 1503). 

Gyanonapbtbalenes. a-CyaiumapJdhalene is formed in by no means incon- 
siderable quantity when a mixture of cyanogen gas and naphthalene vapour is passed 
through a tube heated to dull redness. It is also formed on passing naphthalene 
vapour over a mixture of pohissium ferrocyanido and quartz sand heated somewhat 
above dull redness (Schelnberger ; Merz a. Weith, Ber, x. 746). Another method 
of producing it consists in heating sulphocarbonaphthalide with copper powder 
(Weith, ibid. vi. 967). 

If a solution of 2 pts. iS-cyanonaphthalene in 1 pt. of alcohol be saturated with 
hydrochloric acid gas, it begins, after a few hours, to deposit crystals, and after 
twenty-four hours is converted into a solid crystalline cake of the hydrochloride of 
so-called fi-naphthimidoethylate, C*®H^C(NII2Cl).OG®H* (Lohmann a. Pinner, Ber. xi. 
1485). This compound decomposes when heated into ethyl chloride and 3-naphthoic 
amide, G'®H^.GONH*. If it'be agitated with an excess of ammonia solution, the free 
base, C*®H^G(NH).OG*H®, separates as an oil, which crystallises only after months, 
insoluble in water but easily soluble in alcohol, benzene, and ether. If the hydro- 
chloride is digested with an alcoholic solution of ammonia at 50®--60®, it is converted 
into the hydrochloride of the imidoamide G*®H^N(NII)(NH®G1) ; this crystallises in 
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Btar-like groups of needles, easily soluble in water and alcohol, melting at 224^-226°. 
The corresp)nding base, C*"H’.C(NH)(NH*), separates as an oil on treatment of the 
hydrochloride with sodium hydrate solution; on exposure in mcuo^ it solidifies to a 
white granular mass. 

By employing isobutyl alcohol in place of ethyl alcohol, the corresponding Uohutyl 
compound, 0“*H^C(NIPC1).()C*H®, is obtained. The free base crysUlliscs from ether 
in long needles molting at 38° ; on digestion with acetic anhydride, it is converted 
into 3ie acetyl-derivative, C'®H'.C(NH).0C®H*0, which crystallises from boilit^ 
alcohol in glistening white noodles molting at 160°-162°. 

Bromo-orcyanonaphthalene^ C‘®fl®Br.CN, prepared by the action of bromine on a 
solution of a-cyanonaphthalene in carbon bisulphide, sublimes in fine white needles 
melting at 147°. It is easily soluble in chloroform, benzene, boiling alcohol, ether, 
and glacial acetic acid (Ilausmann, ibid. ix. 1516). 

Brmtuh^-cyanona'phthalene sublimes in broad white needles melting at 148°-149°. 
It is easily soluble in benzeno and chloroform (Hausmann). 

Bicyanonaphthalenes. By distilling the pure potassium or sodium salts 
of the isomeric a- and jS-naphthalenedisulphonic acids with potassium cyanide, 
Kbert a. Merz (Ber. ix. 604) have obtained the corresponding dicyanonaphthalenes, 
C’®1I“(CN)*, in a state of purity. Externally they very closely resemble each other, 
subliming easily and almost entirely in long white glistening needles, and crystallising 
in a similar manner from solvents, especially acetic acid. The a-dicyanide, however, 
melts at 267''“268°, the /3-dieyanide at 296°-297°. The jB-compound is almost 
insoluble in boiling ether, alcohol, and benzene ; the cK:ompound is in a not incon- 
siderable degree soluble in boiling alcoliol. By heating under pressure with hydro- 
chloric acid at 200°-213°, or by boiling with a solution of potassium hydrate in 
amylic alcohol, both are completely converted into corresponding dicarboxylic acids, 
but the jS-compound is much the more slowly acted upon. 

It is doubtful whether the dicyanonaphthalenes prepared by Darmstadter and 
Wichelhaus from the bromonaphthalenesulphonic acids were obtained in a state of 
purity. 

Waplitlialenecarbozyllc Acids. Naphthoic C’®H^COOH. 

In preparing the naphthoic acids according to Merz’s method, potassium ferrocyanide 
may with advantage be employed in place of potassium cyanide in converting the 
sulpho-salts into cyanides (Witt, Ber, vi. 488 ; Hausmann, ibid. ix. 1514). 

A number of metallic salts of /3-naphthoic acid htive been described by Vieth 
{ibid, viii. 1278; comp. viii. 1505; ix. 1613; Liebigs Annalen^ clxxx, 314), Both 
flt- and /9-naphthoic acid yield phthalic acid when boiled with a solution of chromic 
anhydride in glacial acetic acid (Vieth). 

Methyl-fi-naphthoatet C'®Il^COOC^I®, produced by heating )3-naphthoic chloride 
with methyl alcohol, forms glistening crystalline scales melting at 77°, and boiling at 
about 290°. The corresponding ethyl salt, 0'®H^C00C'^H^ is a very easily fusible 
substance ; it boils at 308°-309° (Vieth). 

fi-Naphihoio chloride, G*®H’.COCl, prepared by treating jS-naphthoic acid with 
phosphoric pentachloride, is a crystalline substance melting at 43° ; it boils at 305° 
(Grucarevic a. Merz, Ber, vi. 1242 ; Vieth, he. cit.) 

^Naphthoic amide, C'®iP.CO(NH2), produced by warming the chloride with 
pulverised ammonium carbonate, crystallises in colourless plates, melting at 192° ; it 
is difficultly soluble in cold, more soluble in hot alcohol, ether, chloroform and 
benzene. 

fi-Naphthoic phenylamide, C‘"H^CO.NH(C®H*), prepared by adding the chloride 
in equivalent quantity to a solution of aniline in benzene, or by heating a mixture of 
i9- naphthoic acid with an excess of aniline for several hours at 120°, forms glistening 
plates, easily soluble in alcohol and warm benzeno and chloroform ; it melts at 170°. 
^-Naphthoic-tolylamide, C^®H^CONHO'H^ obtained in a similar manner, forms silky 
glistening needles, easily soluble in alcohol and chloroform; it melta at 191°. 
^•Naphthoic naphthylamide, C*®H^CONHC*®H^ crystallises in very small needles, 
difficultly soluble in ether, but moderately soluble in alcohol, chloroform, and benzene; 
it melts at 157°. P-Naphthoylurea, C*®H^CO.N*H®CO, produced by warming the 
chloride with urea, ciystallises from hot alcohol in microscopic needles, melting at 
216° (Vieth). 

aP-Naphthoic anhydride, (C‘®H^CO)20, is produced by heating a mixture of o- 
naphthoic chloride and diy potassium iS-naphthotite at 150°-1 60°, until the odour of 
the chloride has disappeared. It crystallises in line needles melting at 126° (Haus- 
mann, Ber, ix. 1515). 

P^-Naphthoic anhydride, (C‘®H^CO)*0, prepared in a similar manner from /3-naph- 
thoic chloride and potassium i3-naphthoato, crystallises from ether in needles united 
in the form of glistening plates ; it melts at 134° (Hausmann). 
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Napkthoylhensoio acid^ C'^’H’.CO.C'H^.COOH. See Ador and Crafts {Ber, zii. 

2086 ). 

Bromonaphthoic acids, — Bromo^a^naphthmc acidy C‘®H“Br.COOH, may be 
produced either from the corresponding cyanide (p. 1359), or by the action of bromine 
on silver a-naphthoate, by heating a-naphthoic acid with bromine and water at 160°- 
160°, or by the action of bromine in presence of iodine on a warm acetic acid solution 
of a-naphthoic acid, being best prepared by the last-mentioned process. It sublimes 
in small white needles melting at 242° ; it is almost insoluble in boiling water, 
sparingly soluble in cold ether, alcohol, and acetic acid, easily soluble in benzene ; 
from hot alcohol or acetic acid, it crystallises in granules. 

In the formation of this acid from bromo-a-cyanouaphthalene, hromo-Cf^phthoic 
amide, C^®H*J5r.CONH*, is obtained as an intermediate product ; it crystallises from 
hot alcohol in broad white needles melting at 241°. 

Bramo-fi-naphthme aeid is prepared in the same manner as the a-acid ; the corre- 
sponding amide is also obtained as an intermediate product in its formation from 
bromo-)3-cyanonaphthalene. The acid crystallises from alcohol or acetic acid in white 
granules, and sublimes in fine needles melting at 256°. It is less soluble than the 
a-acid. 

The salts of the two acids differ considerably in solubility, the o-barium salt 
requiring 59 pts. and the jS-sult 4300 pts. of water at 21°, while the a-calcium salt 
dissolves in 66’5, the /B-salt in 5000 pts. of water at 20°. Both o- and jS-naphthoic 
acid yield tetrabromo-derivativos when heated with 4-5 mols. of bromine containing 
some iodine, finally at a temperature of about 350° ; a portion of the acid, however, is 
decomposed into bromonaphthalene and Ciirbon dioxide. By heating the jS-acid with 
slightly more than 3 mols. of bromine containing iodine, a tribromo-iierivdtivo is pro- 
duced. Tetrahromo-or^iaphthoio acid, C‘"ll“Br‘.CO()lI, separates from its solution in 
boiling alcohol or acetic acid in small granular crystals melting at 239°. The jS-acid 
forms similar crystals melting at 260°. Both sublime with partial decomposition in 
needles. Trihroiiw-^-maphihoic acidy 0‘®H*Br®.C001I, molts at 270° ; it also sublimes 
with partial decomposition in needles (Hausmann). 

Nitronaphthoic Acids, — The mononitronaphthoic acids have recently been 
further examined by Ekstranu (Ber, xii. 1393). According to this chemist; both o- 
and ^-naphthoic acid yield two isomeric mouonitro-derivatives if an excess of fuming 
nitric acid is added to a hot concentrated glacial acetic acid solution of either of the 
two, and the liquid is heated for some hours on the water bath. As the solution cools, 
the greater part of the loss soluble modification then sepirates out, the more soluble 
modification remaining for the most part in the mother-liquor, irom which it may be 
precipitated by the addition of w'ater ; it is most difficult, however, to separate the 
two modifications completely, and it is doubtful whether they have yet been obtained 
pure. 

The less soluble after repeated recrystallisation from alcohol, 

forms bundles of fine pliable yellowish needles, melting at 233^, easily soluble, 
especially in warm alcohol, other, acetic acid, and benzene, a hot concentrated alcoholic 
solution becoming almost solid on cooling. The ethyl salt of this acid crystallises in 
almost colourless long hair-fine needles melting at 92°. The calcium salt crystallises 
in hard prisms, soluble in 160 pts. of cold water. 

The more soluble nitro-or-naphthoic acid crystallises in hard colourless prisms 
melting at 196°. Its ethyl salt forms thick hard crystals melting at 63°. The 
calcium salt forms needles or prisms soluble in 47^pts. of cold water. 

To obtain the less soluble nitro-^-naphthoic acid, the mixture of the two acids, 
which could not bo further separated by recrystallisation from alcohol, was digested 
with ether and the residue converted into calcium salt, the latter recrystallised, and 
then decomposed by hydrochloric acid. In this way a small quantity of an acid was 
obtained, difficultly soluble oven in warm alcohol and acetic acid, from which it crystal- 
lised in small concentrically grouped needles, melting at about 280°. The ethyl salt of 
this modification crystallises in long glistening needles, often grouped in stars, melting 
at 107°. The calcium salt forms small plates, soluble in 930 pts. of cold water. The 
more soluble nitro-^\aphthoic acid crystallises in small needles melting at about 220°, 
easily soluble in warm alcohol. Its ethyl salt crystallises from alcohol in small needles 
melting at 82°. The calcium salt forms small needles, soluble in 388 pts. of cold 
water. 

Sulphonaphthoic acids, C'®H®(St)*H)(COOH), (Stumpf, Li^i^s Amalen, 
clxxxviii. 1). — o-Naphthoic acid yields three isomeric monosulpho-acids on treatment 
with weak fuming sulphuric acid, that already described by Battershall being the 
chief product. On fusion with potassic hydrate, these furnish three corresponding 
hydroxynaphthoic acidsy C*®H®(OH).OOOH, all different from the carbonaphtholic acid 



NAPHTHALENES, HYDROXY-. 1361 

of Eller and Schaeffer (vi. 862) ; that obtained from Battershall’s sulpho-acid yields 
a-naphthol when distilled with lime, jS-naphthol being formed when the two isomeric 
acids are thus treated.^ )8-Naphthoic acid yields at most traces of an isomeric sulpho- 
acid, besides that described by Battershall. The corresponding hydroxy-acid furnishes 
a-naphthol when distilled with lime. 

N aphthalenedicarhoxylic Acids. — No less than four of these acids are known, 
viz. naphthalio (naphthophthalic) acid, naphtkoterephthalic acid, and the two isomerides 
corresponding to the two isomeric (o- and /3-) naphthalenedisulphunic acids. 

Naphthalic or Naphthophthalic acid, C“H®(COOHy'*, is obtained by oxidation of 
acenaphthene and acenaphthylene {ante, p. 1346). According to Blumenthal, it is 
completely converted into the anhydride by mere exposure over sulphuric acid 

in vacuo {Ber. vii. 1092); the broad serrated plates, molting at 266®, obtained on sub- 
liming the acid (Behr, Dorp, vi. 862), appear to consist of the anhydride. 

Broin<maphthophthalic add, C*®H®Br(COOII)*, obtained by oxidation of bromaco- 
naphthene, crystallises from benzene in white needles melting at 210° ; it is less 
readily converted into the corresponding anhydride than naphthophthalic acid on 
exposure over sulphuric acid. When boiled with ammonia, it yields the imide, 

C‘®H®Br I QQ I NH, which crystallises in yellow prisms melting above 266° (Blumenthal, 
loc. oit.) 

Napldhoterephthaly: acid, C*®H*(COOH)*, obtained by boiling the dicyanonaphtha- 
lene prepared from bromonaphthalenesulphonic acid with potassic hydrate solution, 
crystallises in microscopic needles, which remain unfused at 240° (Wichelhaus a. 
Darmstadter, Liebigs Annalm, clii. 309). 

Naphthalene-a and &-dicarhoxylic acids, C*®H*(COOH)®, prepared from 
the dicyanonaphthalenos from naphthaleno-a- and i8-disulphonic acids by digestion with 
hydrochloric acid at 200®-210°, or by boiling with a solution of potassic hydrate in 
iimylic alcohol, are too difficultly soluble to bo puriOod by recrystallisation ; if dis- 
solved in an alkali, boiled with animal charcoal, precipitated by an acid, and bheii 
well washed and dried, they are obtained as white coherent apparently amorphous 
masses. As prepared by decomposing the dicyanidcs with hydrochloric acid, the 
o-acid crystallises in long needles, the /3-acid in short needles. The a-acid is very 
slightly soluble, and the iS-acid almost insoluble, in boiling benzene, toluene, end 
acetic acid ; they are somewhat more soluble in boiling alcohol. They melt far above 
300®, but arc decomposed. Their salts are with difficulty rendered anhydrous, 
some being completely deliydrated only when heated at 300°. The orpotassimi 
ailt docs not crystallise ; the /3-salt forms largo tufts of needles, very easily 
soluble in water, of the composition G'®H®(COOK)*.7JH'‘'0. The orcalcium salt, 
(J*®H"(CO*)*,40n‘'', is precipitated on the addition of calcium chloride to a neutral 
solution of the ammonium salt in small, often microscopic needles, but slightly soluble 
in water. The /3-salt, C‘®H®.(C0=)2Ca,3^H*0, forms microscopic needles almost 
insoluble in water. The a- and /3-silver salts are anhydrous amorphous powders 
which do not alter on exposure to light. Barium and zinc salts furnish white 
gelatinous precipitates with soluble a- and /3-dicarboxylates. Ethyl naphthalene-^ 
dicarhoxylale, C‘®H®(COOC='H®)^ obtained by double decomposition from the silver 
salt and ethyl iodide, crystallises from ether in colourless needles, but is easily decom- 
posed (Ebert a. Merz, Ber. ix. 606). 

Kydroxynapbtlialenea or XTapbtliols. J)ibromo-a-naphthol, 
C*®Il®Br®.OH. — To prepare tliis compound, bromine is added to a solution of a- 
naphthol in 3 pts. glacial acetic .acid : it is formed even when f)nly a single mole- 
cular proportion of bromine is employed. Crystallised from .alcohol, in which it is 
easily soluble, it forms long glistening pliable needles, molting at 111®. It is readily 
and completely decomposed by an alcoholic solution of potassium hydrate, forming 
an easily oxidisable trihydroxynaphthaleno (Biodermann, Ber. vi. 1119). 

Bromo~fi~naphthol, C*®H®Br.OH, is obtained on adding the equivalent amount of 
bromine dissolved in an equal volume of glacial acetic acid to a tolerably concentrated 
acetic acid solution of /3-naphthol. It separates in colourless needles of adamantine 
lustre, melting at 84®, soluble in alcohol, ether, benzene, and petroleum. It yields 
phthalic acid when oxidised by an alkaline solution of pohissium permanganate 
(Smith, Cheyn, 8oc. J. xxxv. 789). 

Tetrabromo-fi-naphthol, C>®H*Br®.OH,-- This compound is formed by adding bromine 
in excess to an acetic acid solution of /3-naphthol. It is less Soluble than the mono- 
bromo-derivative, separating in white needles melting at 156®. When oxidised by 
an alkaline solution of potassium permanganate, it is converted into a monobromo- 
phthalic acid, the anhydride of which melts at 125® (Smith). 

Nitronaphthols. — a-Naphthol, or the acetate formed from it, does not furnish 
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nitro-deriTatives on nitration, but are both conyertcfd into resinous masses (Bieder- 
mann, loc. cit.) The nitro-a-acotamidon^hthalene, C**H®(N0*).NHC*H*0, obtained 
by nitrating a«acetamidonaphthalone, however, readily exchanges the acetamido-group 
for hydroxyl when boiled with a concentrated aqueous solution of sodium hydrate 
(Andreoni a. Biedermann, ibid. vi. 342). The product thus obtained is a mixture of 
two isomeric mouonitro-a-naphthols, which may be separated by extracting the mixture 
with cold spirit, when that of higher melting point dissolves, or better by boiling with 
water, as that of higher melting point is readily soluble therein, and the isomeride 
only slightly soluble (Liebormann a. Dittler, Annal&n^ clxxxiii. 245). 

arNitro-a-napht1u>l, C‘®H“(NO‘).OH, crystallises in very fine needles, melting at 
164°, extremely soluble in alcohol and acetic acid ; it is almost completely precipitated 
from its cold aqueous solution on the addition of a few drops of hydrochlonc acid. 
This modification is identical with the nitronaphthol which was first obtained by 
Dusart, and subvsequently examined by Darmstiidter and Nathan (vii. 841). It yields 
dinitro-ot-naphthol, m. p. 138°, on nitration. 

Potassium a^iitro-oHiaphthol^ C*®II®(NO*).OK, forms small orange-red crystals, 
easily soluble in water. Sodium a-nitro-arnaphthol^ C*®H*(N0“).0Na,2H*0, crystallises 
in fine carmine-red needles, easily soluble in water and alcohol ; the anhydrous salt is 
blue-red. Barium a-nitro-'O-naphtholi (C‘®II*.N0*.0)*Ba,H‘^0, crystjillises in glistening 
dark-red pointed needles, exhibiting a blue dichroism ; it is easily soluble in water. 
Calcium ornitro^-naphthol^ (C‘®H®.N0^0)*Ca,3ll20, forms dark-red fine interlaced 
needles, easily soluble in water. Lead ctrniiro-or-naphtJioU [C*®H®(N0*).0]®Pb, is a 
brilliant scarlet-red ditficultly soluble powder. Silver a-nitro-o-naphthol is a carmine- 
red powder which alters on exposure to the air (Biedermann). ' 

fi-Nitro^L-naphtiwl forms small greenish-yellow plates, difficultly soluble in dilute 
alcohol and still loss soluble in water; it melts at 128°. On nitration it yields the 
same dinitro-o-naphthol as the isomeride. 

Am7noniu7n-^nilro~a-na])hthol crystallises from a hot aqueous solution in orange- 
red needles ; the corresponding o-nitro-o-naphthol derivative is extremely soluble, and 
is occasionally obtained in the form of yellowish-rod star-like groups on dissolving 
o-nitro-a-naphthol in a v'ery concentrated solution of ammonia. Barium ^litro- 
ornaphthcl^ (C^®H®.N0‘^.0)*Ba,30H*, forms glistening red needles, which become 
brown-red when dehydrat^ (Liebermann a. Dittler). 

Binitro-a-naphtholy C‘®II®(NO*)*.OH. — This compound is formed on boiling dinitro- 
a-acetamidonaphthalene with a concentrated aqueous solution of sodium hydrate. 
Calcium dinitro-a-naphthol crystallises either in orange-yellow needles, or in plates 
of the same colour, the latter form being produced when it quickly separates from 
concentrated sclutions. This salt readily loses water on exposure over sulphuric acid 
(Liebormann a. Dittler). 

Nitro-^~naphihol, C*®H“(NO''*)OH. — To prepare this body, hydrated nitroso-/3-naph- 
thol is suspended in ten times its weight of water, and an equal bulk of nitric acid of sp. 
gr. 1*25 is then added. In the course of an hour, the pure yellow colour of the nitroso- 
compound changes to a yellowish-grey, and the crystals become dense and non-coherent. 
They are then collected, washed thoroughly with water, and treated with 50 pts. of a 
cold very dilute solution of sodium hydrate (1 pt. 30 per cent, solution to 50 of water) 
and filtered from the insoluble residue. A slight excess of acetic acid is then added 
to the filtrate, and the bright yellow precipifcilo is collected, washed, and once or twice 
crystallised from boiling alcohol, in which it is very soluble. 

Nitro-i3-naphthol thas prepared crystallises from alcohol in orange-brown plates, 
scarcely distinguishable from nitroso-i3-naphthol. It is precipitated from its solutions 
as a pale-yellow crystalline powder, apparently a hydrate. It melts at 96° and forms 
orange-coloured, crystalline ammonium, potassium and sodium derivatives. It is 
more soluble than nitroso-j8-naphthol, butbehaves very like the latter with concentrated 
sulphuric and nitric acids (Stenhouse a. Groves, Chem. Soc. J, xxxii. 51). 

Trinitro-oi-mphthol, C'®H^(NO*)*.OH, may be produced by digesting dinitro-a- 
naphthol for several hours at 30°-50° with an excess of a mixture of equal weights of 
concentrated and fuming nitric acids ; only from one-fifth to one-fourth of the 
theoretical amount is obtained, however (Ekstrand, Ber. x. 1232). It is more readily 
prepared by suspending 1 pt, of dinitro-o-naphthol in 10-15 pts. of concentrated 
sulphuric acid, then slowly adding, with constant stirring, to the well-cooled liquid 
from 1^-1 J times as much fuming nitric acid dissolved in sulphuric acid as theory 
requires ; the mixture is left to stand surrounded with cold water for about ten days, 
but well agitated several times daily. It is then poured into a large quantity of ice- 
cold water, and the crystalline mass which separates is well washed, pressed and 
dried, and then recrystallised from a large quantity of boiling acetic acid. On account 
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of its slight solubility in the cold acid, it is readily obtained pure, and for most 
purposes it suffices to extract the well-pulverised dry product two or three times with 
boiling acetic acid or alcohol in order to remove unattached dinitro-o-iiaphthol. 

Trinitro-a naphthol melts at 177°i It is a brilliant yellow dye. When oxidised by 
an alkaline solution of potassium permanganate, it yields nitrophthalic acid (m. p. 212°). 
The potassium salt has the formula C*®H*(N0*)*.0K,H*0 (Diehl a. Mcrz, iUd, xi. 1661^ 
^ Nitrohromo^a-naphthol, C*®H*Bp(NO®).OH. — T his comjwund is obtained by 
boiling the nitrobromo-a-acotamidonaphthaleno formed on nitration of bromo-o-acet- 
amidonaphthalene with a concentrated aqueous solution of sodium hydrate, &c. It 
closely resembles o-nitro-a-naphthol, and melts at 142® (Biedermann a. Remmers, 
ibid. vii. 538). 

Nitrosonaphthols , — Two isomeric nitroso-a-naphtkolsj C’®H®(NO).OH, are 
formed by the action of nitrous acid on a-naphthol, but i8-naphthol yields only a 
single nitroso-dorivative. To prepare the former, 60 grams of a-naphthol are dissolved 
in a dilute solution of 40 grams potassium hydrate, which is then diluted with about 
18 litres of water ; aftcT cooling the liquid to 10®-6°, a solution of 70 grams potassium 
nitrite is added, and then, little by little, 85 grams of sulphuric acid in 1 litre of 
water. In a short time, a yellowish-brown flocculent precipitate is produced ; after 
four-and-twenty hours, this is filtered off, washed and crystallised from water in 
order to separate a black resinous substance. By recrystallising the product thus 
obtained from benzene, it is separated into a more solul)lo yellow nitroso-a-naphthol, 
corresponding to i3-nitro-o-naphthol, and a less soluble white isomoride corresponding 
to or-nitro-a-naphthol, the former being chiefly produced (Fuchs, Bsr. viii. 626). 

a-NUroso-arnaphthoL crystallises in dirty white or brownish coloured needles, 
melting with decomposition at 175®-185® ; when precipitated from arfalkaline solution 
by an acid, it has a pure white colour. It is easily soluble in acetone, alcohol and 
ether, but dissolves with difficulty in chloroform and carbon bisulphide, and is only 
sparingly soluble in hot benzene and toluene. It is oxidised with considerable 
difficulty by means of an excess of potassium ferricyanide in presence of alkali, and 
converted into a-nitro-a-naphthol (m. p. 164®) ; on treatment with nitric 'acid, it yields 
dinitro-o-naphthol. 

fi-Nifroso-a-naphthol crystallised from benzene has a yellowish-green or green 
colour ; when precipitated from an alkaline solution, it has a pure sulphur-yellow 
colour. It melts, with decomposition, at 145®-150°. It is ejtsily soluble in acetic 
acid, alcohol, and acetone ; less soluble in benzene, carbon bisulphide, chloroform and 
petroleum, and almost insoluble in cold water but more soluble in hot water. It 
crystallises best from acetic acid, benzene or water, and in fine needles. It is a body of 
considerable stability, dissolving in concentrated sulphuric acid but being repre- 
cipitated by w’Jiter, being unaltered by prolonged boiling with water, being unaffected 
by nitrous acid in the cold, and being merely converted into the potassium-derivative 
by prolonged boiling with an alcoholic solution of potassium hydrate. It is some- 
what volatile in a current of stejim. On oxidation with potassium ferricyanide in 
alkaline solution, it yields i3-nitro-a-naphthol (m. p. 127®). Nitric acid converts it 
into dinitro-a-naphthol. 

Potassiu7n fi-9iitroso-ar^iaphtkol, C^®H®(NO)OK, may be prepared either by dissolv- 
ing the riitrosonaphthol in an aqueous solution of potassium hydrate, saturating the 
excess of the latter with Gxrbon dioxide, evaporating to dryness, and extracting with 
alcohol, or by adding an alcoholic solution of i^tassium hydrate to an alcoholic solution 
of the nitrosoiiaphthol. In the latter ease, it is precipitated in glistening metallic 
green plates which, when dry, appear yelloMrish-red in transmitted light, the superficial 
colour being hotweeii copper-re<i and bran-yellow. It is moderately soluble in 
water, insoluble in a solution of potassium hydrate. Sodium 0-niiroso-ar^iapbikolt 
C*®H®(NO)ONa, crystallises from water in glistening prisms, which appear yellow-red 
by transmitted light and red-brown by reflected light. Ammonium fi-nitroso-cb-naphthol 
is precipitated on mixing alcoholic solutions of ammonia and of the nitrosonaphthol in 
fine glistening metallic-green needles, which give off ammonia on exposure to the air. 
Barium fi-nitroso-a-napJuholj [C*®H®(N0)0]*Ba,2H*0, prepared by precipitating a 
solution of the nitrosonaphthol in dilute ammonia with barium chloride and recrystal- 
lising the precipitate from water, forms small glistening plates which exhibit 
pronounced yellowish-green and purple-red diehroism. The silver derivative is a 
brown-red pulverulent precipitate. Tho lead-derivative crystallises from alcohol in 
dark-brown glistening crystalline scales. Tho methyl derivative. C‘®H®(NO).OCH*, 
prepared from the silver-derivative, crystidlises from dilute alcohol in yellowish-green 
to steel-blue coloured needles, molting at 96®. The ethyl derivative crystallises in 
Yery thin, flat, glistening, greenish-yellow needles, molting at 101®. Benzoyl fi^iitroao- 
a-naphtholf C*®H®(NO)O.CO.C®H*, is produced by adding the sodium derivative to 
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cooled benzoic chbride. The semi-solid mass is heated for a fov moments on the 
water bath, then digested with cold water for three to four hours, the benzoic acid 
extracted by boiling with water and alcohol, and the residue crystallised from a 
mixture of acetone and chloroform. It crystallises in short thick yellow needles, 
which decompose at 140°-150® into benzoic acid and a black residue. 

jB-nitroso-a-naphthol appears to combine with bromine, forming a dibromide, 
C*®H‘'Br*(NO).OH, which crystallises in glistening silver-white plates, melting at 146°. 
On adding /3-nitroso-a^naphthol to an alcoholic solution of aniline, long yellow needles 
of an extremely unstable body are obtained, probably a compound of the two sub- 
stances. If, however, aniline be added to a solution of the nitrosonaphthol in acetic 
acid, and the liquid be thou warmed on the warm bath, it gradually darkens in colour 
and finally becomes violet ; on then pouring it into water, a solid dark-red product 
separates. After washing this with water, and extracting first with hot dilute 
ammonia, then with hot alcohol, a residue remains, which crystallises from a mixture 
of alcohol and benzene in fine needles, exhibiting while suspended in the liquid a 
magnificent cantharidcs-liko lustre. This substance dissolves in acids forming mag- 
nificent violet-coloured solutions, from which it separates, on the addition of ammonia, 
as an orange-coloured precipitate. It has the composition and is apparently 

formed in accordance with the equation : 

2(C«H®Nfl2) + C»«H®(NO)OH = + H*0 + NH*. 

Methyl and ethyl nitrosonaphthol behave in a similar manner with aniline, and a 
precisely similar product is obtained from paratoluidine (Puchs, ibid. viii. 1022). 

Nitroso-^naphtholt C‘®ll®(NO)OII. — This compound was f?L*st obtained by Fuchs 
^ibid. 1026). According to Stenhouse a. Groves {Chem. Soc, J. xxxii. 47), the follow- 
ing is the most advantageous method of preparing it : 1 pt. of jS-naphthol is dissolved 
in 10 pts. boiling water by means of 1 pt. by measure of a solution of sodium hydrate 
of sp.gr. 1*323 (a 30 percent, solution); the liquid is then cooled and added to 
100 pts. of water. This solution is at once mixed, with constant stirring, with a 
nitriting solution prepared by pouring 2 pts. by weight of a 16 per cent, solution of 
the compound SO=(NO'^)Q,II (ibid. Mxi. 645) into 200 of water. After standing for 
twelve to twenty hours, the precipitito of crude nitroBO-3-naphthol which forms is 
collected on a linen filter and washed until the washings are no longer acid. The 
purification of this product is based on the insolubility of the barium-derivative, which 
is thrown down as a bulky green precipitate on the addition of barium chloride to a 
solution of the nitrosonaphthol in dilute alkali, and on the insolubility of the sodium- 
derivative even in comparatively dilute solutions of sodium hydrate. Sufficient water 
is added to the paste from the filter t o make it up to 35 pts. by measure ; 1 pt. of the 30 
per cent, solution of sodium hydrate diluted with 36 of water is then added, and the 
mixture agitated occasionally and filtered after standing about an hour. The clear 
filtrate is precipitated by a slight excess of a dilute solution of barium chloride — 
about 1*6 pts. of a cold saturated solution diluted with twico its weight of water — and 
the green precipitate collected on a fine cambric filter. After being thoroughly 
washed, it is suspended in about 35 pts. of water, and decomposed with hydrochloric 
acid in excess. The partially purified nitroso-compound is then washed until free from 
barium chloride, suspended in 15 pts. of water, and heated on the water bath with 
5 pts. of 30 per cent, sodium hydrate solution ; to the filtered liquid, one-tenth of 
its bulk of soda solution is then added : this causes the precipitation of the sodium 
nitroso-jS-naphthol, which is collected, pressed, and decompose by acid, the process 
of precipitation as sodium compound being repeated if necessary. 

In this way, nitroso-i3-nsiphthol is obtained in minute needles of a brilliant yellow 
colour, containing w'atcr of crystallisation, and becoming brown at a gentle heat, owing 
to loss of water. The anhydrous compound crystallises from alcohol, &c., in thin 
plates or short thick prisms of an orange-brown colour, melting at 109°*6. It is only 
slightly soluble in water, even when boiling, but dissolves rc^ily in benzene, carbon 
bisulphide, acetic acid and hot alcohol ; it is comparatively slightly soluble in light 
petroleum, even when boiling. It dissolves in cold concentrated sulphuric acid, forming 
a bright-red liquid, from which it is precipitated unaltered by water; on strongly 
heating the acid solution, the colour changes to brown, and water then no longer 
has any effect. It yields nitro-jS-naphthol and a body insolublo in dilute alkaline 
solutions on careful treatment with dilute nitric acid ; if alcohol be used instead of 
water, a somewhat different reaction appears to take place ; concentrated nitric acid 
forms tarry products. 

The ammonium and alkali metal derivatives of nitroso-jS-naphthol are crystalline 
and of a bright green colour when in a finely divided state, although the masses of 
crystals deposit^ from a hot concentrated solution appear black by refiected light. 
The alkaline earth-metal derivatives are also of various shades of green. 
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Amidonaphthols, orAmido-a-naphthol, C'®H®(NH*).OH. — ^This compound is 
formed on reduction of a-nitro-a>naphthoL To prepare it, the latter body is digested 
with tin and hydrochloric acid ; the white crystals of the tin double salt which are 
then obtained are dissolved in water; the tin separated by means of hydrogen 
sulphide ; and the solution concentrated out of contact with the air. On addition 
of hydrochloric acid to the concentrated liquid, o-amido-o-naphthol hydrochloride 
crystallises out in white needles or elongated needle-liko plates, very easily soluble in 
water. It yields almost the thooreticiil amount of a-naphthaquinono on treatment 
with a variety of oxidising agents. On the addition of bromine water, even to very 
dilute solutions, a precipitate of yellowish-white needles is formed; this contains 
both nitrogen and bromine, and probably corresponds to the compound obtained by 
Schmitt a. Bennewitz from paramidophcnol and chloride of lime (Liebermann a. 
Dittler, Liebigs Anmilen^ clxxxiii. 247). 

^-Amido-cHiapkthol, — The hydrochloride of this compound, obtained in a similar 
manner to the above from jS-nitro-a-naphthol, crystallises in broad white plates. On 
the addition of alkali and agitation with air, its aqueous solution acquires a permanent 
grass-green colour, and after a time a green scum separates, wliich dissolves in alcohol 
to form a pure grcon-coloured liquid. The o-compound, when similarly treated, first 
exhibits a dirty-green coloration, which soon passes into yellow. It furnishes a 
yellowish to green precipitate with bromine water or ferric chloride, but no naphtha- 
quinone is formed on heating (Liebermann a. Dittler). 

Nitro80-i3-naphthol appears to be converted on reduction into the corresponding 
amido-dorivative, but this has not yet been examined (comp. /3-naphthaquinone). 

Triamido-a-ni-^phtholf C*®H^(NII'“)®.OH. — This compound has not yet been 
isolated, but its sulphate and the tin double salt of its hydrochloride are known 
(Diehl a. Merz, Ber, xi. 1663). To prepare the latter, 8 pts. of the strongest 
iiydrochloric acid are poured on a mixture of 1 pt. trinitro-a-naphthol and 4 pts. 
granulated tin, and heat is then carefully applied ; a violent reaction soon takes 
place, and a clear brown solution is formed. When siiflicioiitly concentrated, this de- 
posits granules of prismatic crystals having thoformnhi C*®H\NH*Cl)®.OH,SnCRil‘() 
(Eckstrand). If the solution of this salt be freed from tin by means of hydrogen 
sulphide and then sufficiently concentrated in a current of the gas, it deposits fine 
white needles of triamidonaphthol hydrochloride, but this salt is extremely unstable, 
and rapidly undergoes oxidation even when dry. The sulphate, C’®1I\NII2)*.0H, 
H*S0*,H*0, however, is more stable; it separates on addition of sulphuric acid 
to the very concentrated warm solution of the hydrochloride on cooling in yellow 
crystalline crusts, easily soluble in water. The dry salt is moderately stable in the 
air, but its solution rapidly assum(*s a red colour on agitation with air, and is im- 
mediately reddened by ferric chloride. 

Dihydroxynaphthalcnes, C*®H®(OFr)“,— Four of those are known, viz.: 
1. a-naphthaquinol or o-naplithahydroquinone (vii. 836); 2. i3*naphthaquinol or 
i9-naphthahydroquinono ; 3. that derived from a-nitronaphthalenc-a-sulphonic acid; 
and 4. that formed by fusing iiaphthaleno-o-disulphonic acid with alkali. The last 
of these was first obtained, but in an impure state, by Dusart, and was subsequently 
examined by Darmstadtor a. Wicholhaus (vi. 867) ; tho pure substance has more 
recently been described by Ebert a, Merz. 

fi-NapMhaqiiinolt produced by the action of hydriodic acid or of sulphurous acid 
on )9-naphthj^uinone, crystidlises in colourless needles. When alcoholic solutions of 
0-naphtnaquinone and /3-naphthaquinol are mixed, water added, and tho liquid gently 
heat^, dark-coloured crystals are deposited, resembling those obtained from the cor- 
responding a-compounds under similar circumstances (Stenhouso a. Groves, Cheni. 
8oc, J. xxxii. 63). 

Dikydroxynaphthalene^ prepared by heating potassium naphthalene a-disulphonato 
with potassium hydrate at 280°-300®, crystiillisos from boiling benzene in long colour- 
less needles, melting at 186°. It sublimes with partial decomposition in brouxl toothed 
plates ; it scarcely volatilises with vapour of water. It is easily soluble in boiling 
water, and still more so in alcohol and ether ; moderately soluble in benzene, toluene, 
and chloroform, and almost insoluble in carbon bisulphide and petroleum. An alkaline 
solution darkens rapidly on exposure to the air, and an ethereal solution behaves 
similarly. Its aqueous solution is coloured red temporarily by chloride of lime and 
more permanently by nitric acid. It appears to yield isomeric nitro- and haloid- 
derivatives (Ebert a. Merz. Ber. ix. 609; Weber, ibid. x. 1233). 

According to Cleve (BuU. Soo. Chim. xxiv. 613), the amido-acid formed on reduc- 
tion of nitronaphthaleiie-o-sulphonic acid yields by Griess’s method a dihydroxy- 
naphthaleno subliming in needles which do not fuse below 220°. 
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According to Dianin {ibid, Yiii. 166), /S-dinaphthol yields the 
compound C^H”0 when distilled with phosphoric pentoxide. This body crystallises 
in long yellow needles ; it combines with a single molecular proportion of trinitrophenol. 

IHnaphthyUfi-diguiml, This compound is formed by the reduction 

of $-dinaphthyldiquinone or the corresponding quinhydrone. When the diquinone is 
allowed to stand for some time in contact with sulphurous acid solution, it becomes 
converted into a mass of colourless crystals, apparently without the quinhyd^ne 
being formed as an intermediate product. A very convenient method of preparation 
is to convert j8-naphthaquinone into the diquinhydrono by treatment with dilute sul- ' 
phuric acid, and when the mixture is cold, to add about twice its bulk of a 
saturated aqueous solution of sulphurous acid; when the whole has stood about 
twenty-four hours, the black diquinhydrone will be found to have been entirely con- 
verted into a mass of snow-white needles of the diquinol, provided the jS-naphthaquinone 
originally employed w'as quite pure ; these merely require to bo thoroughly washed to 
remove sulphuric acid, and crystallised once from dilute acetic acid to which a few drops 
of sulphurous acid solution have been added to be quite pure. 

Dinaphthyl-i8-diquinol forms colourless needles, which on drying become darkened 
from partial oxidation. It molts at 176'^-! 78°, is almost insoluble in water, moderately 
soluble in 30 per cent, acetic acid, easily in glacial acetic acid ; it is only slightly 
soluble in benzene, carbon bisulphide and other (Stenhouse a. Groves, Chem, ihc. J, 
xxxiii. 419). 

irapbtliaquliiones* Monnet, Beverdin and Ndlting xii. 2305) have 
obtained by direct oxidation of a>amidonaphthaleno (naphthylamino), 

and also in small quantity by oxidation of naphthionic acid. 1 pt. naphthylamine was 
dissolved in 6 pts. sulphuric acid and 25 pts. water, and 2*5 pts. of finely pulverised 
potassium dichromato were then added gmdually to the cooled solution ; the resulting 
dark-brown precipitate was filtered off, dried over sulphuric acid, and extracted with 
ether, and the mother-liquor also extracted with ether. In one experiment, 40 per 
cent.,, in others only 15-20 per cent., a-naphthaquinone was obtained in this way; a 
variable amount of phthalic acid and a brown substance insoluble in almost all 
solvents are also formed. a-Naphthaquinone reacts with dimothylaniline, phenol, 
and resorcinol in presence tff sulphuric acid to form coloured substances, which appear, 
however, to be of no technical value. According to Plimpton and Zincke {Ber, xii. 
1644), it readily enters into reaction with primary monamines apparently in accord- 
ance with the equation : 

2C'"H*|q| + NHm' = C'»H»(OHy + 

The compounds obtained with aniline, paratoluidine and methylaminc crystalline 
in beautiful red needles melting at 191®, 200®, and 225° respectively. 

LihrorM-a-mphthaquiThone, is produced by treating o-naphthol with 

iodine and an excess of bromine (Diehl a. Morz, U}id. x. 1066). or-Naphthol is mixed 
with double its weight of iodine and a considerable quantity of water and seven times 
its weight of bromine is then gnidually added. This mixture is heated in a 
vessel attached to a reversed condenser for several hours. The product is boiled 
with a large quantity of alcohol or acetic acid, and the crystals which separate are 
purified by recrystallisation. It may also be obtained by treating dinitro-o-naplithol 
in a similar manner ; in either case, about 50 per cent, of the theoretical amount is 
formed. * 

Dibromo-a-naphthaquinone crystallises in small granules consisting of hair-fine 
needles; when carefully heated, it sublimes with partial decomposition in yellow f 
needles, melting at ldl®*5. It is sparingly soluble in acetic acid, alcohol, benzene, / 
and ether, but readily soluble in boiling alcohol or acetic acid. 

^-Naphthaquinonv, (Stenhouse a. Groves, Chem. Soc. J. xxxii. 47, ,/ 

xxxiii. 415) — This compound is produced by oxidation of the amidonaphthol foimeid 
on reduction of nitfoso-i^naphthol. To prepare it, nitroso-jS-naphthol is first converted 
into the barium-derivative by dissolving it (2 pts.) in a mixture of about 100 pts. 
water with 2 pts. 30 per cent, sodium hydrate solution, filtering, then adding a slight , 
excess of barium chloride. The precipitate, after being collected and washed, is sus- ^ 
pended in 140 pts. water, mixed with 3 pts. ammonia solution (sp. gr. 880), and the 
liquid supersaturated with hydrogen sulphide. The vessel containing the mixture is 
then tightly corked and allowed to stahd several hours; subsequently, the precipitate 
is collected, washed with a very dilute solution of hydrogen sulphide, then addo<l to 
6 pts. of a saturated aqueous solution of sulphurous acid and 6 pts. of dilute sulphuric 
acid (1 vol. acid to 2 vols. water), the liquid filtered, and the filtrate immediately 
poured into a filtered solution of 3 pts. potassium dichromate in 20 pts. of water. 
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The quinone at once separates in slender needles of a bright orange colour. It is 
collected without delay, thoroughly washed with distilled water, and dried at the 
ordinary temperature ; thus prepared, it is pure with the exception that it contains 
traces of chromium, which, however, cannot be removed by crystallisation from any 
solvent, as it decomposes very readily. Only from 62-66 per cent of the weight of 
the nitrosonaphthol, instead of 91-9 per cent., is thus obtained, however. 

/3-naphthaquinone melts at 96®. If boiled for some time with dilute nitric acid, it 
is oxidised to plithalic acid. ^ 

NUro-^-TUjphthaquinone, C>®H'(N02)0*.— jS-Naphthaquinone dissolves readily in 
hot dilute nitric acid, and the solution on cooling deposits magnificent crimson-coloured 
needles of nitro-iS-naphthaquinono. The latter may be prepared by adding 10 pts. of 
the quinone to 60 pts. by measure of nitric acid (of sp. gr. 1*2), a^tating until a 
homogeneous paste is formed, and then plunging the fiask into boiling water for a 
few minutes; the quinone dissolves, but very shortly afterwards a mass of crystals of 
the nitro-derivative separate out. When the conversion is complete, the flask is 
coolod, and after a couple of hours the product is collected and washed ; it is then 
recrystallised from boiling benzene, and afterwards once or twice from boiling glacial 
acetic acid. From the latter solvent, it crystallises in magnificent crimson plates 
bearing a striking resemblance in point of colour and general aspect to chromic anhy- 
dride. It melts at 168®. It is insoluble in light petroleum, almost insoluble in carbon 
bisulphide, slightly soluble in ether, more so in benzene and in boiling alcohol, and 
very readily soluble in hot glacial acetic acid ; boiling with alcohol, however, appears 
to decompose it. 

DinaphthyU^-diquiniononef (Stenhouse a. Groves, Chem. Soc. J. xxxiii. 

41fi)- — When /3-naphthaquinone (1 pt.) is intimately mixed with dilute sulphuric acid 
(lO pts. by measure of 1 vol. acid to 2 vols. water) so as not to leave any part un- 
W'etted, and allowed to remain in contact therewith for twenty-four hours, it is com- 
pletely converted into its own weight of a compound which is analogous to quinhydrone, 
and in all probability has the formula ; the same change may be more 

rapidly efifected by heating the mixture at aljout 55°. The product merely requires 
thorough washing with cold water. 

Dinaphthyl-/3-diquinhydrone is an indigo-bbick powder when dry, insoluble in 
water, carbon disulphide, and light petroleum, almost insoluble in benzene, but soluble 
in glacial acetic acid. By boiling with nitric acid, or with a solution of potassium 
dichromate and sulphuric acid, it is converted into dinaphthyl-jS-diquinone, C“®11’®0‘. 
This compound is most conveniently prepared by pouring a solution of pure 
dinaphthyl-/3-diquinol, C*®I1*®(0H)\ in boiling SO per cent, acid into sufficient nitric 
acid (sp. gr. r46) to oxidi.se it. It is then precipitat ed in small lustrous prism.s of a 
brilliant orange colour. I)inaphthyl-i8-diquinone is but very slightly soluble, or 
insoluble, in all ordinary .solvents ; it is a very stable body, dissolving in .boiling 
concentrated nitric acid, and crystallising out unchanged on cooling. It is also easily 
soluble in warm concentrated sulphuric acid, and is precipitated again on dilution. 

Hydroxy-a-naphthaquinone or Naphthalic acid, C*®H®(0II)0®. — This 
compound, which is usually prepared by heating diimidonaphthol hydrochloride with 
hydrochloric acid at 120® in sealed tubes (vii. 836), is more readily prepared, 
according to Merz a. Diehl {Ber. xi. 1314) by adding the finely pulverised hydro- 
chloride little by little to a moderately coiic(;ntratcd boiling solution of sodium 
carbonate ; the product obtained on acidifying the filtered solution is sufficiently pure 
for most purposes. An insoluble dariv- coloured substance is also formed in varying 
amount according to the purity of the hydrochloride employed; It is well to operate 
quickly and on a small scale, so as to avoid access of air as much as possible ; using 
40 to 60 grams of hydrochloride, from 76 to over 80 per cent, of the theoretical 
amount is obtained. Hydroxy-o-naphthaquinone is al.so formed on heating diamido- 
o-napbt.hol with dilute hydrochloric acid at 180®. Carefully crystallised hydroxy-o- 
naptna(juinone melts at 179°. If heated with an aqueous or alcoholic solution of 
an^monia at 100°-110°, it is converted into amidonaphthaquinone (Ludwig, ihid. 
iv. 970). 

Bromohydroxy-a’fiapkthaquinone or Bromonaphthalic acid, C'"H‘‘Br(0Il)0''*, is 
produced on treatment of dibromo-o-naphthaquinone, C^®ll*Br’'0‘‘*, with a warm 
solution of sodium hydrate or with a boiling solution of sodium carbonate, and by the 
action of bromine on hydroxy-a-naphthaqui none (Diehl a. Merz, xi. 1066). It 
crystallises from hot alcohol in compsict almost golden-yellow plates, melting 
at 196'’'6. 

The potassium derivative, C*®H<BrO»K,4H'‘'0, crysbilliscs in granular masses of 
small dark-red needles, very soluble in water. The harinn derivative, (0*®H'BrO*)=*Ba, 
is obtained as an orange-coloured precipitate on the addition of barium chloride to a 
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cold solution of the potassium derivative. Other metallic salts also produce coloured 
precipitates. Bromohydroxy-ornaphthaquinone yields phthalic acid on oxidation with 
nitric acid. 


Nitrohydroxy-a-m^thaquinone or Nitronaphthalic acid, C*®H^(N0®)(0H)0*. — The 
nitration of hydroxy-o-napthaquinone presents difficulties, hut may be effected by dis- 
solving it in 10 pts. concentrated sulphuric acid and gradually adding the required 
amount of fuming nitric acid. The solution is left at rest for forty-eight hours, 
care being taken to keep it cool, and then poured into ice water. The product is 
collected, washed with ice-water, pressed and crystallised alternately from dilute 
alcohol and chloroform (Merz a. Diehl, ibid. xi. 1314). 

Nitrohydroxy-a-naphtluiquinone crystallises from hot chloroform in pale yellow 
plates or scales; from benzene it separates in largo thin plates like crystals of 
sublimed naphthalene. It is easily soluble in hot water, alcohol, and ether, sparingly 
soluble in cold benzene, chloroform, or petroleum, and not very soluble in the hot 
liquids. It melts with decomposition at 1.57° ; it also decomposes if heated for some 
time at 140°, hydrocyanic acid being one of the products. Its aqueous solution is 
entirely decomposed by prolonged boiling, hydrocyanic acid, much humus-like sub- 
stance and a considerable amount of phthalic acid being produced. It is easily 
oxidised by hot dilute nitric acid and convertal into phthalic acid. 

The potassium derivative, C'®H^O‘(NO*)(OK), crystallises in bundles of golden- 
yellow glistening needles, sparingly soluble in cold, easily in hot water. The barium 
derivative, [C*®11^0^N0‘‘).0]‘*Ba, crystallises from a hot solution in orange-red 8calc.s, 
very slightly soluble in water. The lead derivative crystallises according to circum- 
stances in one or other of two modifications differing in the amount of water of 
crystallisation and solubility ; it adheres in a remarkable mannef to lead carbonate, 
and notwithstanding its solubility is with difficulty separated from the latter by boil- 
ing water. 

Amidohydroxy-a-naphtJiagiiinone or Amidonaphthalic acid, C'®H^O'‘(NIl''*)(OH), is 
produced by reduction of the foregoing compound, either by means of tin and hydro- 
chloric acid or ammonium siilphydrato (Merz a. Diehl). It crystallises from hot 
glacial acetic aci/l or alcohol in loosely aggregated dark-brown needles, moderately 
soluble in hot glacial acetic yxid and alcohol, ' ut sparingly in cold. It dissolves in 
solutions of ammonia and ammonium carbonate, and of the hydrates and e<arbonate8 of 
the alkali-metals, forming intense blue colour^ liquids resembling an ammoniacal 
solution of a cupric salt ; its alkaline earth and heavy metal derivatives are difficultly 
soluble or insoluble. It also exhibits basic properties, solutions of its metfillic deri- 
vatives being precipitated by acetic but not by hydrochloric or sulphuric acids. 

It is readily oxidised by nitric acid and converted into phthalic acid. When 
heated for 1-1^ hours at 170°-180° with dilute hydrochloric acid, it is converted into 
dihydroxy-a-naphthaquinone, C‘®H^O*(OH)^ The latter crystallises from alcohol 
in fine red-brown needles, and from glacial acetic acid in dark-red plates ; the crystals 
exhibit a brilliant metallic lustre in sunlight. It is abundantly soluble in hot alcohol 
and glacial acetic acid, although somewhat sparingly in the cold liquids ; it is only 
slightly soluble in benzene and ether ; it may be dissolved in a largo quantity of 
water, but as the solution cools separates almost entirely in fine needles. A solution 
of the freshly precipitated substance in ammonia and alkalies has a dark violet-blue 
colour, similar to that of the higher methylated rosanilincs. If somewhat rapidly 
heated it sublimes in bundles of vermilion-red needles, but much of it undergoes 
decomposition. The metallic derivatives of dihjriroxy-o-naphthaquinone are all dark- 
coloulrcd, ahd excepting those of the alkali-metals are only slightly soluble or insoluble. 
With alumina moi^ants it dyes violet, and with iron mordants dark-blue, and the 
colour withstands washing. It communicates to silk a brownish-violet colour and 
strong metallic lustre. It is dissolved on treatment with tin and hydrochloric acid, 
and apparently converted into tctrahydroxynaphthale'ne, C*®H\OH)®. 

IHacetoxy’Ornaphthaquinonc, C'®H^0*(0G*H*0)*, produced by heating dihydroxy-o- 
naphthaquinone with an excess of acetic anhydride at about 160° for one to two hours, 
crystallises from hot dilute alcohol in small brown plates. 

L iimido- and Oximido-a-naphthol . — These compounds have been represented 
by Graebe a. Ludwig by the following formulae (vii. 841) : 


Diimido-ainaphthol. 


Oximldo-a-naphthol. 


ftappearsprobAble, however, that both are derivatives of an ‘imidoquinone,* intermediate 
in imposition between naphthoquinone and the at present unknown diimido- 
^napll^ne, so-called diimidonapthol being amido- and oximidonaphthol hydroxy- 
ic, thus : 
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\/^ 

Amldonaphthimifloqiiiuonc. 

(Diiiiiiclouuphthol) 




\/ 


llydroxynaphthim idoqulnonc. 
(Oximidonaplithol) 


The fact that the so-called diimidonaphthol unites with a single molecule of hydro- 
chloric acid, and that oximidonaphthol is precipitated as such on the addition of 
hydrochloric acid to its solution in concentrated alkali, obviously supports this view. 

Amidodiimid^a-im'phthol. — According to Diehl a. Mens, the hydrochloride of this 
compound is produced on adding a slight excess of ferric chloride to a hot solution of 
triamidonaphthol hydrochloride, C*"H^(NU*Cl)^OH. It crystallises in lustrous dark- 
green plates, moderately soluble in cold water and alcohol, very sparingly in ether and 
concentrated hydrochloric acid. Its solutions are of an intense dark-red colour, and 
colour wool a brown-red and silk a similar but somewhat redder shade. Its aqueous 
solution is decomposed on prolonged boiling, and even the dry substance is not 
permanent. 

On the addition of potassium dichromato to a solution of the hydrochloride, 
C‘"lPN'‘O.TrCl, the cliromato, C‘°ll*'N*O.H“CrO\ is thrown down as a flocculent or 
pulverulent brown-red precipitate. The platino-chloridc, (C*®ll®N*O.HCl)*PtOD, is 
precipitated on the addition of platinum chloride to a solution of the hydro- 
chloride as a da.k-brown precipitate almost insoluble in water. The amidodi- 
inii<louaphthol itself, is thrown down on the addition of alkali to a solu- 

tion of the hydrochloride in brown-red flocculi consisting of extremely fine noodles. 
It crystalliseK from hot alcohol in dark-hrown needles, abundantly soluble in hot, 
but moderately in cold alcohol, and very slightly soluble in cold benzene, other, and 
water. 

It may bo questioned whether the compound thus obtained is really an amidodi- 
imidonaphthol of the formula C*®H^(N®H®)(NH*)(OH), as Diehl a. Merz suppose, and 
whether it is not a diamidoimkloquinono, the amiao-derivative of the so-called 
diimidonaphthol of Graebe a. Ludwig. 

Amidonapbtlialeiies. ^-Amidonaphthalene or ^-Naphthylaminet 
the isomerido of ordinary a~amidonaphthalene^ or a-naphthylamine, is pro- 
duced on reduction of the bromonitronaphthalone obtained by brominating a-acct- 
aniidonaphthalone, nitrating tho resulting bromo-a-acetamidonaphthalene, converting 
the uitrobromo-compound thus produced into uitrubromonaphthylamine, and finally 
displacing the amido-group in this latter compound by hydrogen by Griess’s method 
(Liehermann a. Scheiding, Lielng^s Annalm, clxxxiii. 268). 

jS-Amidonaphrhalene volatilises in a current of steam ; it crystallises from water 
in snow-white glistening plates melting at 112°. It is readily distinguished from the 
isomeride hy failing to yield a coloration either with ferric chloride or with chromic 
acid, with bleaching powder, or alcohol containing nitrous acid and a little hydrochloric 
acid; it also has not the characteristic <xlour of a-naphthylaminc. Its aqueous 
solution exhibits a blue fluorescence, but solutions of its salts are not fluorescent. 

fi-Naphthylanimo7iium cUoride^ form& colourless plates, veiy easily 

soluble in water and alcohol, difficultly soluble in dilute hydrochloric acid. The 
platinochhride^ (C‘“H’.NH®Cl)*PtCD, forms yellow plates soluble in water. fi-Naph- 
thylammonimn sulpfuitc, (C‘“Ii^NIl*)*SO^ crystallises from hot water in colourless 
plates ; it is precipitated on tho addition of s^phuric acid to a cold dilute solution of 
the hydrochloride, and as it is much less soluble than the a-naphthylamiiie salt, 
the two isomorides may bo separated by means of their sulphates. fi-Na])Iith^lamine 
combines with trinitrophenol, forming a trinitrophenate, which crystallises in long 
yellow needlesmelting at 196°, easily soluble in alcohol. 

^‘Acetamidonaphthalene or ^•ac&ihaphthalidei C*"II^NHC*H*0, crystallises from 
water in elongated glistening plates, melting at 1 32°. 

a-Amidonaphthalene, Reactions, — If a small quantity of an alcoholic solution 
of nitrous acid bo mixed with a solution of o-naphthylamine in alcohol or glacial acetic 
acid and a little hydrochloric acid be then added, an intense violet to magenta colour* 
ation is produced if a considerable quantity of the base be present j if only a trace 
of the base bo present, the liquid acquires a rotldish colour (Liebermann). 

An extremely delicate test for nitrous acid consists in adding to the Biiipected 
solution acidulated with puro sulphuric acid, a little sulphanilic acid, and about ten 
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minutes afterwards a few drops of a colourless solution of naphthylammonium 
sulphate ; a more or less m;igenta-red colour is thus produced (Griess, Ber, xii. 426). 

o-Naphthylamine forms a crystalline compound with mercuric chloride (0. Klein, 
Ber, xi. 743). It enters into reaction with dinitrochlorobenzene, especially on warm- 
ing an alcoholic solution of the two bodies, but the product is not a well-characterised 
substance (Laubenheimer, ibid, xi. 11 58). 

When heated together in sealed tubes foi* three to four hours at 190°-220®, 
naphthylamine hydrochloride and nitronaphthalene enter into reaction in accordance 
with the equation, 2(C»®^^NI1*) -I- = NH® + 2H*0 + forming 

trinaphthylenodiamine (Salzmann a. Wichelhaus, ibid. ix. 1107). 

If tt-naphthylamine be heated with rather less than half its weight of urea at 120® 
for some hours, dinaphthylcarhamid.ej (C*®II^.NH)‘^CO, is the sole product; but mono» 
naphthylcarhamidej NH*.CO.NH.C*®H’, is also formed on heating naphthylamine 
hydrochloride with urea at 160°-170® (Pagliani, Gazs. chlm, Ual, ix. 28). 

Metkyl-a-naphthylamine, C*®H’.NH(CH*), is produced, together with dinaphthyl- 
amine, NH(C*®H’)*, on passing a current of methyl chloride gas into o-naphthyl- 
amine heated at about 150°-180® (Landshoff, Ber, xi. 638). The former boils at 
293°. It rapidly becomes dark-coloured and untransparent on exposure to the air ; 
its alcoholic solution yields a dark violet precipitate with ferric chloride. The mon- 
acetyl-derivative crystallises from water in small white prisms melting at 91°; 
altlmugh difficultly soluble in water, it separates very slowly from an aqueous solution. 

Dimethyl-a-naphthylamine, C*®H^.N(C11*)-, is produced in theoretical amount on 
heating a mixture of 1 mol. proportion of naphthylamine dissolved in methyl alcohol 
and 2 mol. proportions of methyl iodide in closed tubes at 100° durjng one day. It is 
a pale-yellow strongly refracting oil, having an odour like that of petroleum, boiling 
at 267° ; it exhibits an intense green fluorescence. On the addition of ferric chloride 
to its alcoholic solution, a violet coloration is produced, which parses into a beautiful 
violet on exposure to the air. 

THmethylnaphthylmmnonium iodide, C^®HbN(CH*)*I, formed by combining 
dimethylnaphthylamine with methyl iodide, crystallises from water in large slightly 
yellowish-green coloured needles, easily soluble in hot and cold water. At 164° it 
splits up into methyl iodide aAd dimethylnaphthylamine. It is not altered by sodium 
hydrate, but on digestion with silver hydrate is converted into the hydroxide, 
C>®H’.N(CH»)>(OH). 

Ethyl-a-napkthylamine, 0’®H’.NH(C*H*), is formed on reduction of a-thiacotamido- 
naphthalene (Bernthsen a. Trompetter, Bar, xi. 1756). 

Dinap hthy lam ine,^lI{C'^lVy . — On the addition of potassium nitrite to an 
acetic acid solution of this base, nitrosodinaphthylamine, N(C*®li^)*(NO), separates as 
a yellow oil which soon becomes solid. The product is dissolved in as little benzene 
< as possible, and the solution then precipitated with dilute alcohol. It forms a crystal- 
line powder, melting with decomposition at 260°-262° (Landshoff, Ber. xi. 641). 

(i-Tkiaceiamidonaphthalene, C’"^^NH(CS.CH*). — This body, termed by Bernthsen 
a. Trompetter acetonaphthylthiamidc, is obtained on heating the amidine 
CH*.C(NH).NH.C*®H’ (viii. 71) with carbon bisulphide for several hours at 100°. It 
crystallises in yellow'ish- white tiibular crystals, melting at 96° ; it dissolves, although 
with difficulty, in sodium hydrate solution, and is reprecipitated by hydrochloric acid. 

a-Thiobenzamidonaphtkalene, C*"1I’.NII(CS.C®I1®), prepared in a similar manner 
fiom-'the amidine, C*®HbNH.C(NH)C*H®, crystallises in yellow glistening plates 
melting at 

The amidmes^here referred to arc obtained as hydrochlorides on heating naphthyl- 
ammonium chloride with acctonitril and benzonitril respectively (see Bernthsen a. 
Trompetter). , 

Bromo-a-amidonaphtkalaie . — The acotyl-derivativo of this compound is formed on 
the addition of the calculated amount of bromine to a-acenapthalid suspended in car- 
bon bisulphide. Bromo-a-acetamidonaphtbalene, C*®H®Br.NIIC^H*0, crystallises from 
hot alcohol, in which it is easily soluble, in long concentrically grouped needles 
melting at 193°. It is less readily decomposed than acenapthalid by alkalies ; by 
boiling it, however, with a solution of 3 pts. potassium hydrate and 2 pts. water, 
bromo-a-amidxmaphihalene or hr onu>-a-naphthyl amine, C^®II®Br.NH®, is produced. 
This compound crystallises from alcohol in aggregates of brown-coloured needles, 
melting at 94°, possessing^an extremely unpleasant odour. It furnishes a very well 
crystallised hydrtxihloride and sulphate. As it may be converted into o-bromonaph- 
thalene by displacement of the amido-group by hydrogen, it is an aa-derivative of 
naphthalene (Bother, Ber, iv. 860). 

Chlor<Hiramidonaphthal^ G*®H*CLNH^. — Seidler has observed the formation of 
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this compouTid, together 'with n:iphthylamino, on reducing nitronaphthalene with tin 
and hydrochloric acid ; it appears to result from the action of the stannic chloride 
which is produced on the napthylamine, as it may bo obtained by exposing a mixture 
of these substances to the air for several weeks. The body thus produced crystallises 
in colourless odourless needles melting at 98^ ; it is sparingly soluble in benzene, and 
may therefore by means of this solvent bo separated from naphtliylamine, but easily 
soluble in alcohol and ether. Its acetal derivative, C*“H*C1.NHC'-*H®0, crystallises in 
colourless needles melting at 184®, easily soluble in alcohol and ether {JJbid. xi. 120jy. 

Nitro-oramidonapthalencs, — If a cold saturated solution of 3 pts. acenaph- 
thalide in glacial acetic acid be mixed with 1 pt. of fuming nitric acid free from nitrous 
acid and the mixture allowed to stand several hours, a crystalline mass is deposited 
and a further quantity of crystals may be separated by mixing the supernatant liquid 
with water. The product is a mixture of two isomeric nitro-a-^etamidoiiapMhalem!^^ 
C'®H®(N0‘‘).NHG'‘*H*O, which, however, are nearly of the same solubility ; on this 
account, they have not been separated in a state of purity (Andreoni a. Biedermann, 
Ber. vi. 342 ; Liebermann a. Dittler, Liebig's Annalen^ clxxxiii. 228). 

a-NUro-^-amidonaghthalenc, C’®II«(NO*).NH2. — On heating the mixture of nitro- 
acenaphthalids thus prepared with an alcoholic solution of potassium hydrate (4 pts. 
nitro-product to l-l| pt. KOH), and keeping the liquid in gentle ebullition for about 
an hour, a mixture of the corresponding nitronaphthylamines is obtained, consisting 
chiefly, however, of that melting at 164®, which is less soluble than the isomeride in 
alcohol, and may therefore be purified by repeated recrystallisation from this solvent. 
It crystallises in thin orange-coloured needles, often matted together, moderately 
soluble in alcohol and glacial acetic acid ; it possesses considerable tinctorial power 
for wool, which it colours orange-yellow. It is almost destitute of basic properties, 
for, although it dissolves more readily on warming in acids than in water, it separates 
out unchanged as the solution cools. 

When submitted to the action of nitrous acid in alcoholic solution, it yields a 
compound of the formula which is probably the nitro-derivative of so- 

called azodinaphthyldiaraine (vii. 849 ; comp. Martins, Jahresh. I860, 436). 

The diazo-derivative formed by the action of nitrous acid in presence of nitric acid, 
however, is converted into a-nitronaphthalcne on bo'ling with alcohol : hence both 
the amido- and nitro-groups occupy a- positions. 

fi-Nitro-a-amidonaphthalene, which is formed together with the foregoing, has not 
been obtained quite pure ; it very closely resembles the a-compound, but is more 
soluble, and appears to melt at about 168®. It yields a complex azo-derivative when 
submitted to the action of nitrous acid in presence of nitric acid (Liebermann a. Dittler). 

An a-nUroamidonaphthalene isomeric with the above is obtained on reduction of 
a-dinitronaphtbalono (m. p. 212°). This latter compound, however, is very readily 
converted into the corresponding diamidonaphthaicno, and specifii precautions are 
necessary in preparing the amidonitro-derivative from it. Alcohol having been poured 
over it, a couple of grams of a concentrated solution of ammonia are added, and the 
cooled liquid is then saturated with hydrogen sulphide ; when this is the case, the 
vessel is set asiilo until the odour of the gas has disappeared, and then hydrogen 
sulphide is again passed into the liquid. These operations are repeated until the flask 
has gained in weight to the extent required by the equation : 

+ 3H*S = C»®H«(N0*).NH2 + 3S + 20m 

The solution is then mixed with water, and the precipitate extracted with boiling 
dilute hydrochloric acid; the hydrochloric acid solution having been concentrated, 
ammonia is added ; the precipitate is dissolved in a large quantity of dilute sul- 
phuric ' acid ; and the crystals of the .sulphate which separate as the solution cools 
are recrystallised from water acidulated with sulphuric acid. The free base 
may be obtained by treating the sulphate with ammonia. It crystallises from 
boiling water in glistening small rod crystals, molting at 118®-119°. The sulphate, 
[C*®H"(N0*)(NID)]*IDS0^2H*0, forms long glistening needles, very difficultly 
Bolublo in cold water. o-Nitronaphthalene is obtained from this uitroamidonaptha- 
lene on displacing the amido -group by hydrogen (Beilstein a. Kuhlberg, Liebig's 
Annalm^ clxix. 87). 

xifi-Dinitro-a-amidonapJithalenc, C*®H*(NO*)*.NH2.— The acetyl-derivative of this 
compound is formed on nitration of acenaphthalide. A concentrated solution of the 
latter in glacial acetic acid is mixed with a quantity of fuming nitric acid free from 
nitrous acid equal in weight to that of the acenaphthalide employed, and the mixture 
heated for a short time on the water bath to such a temperature that a slight evolution 
of g.a8 takes place ; the crystalline product which separates on standing is then 
washed and recrystallised from alcohol or glacial acetic acid. IHnUro~aracemphth(did 
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ciystallises in long yellowish needles, melting at 247^. When boiled with a solution 
of sodium hydrate, it yields dinitro-a-naphthol, C“’H*(NO*)*.OH (m. p. 138®); but if 
heated with an alcoholic solution of ammonia for three, hours at 1 40®, 
iwphthalene is formed. The latter crystallises in lemon-yellow needles, melting at 
235® (Liebermann a. Hammorschlag, Liebig*s ^nnalm^ clxzxiii. 272). 

fi’-Nitro-Of-hrorno-a’a^ti'idonaphthalene. — To p|epare this compound, o-bromo-o-ace- 
naphthalide. C*®H®llr(NHC®H’0), is nitrated, and 10 pts. of the resulting nitro-deri- 
vative, which crystallises in long pale-yellow needles melting at 232®, are boiled for 
two days with 2 pts. of potassium hydrate dissolved in 60 pts. anhydrous alcohol. It 
crystallises in long orange-coloured needles, melting at 200® ; on oxidation with nitric 
acid, it yields phthalic acid. It is abundantly soluble in concentrated sulphuric acid ; 
after a time, colourless needles of the sulphate separate from the solution, but those are 
immediately decomposed by water (Liebermann a. Sebeiding, ihid. clxxxiii. 258). 

a-Bensamidonaphthalcnej G'®Il^NH.COC*lP, prepared by heating naphthyl- 
amine with benzoic chloride (Church), crystallises from filcohol, in which it is easily 
soluble, in glistening needles, melting at 166® (Ebell, Ber. vii. 1317 ; viii. 562). It 
yields two, if not three, isomeric mononitro-cornpounds on nitration. a-Nitro~a bcns~ 
amidomphthalenet G^®H*(NO*).NH.COC*H*, crystallises from alcohol, in which it is 
difficultly soluble, in yellowish prisms melting at 224®. When boiled with potassic 
hydrate solution, it yields o-nitro-o-naphthol (m. p. 164®). On reduction with tin 
and hydrochloric acid, this compound is converted into the corresponding amido^ 
hemamidonaphthalenet C‘®H®(NH-).NH.COC®H*. The latter crystallises from alcohol 
in needles melting at 186®. Its hydrochloride forms line colourless microscopic needles 
difficultly soluble in water and alcohol. 

fi-Nitro-ad}enzamidonaphthaleiie^ C*®H®(NO®).NII.COC®II^ crystallises in yellow 
glistening prisms, molting at 175®; it is easily soluble in hot, but difficultly in cold 
water. It differs considerably from the isomeride in its behaviour on reduction wdtli 
tin and hydrochloric acid, being converted into the hydrochloride of a base of the 
formula (so-called anhydrohenzoyldiamidonaphthalem). Probably the nitro- 

group m, in the first instance, reduced to the amido-group, the hydrogon-atonis of 
' which then unite with the oxyge.s .Mtom of the benzoyl group, forming water, thus : 

' I 

NH.CO,C‘H* NH.C.C'H* 



The base in question forms well-defined yellow crystals, melting at 2 10*^, difficultly 
soluble in water, easily in alcohol. It appears to combine directly with amyl iodide. 
The hydrochloride, G*^H'*N*G1, crystallises in colourless microscopic needles, difficultly 
soluble in water and alcohol. The nitrate, G*^lP®N’‘‘NO®, crystallises in long yellow 
needles. 

afi’DinUro-a’hcnzamidonapMhalenet G'®II*(NO*)2.NH.GOC®IP, produced on nitrat- 
ing a-benzamidonaphthalene with strong nitric acid, crystallises in small needles 
melting at 262®, difficultly soluble in alcohol, benzene, and chloroform. By recrys- 
tallisation from glacial a-cetic acid, it is converted* into dinitroacetamidonaphthalcno. 
On reduction with tin and hydrochloric acid, it is converted into diamido-o-hemamido- 
maphthalene, C«H»(Nn-‘)*.NHCOG®]P (Ebell). 

Suedmmidomphthalene. — See Hanemann {Ber. x. 1713). 

Diamidonaphthalenes. — The properties of the diamidonaphthalenes formed 
on reduction of so-called a- and i3-dinitronaphthalene have been further investigated 
and described by De Aguiar {Ber. vii. 307). 

According to Beilstein a. Kuhlberg {Liehig^s Armed, cn^ clxix. 90), there is a great 
difference in the behaviour ’of and i^initronaphthaleno with reducing agents, the 
latter being only slowly acted upon even by tin and hydrochloric acid (comp. Laden- 
burg, Ber. xi. 1651). 

kthiiddiafnidmapMhalene, isomeric with those from the two dinitronaphthalenes, 
has been obtained from a-nitro-a-acetamidonaphthalene by Liebermann a. Dittler 
{LUbi^e ArmaUn^ clxxxiii.^ 238). To prepare it, the latter compound is treated 
with tin and hydrochloric acid, the dissolved tin is removed by means of hydrogen 
sulphide, &c., and the resulting hydrochloride is boiled 

with a dilute solution of sodium hydrate ; the base then separates as a resin. From 
this product, salts maybe obtained by dissolving it in dilute acid and then precipitating 
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Ihe filtered solution with the concentrated acid. The ohloride, C“H®(NiI»Cl)* forma 
small white plates ; on mixing its solution with a dilute solution of potassium di- 
chromate or chromic acid, a green coloration is produced ; more concentrated solutions 
furnish a similarly coloured precipitate. On boiling, the colour disappears, and 
iiaphthaquinono distils over. When the diamldonaphthalenos from et- and /S-dinitro- 
naphthalene are tlius treated, not a titico of quiiiono is produced. 

orBiamidonaphthalene may be obtained by precipitating a moderately concentrated 
solution of the iodide with sodium hydrate ; a white precipitate is produced, wHfoh 
maybe purified by recrystallisation from alcohol or ether. It crystallises from alcohol, 
chloroform, and ether in glistening needles or prisms, which, as a rule, are colourless, 
and sublimes almost without decomposition in white feather- like forms. It molts at 
189*6®. It is somewhat soluble in cold, and readily soluble in hot water, and still 
more in alcohol, ether, and chloroform. The dry substance does not alter, even on 
exposure to light. On the addition of ferric chloride to water in which crystals of 
the base are suspended, a blue-violet coloration is produced, and after a time a 
similarly coloured precipitate forms. A like coloration results on adding barium 
dioxide and hydrochloric acid, or potassium nitrite and sulphuric acid, to an alcoholic 
solution ; potassium hypochlorite causes a red colouration and precipitate. 

fi-Diamidonapkthalene may be prepared in a similar manner, but a more concen- 
trated solution of the iodide should bo employed, and it is more difficult to purify : 
the precipitate is dissolved in cold strong alcohol, and the solution mixed with double 
the amount of distilled water ; the base then separates out in white needles melting 
at 66*5®. It is more soluble than the a-compound in water, but less soluble in chloro- 
form ; it dissolves in alcohol and ether in all proportions, but cannot be obtained well 
crystallised from either of these solvents. No characteristic coloration is produced 
on the addition of barium dioxide and hydrochloric acid to the alcoholic solution, the 
liquid being at most slightly blackened ; ferric chloride produces a dark chestnut- 
brown precipitate. 

Both a- and /3-diamidonaphthalene combine readily with oxalic acid. Th ; a-oxalate 
crystallises from water in thin transparent plates ; th($ jS-oxalate in white glistening 
crystals like those of potassium iodide. The latter appears readily to undergo change, 
and is said by De Aguiar to furnish a substance resembling gold in appearance and 
lustre and of groat stability, but the nature of this substance and the method of pre- 
paring it have not been dc^scribed (comp. JJer, vii. 313). 

The a-diamine is not appreciably acted upon by ethyl oxalate at 100®, but if the 
jS-diamine bo heated with 10 pts. of the oxalate in sealed tubes at 100®, a compound 
of the formula C‘ ^11**0* is produced, which crystallises from chloroform in magnificent 
rod needles like chromic anhydride ; this compound is soluble in water, alcohol, and 
benzene ; it carbonises without melting if heated to 196®. It is regarded by Do Aguiar 

.NH.CO .NH.CO 

as tthfuVmphthakntoxamide^ I ; the formula C‘“II\ | 

Nnh.co \n— C.0C»H» 

would, however, appear more probable. 

Tf o-diamidouaphthalene or one of its salts bo submitted to the action of nitrous 
acid or potassium nitrite, a brownish-black flocculent product is obtained. But if a 
solution of the sulphate of tlie jB-diamine bo mixed with a concentrated solution of a 
single molecular proportion of potassium nitrite, a voluminous rod precipitate is pro- 
duced, which may be recrystallifcpd from warm benzene, in which it is easily soluble. 
It then forms extremely fine glistening red needles. This product has the composition 
; its properties are altogether different, however, from those of the ordinary 
diazo-derivatives. It is a very stable compound in the free state, and may oven he 
partially sublimed; the sublimed substance resembles alizarin in appearance. It 
forms compounds both with acids and with bases, but they are highly unstable, and 
at once decomposed by water. Thus if the moist substance be added to a mixture of 
equal volumes of water and sulphuric acid, a dark wine-red coloured solution is 
obtained which soon deposits long needle-like crystals of the same colour ; the least 
trace of water, however, turns these crystals vermilion-red, the parent substance 
being regenerated. 

According to Ladenburg (J?er. xi. 1660), the i3-diamine alone reacts in the manner 
characteristic of orthodiamido-compounds with benzoic aldehyde. 

Hapbtbydrenegljool, (Grimaux, Compt, rend. Ixxv. 361, Ixxvi. 

676 ; Bull. Soc. CUm. [2], xviii. 206 ; xix. 396). The dichlorinated derivative of 
this alcohol is produced by prolonged boiling of naphthalene tetrachloride with water ; 
it crystallises from the concentratwi solution in brownish granules or c^stalline plates, 
but may be rendered colourless by means of animal^ charcoal. It dissolves in about 
30 pts. of boiling water, but is sparingly soluble in cold water ; alcohol and ether 
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dissolve it readily. It separates from an ethereal solution in hard prisms of con- 
siderable size, melting at 155°-166®. The diacetyl derivative, C*®H®C1*(00*H*0)*, 
crystallises from ether in plates or short prisms melting at 130°>-131°; the cor- 
responding dihemoate^ molts at 148°-150®. 

On distillation with hydrochloric acid, dichloronaphthydrene glycol furnishes a 
small amount of a monochloronaphthol, crystallising in long fine needles 

melting at 109^. If an aqueous solution be distilled with zinc-dust, o-naphthol is pro- 
duced in accordance with the equation C“‘H®C12(OH)2+ 2H = C*®H’.OH + ‘2HC1 + H*0. 
If heated with 30 pts. of water at 150® for twenty-four hours, it yields a resinous 
product, together with a crystalline substance, which is apparently a-naphthiiquinol. 
On oxidatidn with dilute nitric acid, it is converted into phthalic acid. 

iraplitbylpiirpiirlc Acid, The salts of this acid are formed in 

precisely the same manner as the corresponding isopurpurates (iii. 433) from the 
potassium salt obtained by the action of potassium cyanide on dinitronaphthol in 
alcoholic solution (Sommaruga, Bet. iv. 94): 

C>®H»(NO*)®.OH + 2H0N + H*0 = + CO* + NH®. 

They are dark golden-brown with metallic reflex ; the potassium salt is crystalline ; 
the ‘ acid’ itself cannot be isolated. On oxidation with nitric acid, they yield a 
mixture of mono- and dinitronaphthol ; when heated with potassic hydrate they form 
hemimellithic, phthalic, and benzoic acid. 

If, in preparing potassium naphthylpurpurate, aqueous solutions be employed 
instead of alcoholic, a second body, so-ctilled indophan, C-‘1I*®N^0\ is also obtained. 
To prepare this compound, about 30 grams of dinitronaphthol are &dded to about 2 
litres of water, and sufficient ammonia mixed with the boiling liquid to dissolve the 
dinitronaphthol. A hot concentrated solution of 45 grams pure potassium cyanide is 
then added. The reaction is complete within about ten minutes. The whole is then 
placed on a good filter, and the solid residue washed with boiling water until the 
liquid runs through colourless. The product is a mixture of indophan with its potas- 
sium derivative. After further prolonged washing with boiling water, it is removed 
from the filter and 'heated with very dilute hydrochloric acid, again filtered and 
washed until the filtrate no longer contains chlorine. If it be desired to prepare the 
potassium derivative, the crude product is heated with potassic hydrate solution, 
ffitered, and then washed until freed from alkali. 

Indophan is a violet-coloured powder with a green metallic lustre. It is insoluble 
in the o^inary solvents, but moderately soluble in sulphuric or warm glacial acetic 
acid ; it does not crystallise from these solutions, however ; and, unlike indigo, cannot 
bo sublimed. It is oxidised by nitric acid, but cannot be reduced by ferrous sulphate 
and lime. It yields the same products as uaphthylpurpiiric acid on fusion with potassic 
hydrate. The potassium aud sodium derivatives, which closely resemble indigo in 
outward appearance, contain only a single atom of metal. 

Constitution of Nafuthalenk and its Debivatives. 

The adaptability of the formula originally proposed for naphthalene by Erlenmoyer 
in 1866 [Liebig's Annalen, cxxxvii. 346), but first established on the basis of experi- 
mental evidence by Graebe in 1869 (yi. 212), has been entirely confirmed by all recent 
researches (comp. Ladenburg, Ber. vii. 1137). Wrerlen, however, has proposed [Md, 
ix. 590) the following as a substitute for the Erlenmeycr-Graebe formula ; 


H 

C 



H 


but there does not appear to be the slightest experimental evidence to justify the use 
of this symbol. « 

In discussing the constitution of the naphthalene derivatives, it is convenient, as 
in the case of the benzene derivatives, to disregard the mode of union of the carbon 
atoms, and merely to employ a double hexagon as the symbol of naphthalene, number- 
ing the 'positions ’ in the one hexagon 1, 2, 3, and 4, and the corresponding • positions 
in the other hexagon 1', 2', 3', and 4', thus : 
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The data as jet accumulated arc not sufficient to furnish a complete solution §i 
the problem of the constitution of the naphthalene derivatives, but they are sufficient 
for die preliminary discussion of the problem and well worthy of consideration in 
detail. 

On reference to the naphthalene symbol, it will be obvious that two, but only two, 
mono-derivatives are possible, viz. : one formed by the displacement of the hydrogen 
atoms in the positions 1,4, T or 4', the other formed by the displacement of those in 
the positions 2, 3, 2' or Also that two, but only two, ‘ symmetrical ’ di-derivatives 
are possible, in which the positions 1 : 4' (= I' : 4) or 2 : 3' ( = 2' : 3) are occupied ; 
in like manner, there may be two symmetrical tetra-derivatives. 

The two isomeric (a and /3) naphthalenesulphonic acids, formed simultaneously by 
the action of sulphuric acid on naphthalene, are respectively representative of these 
two kinds of mono-derivatives. 

Ordinary uitronaphthalene and the amidonaphthalene (naphthylamine) derived 
from it, o-naphthol, a-cyanonaphthalene, the bromonaphthalene formed by the direct 
action of bromine on naphthalene and o-naphthoic or naphthalene-a-carboxylic acid 
are all to be regarded as members of the same series of mono-derivatives as the so- 
called naphthaleue-a-sulpl ionic acid : since a-naphthol is obtained by directly displacing 
the Bulpho-group in this acid by the group OH ; since a-naphthol may be formed by 
Griess's method from amidonaphthalene (naphthylamine) ; and since naphthalene-a- 
carboxylic acid may bo obtained on the one hand from the cyanonaphthalene derived 
from the a-sul phonic acid, and on the other from ordinary bromonaphthalono by the 
combined action of sodium and ethyl chloroformato, Cl.COOCHI* (Eghis). Orfimary 
chloronaphthalone is doubtless also an o-derivative, as it corresponds in all participant 
to ordinary bromonaphthalene. 

Naphthaleno-i3-sulphonic acid is the only ^-derivative as yet obtained by a direct 
process from naphthalene. To it correspond i8-naphthol, i8-cyanonaphthalene, naph- 
thalene-i3-carboxylic acid, jS-naphthylamine, and the chloro- and bromonaphthalene 
formed f^rom this latter by Griess’s method. 

The positions 1,4, 1' and 4' in the naphthalene symbol are to be regarded as 
a-positions, i.e. it is by the displacement of a hydrogen atom in one of these positions 
that the a-mono-derivatives are formed, and the positions 2, 3, 2' and 3' are to be 
regarded as /3-positions. The evidence on which these two propositions are based is 
briefly as follows : 

Supposing any di-derivative of naphthalene in which both the radicles substituted 
for hydrogen are in the same hexagon^ and in which both radicles are either in a-posi- 
tions or in i3-positions, be taken and the relative positions of these two radicles be 
determined, then, if the two radicles be found to occupy the relative positions 1 : 2, it 
follows that the hydrogen atom in the positions marked 2 and 3 in the above symbol have 
been displaced ; while if they occupy the relative positions 1 : 4, those marked 1 and 
4 in the symbol have been displaced. Now Liebermann a. Dittler have shown 
(IMig's Annalen, clxxxiii. 228) ,;hat by nitrating acotamidonaphthalene (acenaph- 
thalid), C^®IP.NII(C’*II’0), prepared from ordinary or a-amidonaphthalene, then 
converting the acetamidonitronaphthalene, which is the chief product of the reaction 
(comp. p. 1371), into amidonitronaphthalene, and displacing the amido-group in this 
latter by hydrogen by Griess’s method, a nitronaphthalene is obtained in all respects 
identical with ordinary or a-nitronaphthalene ; in other words, both radicles in the 
acetamidonitronaphthalene in question occupy a-positions. By reducing the same 
acetamidonitronaphthalene, then converting the resulting acetamidoamidonaphthalene 
into diamidonaphthalene, G^®H®(NH^)^ and oxidising this latter, naphthaquinone, 
G'®H'^0^), is produced : hence each of the oxygen-atoms in naphthaquinone is in the 
a-position, and as naphthaquinone yields phthalic acid on oxidation, the substituting 
radicles in the various derivatives referred to are in the one hexagon. There can be 
little doubt, from the complete similarity of their properties, that naphthaquinone 
and benzoquinone are similarly constituted : and since it has been shown that the 
oxygen-atoms in the latter occupy relatii^ely the positions 1 : 4, it is in the highest 
degree probable that naphthoquinone is also a 1 : 4 derivative. If this deduction bo 
accepted, it necessarily follows that the positions 1, 4 and also those marked 1' 4' in 
the naphthalene symbol are a-positions ; and therefore that the positions 2, 3 and 2' 3' 
are /3-positions, thus : 
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But, as Revordin a. Nolting have pointed out (Ber. xiii. 36), the force of this argument 
is somewhat diminished by the fact that two naphthaquinones are known. The 
following argument which those chemists have brought forward is, however, perfectly 
conclusive. Obviously only two isomeric nitrophthalic acids are possible, viz. : 

NO* 



Two such acids have actually been prepared, both being formed on nitration of 
phthalic acid (Miller, Ber. xi. 1191); they melt respectively at 212® and 165®. 
Now, Miller has shown that the modification which molts at 165® is convertible 
into a hydroxyphthalic acid which Schall htis proved to have the constitution 
OH : COOH : COOH- 1 : 3 : 4 ; hence it follows that the nitrophthalic acid melting 
at 212® is represented by fig. I., and that melting at 165° by fig. H., and since the 
former may be obtained by oxidation of nitronaphthalone (Bciistein a. Kurbatow, 
Ber. xii. 688), which is an a-derivative, it follows that the a-position in the symbol 
of naphthalene is the position next the carbon atom common to the two hexagons. 

Constitution of the Haloid-derivatives of Naphthalene, Chloromphthaleim . — The 
dichloronaphthalene melting at 68® (so-called jS), obtained from naphthalene totra- 
chloi?.d3i undoubtedly contains both chlorine atoms in the same C*-group in tlie relative 
positions 1 : 4, since it may bo obtained from a>nitro*a>naphthol and yields a dichloro- 
phthalic acid on oxidation. The isomeric dichloronaphthalene (ni. p. 35®, so-called a-) 
obtained from tlie same tetrachloride, is perhaps the 0-1 : 3 modification, for, from 
the general behaviour of naphthalene, it might bo expected that this modification, 
rather than the isomeric 0-2 : 3 dichloronaphthalene, would be formed by the 
removal of the elements of two molecules of hydrogen chloride from the tetrachloride, 
which it is obvious may furnish throe dichloronaphthalenes. If, however, the dibro- 
monaphthidone obtained by Mcldola is isomeric with that of John, it is more proba- 
ble that it is the 0—2 : 3 modification: 


na a a 



Naphthalene 0-1 : 4 03) Dichloro- 0- 1 : .^ (? o) Dichloro- 0-2 : 3 Dichloro- 

tetrochloride. naphthalene, naphthalene. naphthalene. 


The dichloronaphthalene molting at 107® (so-cjilled 7) is shown, by its behaviour 
on oxidation, to contain the chlorine atoms in different C®-groups ; both chlorine-atoms, 
however, are in a-positions, since it may be obtained both from nitronaphthalcne-a- 
sulphonic acid and from o-nitronaphthalenesulphouic acid. Both jS- and 7-dichloro- 
naphthalene, however, may be converted into so-called 8-trichloronaphthalene by 
distilling their mono-nitro-derivativos with PCI® ; and hence it follows that the three 
chlorine-atoms in 6-trichloronaphthalene are all in o-positions. But 8-trichloronaph- 
thalene is also obtained on treatment of jS-dinitronaphthalene with POP, so that 
indirectly it maybe said tobe formed by further chlorination of C-dichloronaphthalene 
(m. p. 83®), as this latter is product on simply displacing the nitro-mups in 
j3-dinitronaphthalene by chlorine ; hence ^-dichloronaphthalene is also an aa-derivative 
(Atterbeig). But if iS-dichloronaphthalene be the 0-1 : 4 modification, y-dichloro- 
01 Cl Cl 01 Cl Cl 

3-Trlchloronaphthalene. ^•DlchloronaphtbnJenc. y- and ^-DichloTonaphthBlene. 
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naphthalene must be the 1—4', and ^-dichloronaphthalene the 1 - 1 ' modification, or 
vice versd. 

It is most probable that the 7 'modification is the 1 — 4' compound, as it is derived 
from the diiiitronaphthalone which is the chief product of the action of nitric acid ou 
naphthalene, it being apparently the tendency in the naphthalene series for the more 
symmetrically constituted compound {i.e. tho more symmetrical as far as the symbol is 
concerned) to bo formed in preference. The difference in the behaviour of tho,^ 
diamidonaphthalenos obtained from o- and iS-dinitronaphthalone also lends to support 
this conclusion. 

The above conclusions derive, further support from tho following considerations. 
By submitting nitro-y-dichloronaphthalcne to reduction, an araidochloronaphthalene 
is obtained which necessarily corresponds either to jS- or C-dichloronaphthalone, since 
the nitro-dorivativo in question is convertible into 8 -lriclilorouaphtlmlono. It is 
isomeric, however, with tho amidochloronaphthalene (m. p. 85*^) which corresponds to 
the former, and therefore corresponds to the latter, which may, in fiict, actually be 
obtained from it by Griess’s method (Attcrberg). 

The existence of three dichloronaphthalenes having their chlorine-atoms all in 
a-positdons is also a proof of tho existence of four o-positions in naphthalene. Chlorine 
and the iiitro-group respectively occupy the Siiine position in cldoronaphthalcne and 
nitronaphthalone, since the latter may bo directly converted into tho former by dis- 
placement of the NO“-gr()up by Cl. But, on tlie one hand, chloronaplithaleno yields 
a nitro-derivative which is directly convertible into i3-clichloronaphthalene. Nitro- 
naphthalene, on tho other hand, is convertible into two isomeric dinitronaphthalcnes, 
corresponding re.spoctivcly to 7 - and C-dichloronaphthaleno. Hence P 7 - and C- 
dichloroniiphthaleiio each contain an atom of chlorine in tho same position as the NO* 
group in uitronaphthalcnc ; but tho second chlorine-atom must occupy a different 
position in each relatively to tho first, ot:hcr\viso tlioy would not be isomeric : con- 
sequently there must bo at least four o-positioiis in naphthalene (Atterborg). 

The constitution of tho remaining dichloronaphthalonos cannot at present be con- 
jectured with any groat degree of certainty. The n-modification (m. p. 48 ’) is nv.*t 
improbably a 2 — 1' or 2—4' derivative, as it is derived from naplit.lialenc-/3-sulphonic 
acid, and it is probable from tho behaviour of the o-sulphonic acid ou nitration that 
tho nitro-group in the nitro- 8 -sulphonic acid occupies an a-position in tho C®-group 
which is not occupied by tlie sulpho-group. 

8 - and €-dichloronapIithalenos, which are derived from the isomeric naphthalono- 
disulphonic acids, are probably, one or both, iSjS-derivatives. Both probably are 
derived from tho j3-mouosulplionic acid ; but supposing this to be the case, and that 
the /3-disulphonic acid conlaiss both sulpho-groups in jS-positions, there are still three 
formulae which may be applied to it, riz. : 



I. II. III. 


According to Ebert a. Morz, the naptholsulphonic acid formed on fusing the /S-disulpho- 
nate with pohissium hydrate is identical with that produced from /S-naphtliol and sul- 
phuric acid ; if this bo the case, ttic firi4 of the above formulae would appear to bo the 
most probable, for as the act ion of sulphuric acid and bromine on the phenols is similar in 
so far as the constitution of tho resulting compounds is concerneil, as S-naphtliol yields 
a bromo-dorivativc in which both bromine and the OH-group arc in tho same C“- 
group (Smith), it is probable that the sulpho-acid derived from i9-naphthol would 
contain both tho OH- and the sulpho-group in the same C*-group. If, however, tho 
i3-disulpho acid were thus constituted, the dicarboxylic acid derived from it should 
bo identical with naphthopthalic acid, G'®H*(COOH)*, which is not tho oaso.^ It is 
therefore a question whether the naphtholsulphonic acid from the j9-disul phonic acid 
and that from /8-naplithol are identical, as Ebert a. Merz have stated, or whether 
isomeric change does not take place in some of tho reactions above referred to. Tho 
fact that it is the CI®-group which does not contain tho sulpho-group that is attacked 
when naphthaleue-a- and /S-sulphonic chlorides are submitted to tho action of chlorine, 
or when naphthalone-a-sulphonic acid is treated with nitric acid, renders it probable 
that the naphthalcnedisulphonic acids also conttiin the suiplio-groups in distinct 
hexagons, and such a conolusion would appear to harmonise well with their general 
behaviour and that of tho compounds derived from them. On this assumption, the 
second and third of tho formulae given above are tho most probable expressions of the 
constitution of the o- and /8-disulphonic acids respectively. 

VoL. VUI. 4 U 



.1378 NAPHTHALENE-DERIVATIVES, CONSTITUTION OP. 


o-Trichloronaphthalene is perhaps the 0—1 : 2 : 4 modification, as it yields a 
nitpotrichlorophthalic acid^ on oxidation with nitric acid (Widmanu), 8 -Trichloro- 
naphthalene, as already pointed out, is a 1:4 — 1 ' derivative. / 8 - and 7 -Trichloro- 
naphthalene are probably both derived from the same nitronaphthalene tetrachloride, 
and, supposing this to be the case, there are only two formulae which can be assigned 
to them, since the third modification which can bo formed from such a tetrachloride is 
a body of the formula of S-trichloronaphthalene, thus : 


nci NO* 



Nitronaphthalene 

tetrachloride. 




fi-Trichloronaphthalone. 


Cl Cl 

|/\A 

“\A/ 


The iB-compound is not improbably the 1 — 1 ' : 3, and the 7 -compound the 1 — 2' ; 3' 
modification. C-Trichloronaphthalene being formed by a reaction similar to that by 
which the T^compound is produced, excepting that the jS- instead of the a-sulphonic 
chloride is employed, may bo regarded as the 2—2' : 3' modification. 

From the manner in which they are formed, and from their behaviour with nitric 
acid, it may be suggested as more or less probable that the remaining chloronaphtha- 
lenes are bodies of the following constitution : , 


o-Tctrachloronaphthalene, m, 

ft t 


P- 


7 If 


o-Fentachloronaphthalcno, „ 

fi II II 


1 : 4 - 2' : 3' 

1 - 2' : 3' : 4' 

1 : 4 - r : 3' 

1 - 1 ' : 2 ' : 4' 

1 : 4 - 1' : 4' 

1 - 1' : 2' : 3' : 4 ' 
i : 4 - 1' : 2' : 4' 


Bromonaphthalenes. — It is to be supposed that these correspond in constitution with 
the chloronaphthalenes prepared by similar methods. According to Guarcschi, how- 
ever (Gaze. chim. ital. vii. 24), the dibromonaphthaleno melting at 81° (that termed 
/ 3 -dibromonaphthaleno by Jolin) yields a bromophthalic acid on oxidation with nitric 
acid, and Meldola finds that the same acid is obtained by reducing the mononitro- 
derivativo of the dibromonaphthalone in question and oxidising the product {Ber, 
xii. 1963). This result, as tlie latter points out, appears to indicate that the bromine- 
atoms in ;B-dibromonaphthalene are not both in the samo C“-group. Its production 
from nitro-o-bromonaphthalene and from a-bromonaphthalenesulphonic acid, and the 
fact that the latter acid is converted into /3-dichloronaphthalono when distilled with 
PCF (Jolin), seem, however, to negative this assumption. 

Bitronaphthalenes and NitroMn'onaphihalme8.—T)\Q conversion of the two 
dinitronaphthalenes produced by nitration of naphthalene into 7 - and C-dichloro- 
naphthaleno would appear to indicate that the so-called a-compound is tho 1 — 4 ', and 
the i 3 -compound the 1 — 1 ' modificition. Tho third isomeride obtained by Liebermann 
a. Hammorschlag is undoubtedly tho 0 — 1 : 3 modification. 

The constitution of the nitrochloronaphthalenes may bo inferred from that of tho 
chloronaphthalenes inbj which they are converted on distillation with POP, of course 
only in so far as these latter are bodies of known constitution. 

Constitution of the a-Napkthol and a-Naphlhyhimine derivatives. — Tho researches 
of Liebermann and his pupils more especially leave no doubt that these compounds 
behave as the corresponding mono-derivutive.s of benzene, phenol and aniline. Thus 
both furnish two isomeric mono-derivatives, that produced in largest amount being 
formed by the displacement of an atom of hydrogen in tho para-position relatively to 
tho OH OP NH* group (or rather to the NH.C’‘'H®0 group, since in most cases aco- 
naphthalid and not naphthylamine is employed) ; and although it has not yet been 
directly proved, it can scarcely be doubted, that the isomeride which is formed at the 
same time contains the displacing Piwlicle in the ortho-position relatively to the OH 
or NH* group. Both of these mono-d,erivatives furnish the same di-derivative when 
further acted upon, but' the remaining hydrogen-atom, occupying the meta-position, 
resists displacement, and under what may bo termed ordinary conditions di-derivatives 
only are obtained. 

At present nothing is known of the laws which govern substitution in the case of 
tho ^-mono-derivatives of naphthalene. H, £. A, 
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STAPBTBTftAMZlfBS. See ^Mapbthalbnbs, Amido- (p. 1369). 

BAPBTBTZi-BBTOBliS. See Kktonhs (p. 1156). 

BABCBZBII, C**H“NO» This base dissolves sparingly in water, very easily 
in potash and in ammonia, and crystallises from aqueous solution with 2 mol. 
water, which are easily ^ven off at 100®. At 140° another molecule of water is 
evolved, and the fused residue dissolves with moderate facility in dilute hydrochloric 
acid, fonning a solution from which ammonia throws down amorphous flocks. Th# 
reaction, which takes place according to the equation = H*0 + C”H”NO®, 

yields probably four, and certainly three, products, of which all but one (i.e. three or 
two respectively) are amorphous and basic ; the remaining substance, especially in 
alcoholic solution, gives a splendid blue colour with ferric chloride, but does not con- 
sist of gallic acid (0, Hesse, Chem. Ges. Her. vii. 105). 

Narceine, treated with zinc and Irydrochhric acid^ is converted into a base, 
C^lt^NO®, or which is amorphous, and forms amorphous salts (Beckett a. 

Wright, Chem. Soc. J. xxviii. 629). 

Acetic anhydride appears to exert a dehydrating action on narceine. In two 
experiments, in which a distinct odour of nitrous acid was perceived and red fumes 
w'ere given off, two bases soluble in ether were produced, one crystallised, 
the other amorphous, (PH'^NO* (Beckett a. Wright). 

When narceine is heated to 140°-150® for fifteen to twenty hours with water in a 
sealed tube, it chars and becomes decomposed, but does not form either meconin, 
opianic acid, or hemipinic acid, or any solid base soluble in ether ; a trace of methyl- 
amino is however produced. 

Narceine, oxidised by potassium dichromate and sulphuric acid^ gives off carlx>n 
dioxide, and yields about 10 p. c. of hemipinic acid and mothylamino ; with ferric 
chloride^ considerable quantities of hemipinic but no opianic acid. Ifomipiuic acid is 
also produced, though in smaller quantity, by tlio action of sulphuric acid and man- 
ganese dioxide, or of potassium permanganate, on the aqueous solution of narceine. 

Dilute solutions of potassium hydroxide and potassium carbonate act on nar^pine 
in such a manner as to form ammonia and trimethylamiue, but no pyridire^^ 
allied volatile bases ; also small quantities of an acid which is easily soluble in other 
and in hot alcohol, sparingly soluble in w'ater, an<l forms omall white crystals melting 
at 210®. This acid has approximately the composition C-*H**NO*, and its formation 
from narceine may be represented by the equation C*‘*l£‘®NO®—lPO — 2H* - C®*H*®NO*. 
By fusion with pobish, it yields an acid exhibiting all the reactions of protocatechu ic 
acid, which latter is also formed, and in considerable quantity, when narceine is 
heated to 230®-240® with potassium hydroxide, mothylnormoconin being formed 
as an intermediate product. 

These results lead to the representation of narceine by the formula : 
(C»H»NO').CO.Cffjg|c^j. 

differing from that of oxynarcotine (p. 1383) only in the character of its nitrogenous 
radicle. 

Hydrochlorides (A. Petit, Bull, Soc, Chim, [2], xviii. 534). — Narceine hydro- 
chloride, as met with in commerce, contains a variable quantity of hydrochloric acid 
associated with the base. AVhen narceine is dissolved in excess of acid, and the whole 
evaporated to dryness, the hydrochloric acid retained is smaller in quantity the longer 
the evaporation has been continued ; If the base is dissolved in just sufficient acid, 
the solution does not deposit crystals if more water than 50 parts to 1_ of narceine be 
present ; with 25 to 1, crystals are deposited, the formula of which is 2(N.IICl).5lDO ; * 
if 1 part of narceine be dissolved in 70 parts of dilute acid containing 3 grams to the 
litre mixed with 30 of water, crystals form on cooling, which have the composition 
fiS'.HCl; whilst if 30 of this acid and 70 of water be employed, the crystals are 
lOH’.IICl. This latter product is also obtained by the action of water on either of 
the hydrochlorides, 2(iJ.HCl).6H*0, or S^R.HCl. 

Narceine dissolves in 769 parts of water 
5 + HCl „ 277 

N + 2HC1 150 „ 

ft + 3HC1 „ 130 

S + 4Ha „ f,0 „ 

Wright [Chem. Soc. J. xxvii. 109) finds that narceine hydrochloride, obtained 
from a solution containing 8 to 10 mols. hydrochloric acid to 1 mol. narceine, which 

• fi = C"fl"NO*. 

4u2 
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gives off water of crystallisation when heated to 100°, but recovers it over eulphuric 
a^iAi^contains altogether a proportion of water larger than that assigned to it by 
^eii|(JJH20a8'26 p. c., and 3^0 = 9*75 p. c.) By cooling a solution of fi.HCl in 
60 ptsi" water, a crystalline salt, Oi^’.HCl, was obtained, which, when treated with cold 
water, finally retained 0*76 p. c. chlorine, answering to Petit’s compound lOff.HCl, 
this quantity, however, being reduced by further digestion to 0*4 p. c. The last portion 
of chlorine could not be removed, even by precipitation with alkali and repeated crys- 
tallisation. When, however, narceine hydrochloride was boiled with strong hydro- 
chloric acid, no compound was formed analogous to chlorocodide (vi. 480), but- 
according to the equation G‘-®H'‘®“NO®.HCl = H*0 + C**IP'NO®.HCl, — the hydrochloride 
of a new base, which is amorphous, slightly soluble in ether, easily in alkalis and 
alkaline carbonates. Its salts give with ferric chloride a dark blue-violet colour, 
afterwards turning brownish, and with potassium chromate and sulphuric acid, a 
reddish-violet colour. 

Sulphates (Beckett a. AVright, he. cit ) — The small quantity of chlorine which 
adheres so obstinately to narceine precipitated from the hydrochloride, is completely 
removed by solution in hot dilute sulphuric acid (8-10 p. c.) and repeated crystallisa- 
tion of the resulting sulphate. The crystals thus purified, then drenched with fifty 
times their volume of water, and washed with alcohol and ether, have the composition 
7G‘®H“NO®.4 SO^H*-h lOH-^O. Tliis salt crystallised from a warm mixture of sulphuric 
acid and water in equal volumes, yields ciystals having the composition of a bibasic 
sulphate ; and by repeatedly crystallising the first-descrioed salt from a large quantity 
of water, products more and more basic are obtained containing 3, 4, and 6 mols. 
narceine to 1 mol. SO^JP. The narceire sulphates arc distingui/shed from the hydro- 
chlorides— which they otherwise closely resemble — by the fact that they are completely 
decomposed by solution of sodium carbonate, and yield the free base perfectly pure. 

Narceine Ethiodide, G**Jr'®NO®.G*H^I, prepared like the corresponding mor- 
phine and narcotine-compounds, maybe obtoined by evaporating the product to dryness 
a^dvdisBOlving the amorphous residue in absolute alcohol, in granular crystals, which, 
?i/nen dried at 100°, have the composition G'-®H''®NO®.G*H*I. The mother-liquor, though 
no longer crystallisable, has the same composition. By exposure to air and light, the 
compound is ultimately converted into a blue substance resembling iodide of starch. 
From solution in ten times its volume of boiling alcohol of 90 p. c., the ethiodide 
separates on cooling quite unaltered, and in combination with 2 mols. water of crys- 
tallisation. Treated in alcoholic solution with moist silver oxide, it yields an alkaline 
liquid having the composition G^II**NO*.C-H*OH, which howeverdecomposes partially, 
oven on spontaneous evaporation, into narceine and alcohol. A platinum salt prepared 
from it showed an amount of platinum approaching very nearly to that of the platino- 
chloride of narceine. 

On the whole, therefore, it seems that while narceine ethiodide is more stable than 
the salts of narceine with inorganic acids, tho addition-derivatives of narceine, as a 
class, seem to be marked by a tendency to break up into narceine and the additive- 
substance employed. An analogous behaviour is also characteristic of narcotine; 
indeed it is probable that there is some con.stitutional similarity between these two 
bases, as each of them may bo made to yield derivatives of protocatechuic acid 
(Beckett a. Wright, Chem. Soc. J, xxviii. 703). 

VASCOTZITfi, G^-II^NO’. Narcotino heated on tho water-bath with excess of 
dilute sulphuric acid (equal volumes of 11*0 ayd IRSO^) is converted into dimethy 1- 
nornarcotine (vi. 863), according to the equation 

^ c->n*«NO' + (GIP)HSO«. 

The mcthylsulphuric acid formed at tho same time is further resolved into sulphuric 
acid and methyl alcohol. The reaction takes place exactly in the manner above 
represented, if tho heating bo interrupted as soon tis the mass becomes flesh-coloured. 
By further heating, a second, and perhaps also a third atom of methyl may be removed 
from the narcotine, but the product is always impure (Armstrong, Chem, Soo. J, 
xxiv. 66). 

On the action of hydrogen sulphide on narcotine in alcoholic solution, see 
Alkaloids (p. 56). 

Hydrochloride ofNarcotine^ like tho corresponding narceine salt (p. 1379), becomes 
more basic the oftener it is recrystallised from hot water, the salts 6C”H’**NOMICl, 
7C”H“N0’.HC1, and 8(}**H**NO^.HCl, being formed in succession (Beckett a. Wright, 
Chem, Soc, J, Kxix. 164). 
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Oxidation-^roducts of Narcotine, 

Cotarnlnei C*®H**NO*, and Bydroootarniney C**H*®NO* (Beckett a. Wright, 
Chem, 8oc. J. 1876, 673-685 ; 1876, i. 164-174, 281-309, and 461-474). Cotarnino 
prepared by oxidising narcotine vith sulphuric acid and manganese dioxide, melted at^ 
120®, and when crystallised from benzene was found to have exactly the composition 
C^*H**N0*.H‘'*0, the molecule of water not being separable without simultaneous de- 
composition of the base. The platinoc?doride, (C^‘‘^H**NO*.HCl)''*PtCl^, may however 
bo obtained anhydrous by prolonged desiccation over sulphuric acid. 

Hydrocotar nine, first obtained by Hesse from the mothor-Uquors of the pre- 
paration of morphine by the Robertson-Gregory process (vii. 876), is also formed by 
the action of granulated zinc on cotarnine dissolved in dilute hydrochloric acid, the 
reaction being continued for several days, and the liquid all the time being kept 
slightly acid. The hydrocotarnine may then be separated by addition of excess of 
ammonia, and agitation with ether, from which it crystallises in prisms often an fcJi 
long. It dissolves easily also in alcohol and in benzene ; melts at 66® when pure, at 
lower temperatures when impure (50" according to Hesse) ; gives off water of crystal- 
lisation at 60®, and then does not solidify till after some time. The base prepared as 
above gave with sulphuric acid the dirty reil-violet coloration described by Hesse. Its 
solution in hydrochloric acid yielded on evaporation over sulphuric acid crystalshaving 
the composition C*‘H**N0*.HC1 + H‘“0. Hesse found IJIPO, probably because the 
last portions of water are somewhat obstinately retained, and can be driven off only by 
reducing the salt to fine powder and loiiving it to stand for some time. 

Hydrocotamine may bo prepared from all the solutions obtained in the purification 
of cofciruine, and directly from the crude coterni no-solution filtered from the crystals 
of opianic .acid formed at the same time. It is also formed, to the amount of 2 to 5 
per cent., in the oxidation of narcotine : hence Bocki tt a. Wright ri'gnrd it as an 
original product of the decomposition of narcotino, wdiich is for the most part evn- 
verlcd, by further oxidation, bito cotsirnine. It may in fact be converted into cotarnino 
by the action of ferric chloride, of pot^issiura dichromatff and sulphuric acid, or of 
manganese dioxide and sulphuric acid, the cotamine obtained with the first of those 
reagents being very nearly pure. 

Narcotino troatod with siito and dilute h/drochloric acid is completely converted 
into hydrocotarnine (m. p. 64°*5) .and meconin, without .any formation of ophinic 
acid. Narcotino hc<ated to boiling with a quantity of haryta-water sufficient to form a 
clear solution, gave off mcthylamine, and the solution was found to contain meconin, 
but no cotarnino, hydrocotarnine, or opianic acid. When narcotino was heated with 
water in scaled tubes to 140"-160®, hydrocotarnine in small quantity could be detected 
if the heating had been continued only for 6 or 7 hours, but not a trace when the heating 
was prolonged for 21 to 28 hours. In the latter case 20 per cent, of meconin was 
obtained, and a smaller quantity after heating for a shorter time. 

From these results Beckett a. Wright infer that the older equations 
C«H2>NO^ = C'»H*«0< + C*2H**NOs 

Norcotlne. Meconin. Cotarnine. 

+ 0* = 2C*®H'®0» 

Meconin. Opianic acid. 

do not explain with sufficient simplicity the facts hitherto known, but th.ot a much 
more satisfactory explanation is afforded by the equations proposed by Hesse, viz. : 

C2*H*»NO^ + H*0 =» C'®H>®0* + C*=H**NO* 

Narcotino. Opianic acid. Hydrocotarnine. 

2C12H*»N0« + 0* * 2H20 + 2C>’‘‘H»NO». 

Hydrocotarnine. Cotarnino. 

The fact that Anderson, by acting on narcotine with nitric acid, obtained meconin, 
may be reconciled with the results above stated, if it be supposed that the meconin 
was formed from opianic acid, a reaction indeed actually observed by Matthiessen a. 
Foster : 

2C'®H*®0» = C»®ff®0* + C*®H*®0® 

Opianic Meconin. Hemipinio 

acid. acid. 

Hydrocotarnine Ethiodide, C**H»®NO* C^HH, is formed by heating hydrocotarnine 
to 100® with excess of ethyl iodide and absolute alcohol, and crystallises -from alcoholic 
solution on cooling in anhydrous white micaceous plates slightly soluble in water, 
more freely in alcohol, especially at the boiling heat. When agitated with water and 
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silver oxide, it yields an alkaline liquid which precipitates motallio salts, especi- 
ally those of mercury and silver, rapidly absorbs carbonic acid from the air, and 
then yields on evaporation crystals of hydrocotarnine ethylcarbonate, 
(C‘*H'*N0*.0*H*)'C0* + 4II“0, which are soluble in water and in alcoW, but not in 
ether. 

The ethiodide, agitated with water and recently precipitated silver chloride, is 
converted into the ethylo chloride, C**H**NO*.C*IPCl, which forms feathery 
crystals, melts at 100° to a vitreous mass solidifying in the crystalline form on cool- 
ing, and yields a platinochloride, (C*2H**NO*.C*H*Cl)*PtCP. The ethiodide is not 
altered by heating with excess of ethyl iodide. 

Narcotine, heated as above with ethyl iodide and absolute alcohol, yields an amor- 
phous, easily decomposible ethiodide, C*-IP*NO^C*H*I, convertible like the preceding 
into chlorine- and hydroxyl-compounds, which are also easily decomposible. 

Cotamine forms an amorphous very hygroscopic ethiodide, convertible into an 
amorphous hydroxyl-derivative. The corresponding ethylochloride and platinum salt 
are likewise amorphous. 

Acetic anhydride does not act upon either narcotino, cotamine, or hydrocotarnine. 

’Bromint-detinatioee of Cotamine and Hydrocotarnine Chem. 

Soc. J. xxxii. 625). — Hydrocotarnine hydrobromide treated with bromine yields the 
following products of decomposition : — 

1. G«H»»NO».HBt + Hr* = HBr + C»H»BrNO».HBr 

Bromhydrocotamino 

bydrobromide. 

2. C'*H*^BrN03.nBr + Br« = 2HBr + C»*H»“BrNO*.HBr 

Bromocotariiiue 

bydrobromide. 

3. C‘*H'=BrNO».HBr + Br* = C'^H^^Br^NO^.HBr 
Tribrombydrocotamino 

• bydrobromide. 

The formation of the first two of those bodies is preceded by that of the unstable 
addition-products, C'*H'*BrJNO*.HBr and C**H“Br*NO*.HBr. The third addition- 
product, tribromhydrocotaruine hydrobromide, forms well-defined permanent crystals. 

Bromhydrocotarniiie and bromocotarnine are similar in their general properties to 
hydrocotarnine and cotamine respectively. The former is anhydrous, and melts at 
76° ; the latter has the composition C*‘H**BrNO* + H*C), and gives off its water at 
100° with decomposition. Its hydrobromide, C**H^®BrN()MIBr + H“0, crystallises 
well, and dissolves easily in water. The hydrobromide of bromhydrocotarnine is an- 
hydrous and sparingly soluble in water. 

When bromocotarnine bydrobromide is heated above 200° it melts, gives off 
hydrogen bromide, and a combustible vapour (probably CH®Br), and forms a small 
quantity of the bromide of a new base, C'*H*NO®, called tarconinc, together with an 
indigo-bluo substance which is the bydrobromide of the base C“®H“N'0®. These two 
bases and their salts are insoluble in water, ether, alcohol, benzene, carbon sulphide, 
and petroleum, slightly soluble at the boiling heat in aniline and glacial acetic acid, 
with which they form dark blue solutions. Strong sulphuric acid dissolves them, 
forming with the latter the sulphate the solution of which has a 

colour like that of magenta, equally beautiful and possessing great tinctorial power. 

Tribromhydrocotamine Hydrohromide molts^ at 200°, and is at the same time 
resolved into hydrogen bromide, methyl bromide, and bromotarconine bydrobromide, as 
shown by the equation 

C«H«Br»NO».HBr = HBr + CH»Br + C»H«BrNO».HBr. 

Bromotarconine forms slender scarlet crystals, C"H"BrNO*.2H*0, which when 
heated to 100® give off their water and assume a crimson colour, and retain that 
colour if immediately recrystallised from perfectly anhydrous alcohol, but crystallise 
out with scarlet colour if the slightest trace of moisture is present. The salts of 
bromotarconine have a faint-yellow colour, crystallise well, and dissolve sparingly in 
cold water. The bydrobromide and hydrochloride crystallise each with 2H*0. 

Cotamine Hydrobromide, is very soluble in water, and 

forms with bromine the addition-product, dihromhydrohromocotarnine hydrohrmnide, 
0**H**Br^O*.HBr, which, when further treated with bromine, yields tribromo- 
cotarnine hydrobromide Wentical with tihat which is formed from hydrocotarnine. By 
the action of water, dibromhydrocotarnine bydrobromide is resolved into hydrobromic 
acid and bromocotarnine bydrobromide. Bromocotarnine treated with zinc and 
hvdrochloric acid takes up 2 at. hydrogen and is converted into brojnhydrocotarnine, 
identical with that which is formed from hydrocotamino. 
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Oxniarootiite,0»H»KO' = N3;C"H"(CH*)0*].C0 .C»H’|^q^j,. Thiebase, 

of which narcotine may he regarded as the aldehyde, was obtained by Beckett a. 
Wright (Chem. Soe. J. xxix. 461) from crystals which remained uiidissolvod . in the 
process of purifying narceine. It probably does not exist in opium ready-formed, but 
is formed from narcotine by the action of atmospheric oxygen. To purify it, the 
crude base is treated with the exact quantity of sulphuric acid required to dissolve it; 
the solution is treated with the exact quantity of caustic soda required to prccipitat# 
the base ; the precipitated crystals, forming a mass very mucli like paper-pulp, are 
repeatedly boiled with water, which Ukes up admixed narceine and finally leaves 
sandy crystals which must be repeatedly boiled with alcohol ; and the base thus far 
purified is finally converted into the hydrochloride, and precipitated in the pure state 
by addition of a slight excess of ciiustic potash. Jly applying the same treatment to 
the mother-liquors obtained in the separation by water, as above described, it is easy 
to effect the separation of the oxynarcotine from the narceine. 

Oxynarcotine is but sparingly soluble in water and in .alcohol oven when hot, and 
nearly insoluble in benzene and in chloroform. It is precipitated from the solutions 
of its salts by the fixed alkalis and their carbonates, but redissolvcd by an excess of 
the precipitant. Its solution in hot hydrochloric acid yields soft crystals of the 
hydrochloride, C^H-^NOMrCl + 211-0, which become anhydrous at 100°, and are 
resolved by boiling with water into basic salt and acid. 

By oxidation with ferric chloride and other reagents, oxynarcotine is resolved into 
bydrocotamine and hemipinic acid : 

C“H'^*NO« + H^O = 

without formation of opianic acid. It is decomposed by heating with water in a sealed 
tube to 140°-160° for lt5 to 20 hours, but the product does not contain opianic acid, 
hemipinic acid, meconin, or any alkaloid soluble in ether (Beckett a. Wright). 

Hemipinic and Oplanlo Acids. Orientation of KTarcotine-derlvatiwes. 
Hemipinic acid, was obtained, together with meconin, by fusing q[)ianic 

acid with three times its weight of potassium hydroxide, the two l)eing separate^^^ 
Matthicssen a. Foster’s poccss (iii. 142). The meconin thus obtained fused at 102°-' 
102-6°. Crude hemipinic acid, partially purified by cbnvorsion into the lead salt, 
always contains small quantities of methyliiormeconin, C^H^O', which gives a blue 
coloration w'ith ferric chloride, and is difficult to separate by recrystallisation, but 
may bo easily removed by oxidation with chromic acid mixture. Pure hemipinic 
acid m.ay also be obtained by washing its ammonium salt, dried at 100°, with alcohol, 
dissolving it in hydrochloric acid, and extracting with ether. Hemipinic acid, heated 
for an hour to 180° and cry.staHiscd from alcohol, is converted into hemipinic 
anhydride, which forms shining needles melting at 166°-167° (corr.) The acid 
containing mcthylnormcconin molts at 10°-16°, and its anhydride at 6°-7°. The case 
with which hemipinic acid is converted into the anliydrido points to the conclusion 
that it belongs to the phthnlic series — other words, that it is an ortho-compound. 

Sodium homipinato heated in a retort with twice its weight of soda-lime yielded, 
together with a watery distillate, a heavy oil boiling at first between 200° and 210^, 
but after two rectifications between 204° .and 206° (corr.) This oil is identic.al in .all its 
reactions with the dime thylpyrocatochin, C®tK 0CH*.0II, which Marasse 
obtained from bcoch-tar creosote (vi, 504), and is resolved by heating with hydriodic 
acid into methyl iodide and i)yrocat. chin. 

Hemipinic acid heated with six bo seven times its weight of potassium hydroxide 
and a little water to 200°-220° — the temperature rising in about fifteen minutes 
to 236°-240° — is converted into protocatechuic acid, C“I1'’(011)*.C0"H + H^'O 
[CO*H : OH : OH=l : 3 : 4]. Hence hemipinic acid may he regarded as car- 
boxylatod dimethylprotocatochuic acid, C®H.'‘*(CO'‘*il)*(OClP)', in which the 
two carboxyl-groups are probably in the positions 1, 2, the methoxyl-groups in 3, 4 
OP 4, 6. By heating with soda-lime, it is converted into 2CO* and C“H^(OCfl®)- ; by 

heating alone into the anhydride C®IP(OCH*)*|qq^O ; and by fusion with potas- 
sium hydroxide, into carbonic .acid, protocatechuic acid, and methyl alcohol, which 
suffers further decomposition : 

C®H*(00H*)*(C0*H)* + 3KHO = CO»K* + C«H®(0H)2C02K + 2CH<0. 

Hemipinic acid cautiously heated with hydriodic acid is converted into m ethyl - 
norhemipinic acid, C®H«0® -H 2H'-'0, which gives off its water at 100°, with pjirtial 
decomposition. It is very unst.able, as are .also its salts ; molts with decomposition 
at 160°-165°, and is identical with Liochti’s isapinic acid (vi. 882), to which however 
Liechti assigned a different formula. 
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Methylnorheinipinic acid, fused 'with potassium hydroxide at 240°, till a sample 
no longer gives a blue colour with ferric chloride, is converted into protocatechuic 
acid ; when heated above its melting point, it gives off carbon dioxide; and when dis- 
tilled with pumice-powder it yields methylprotocatechuic acid (m. p. 249° corr.), 
together with an oily substance, probably guaiacol. Methyliiorhemipinic acid, heated 
for half an hour to 160*^-170^, yields an acid which may bo purified by conversion 
into the ammonium salt, dissolves easily in hot, sparingly in cold water, is coloured 
blue-violet by ferric chloride, and is perhaps identical with Liechti’s opinic add. 
When heated with dilute hydrochloric or hydriodic acid, it yields methylprotocatechuic 
and protocatechuic acid. 

Hemipinic acid, heated for ten hours with excess of strong hydrochloric acid, 
yields monomethylprotocaiechnic add, melting at 251° (corr.) {comp. Matthiessen a. 
Foster, Chem, Soc. J. xvi. 354). This acid yields a dimethyl-derivative which is 
identical with dimethylprotocatechuic acid, but, contrary to Kollc’s statement (vii. 432), 
crystallises with 1 mol. H‘*0. 

Meoonin, fused with potassium hydroxide, yields methylnormeconin, C"H*0*, 
as an anhydrous crystalline body, which melts at 125°, and is turned blue by ferric 
tdiloridc. The same compound is produced in like manner from narcotino. By further 
fusion with potash, it is converted with evolution of hydrogen into protocatechuic 
acid. 

Meconin and methylnormeconin may be represented by the following formulee : 


l(OCH*)» 

Meconin. 


C*H2 




OCH». 

I OH 
Methylnormeconin. 


Hypogallic add is regarded by Beckett a. Wright as a mixture of opianic and 
hemipinic acids, probably with addition of protocatechuic acid (p. 1083). 

• '^ieactions of Opianic Add . — Sodium opianate, mixed with soda-lime (caustic baryta 
yields a smaller product), dried at 130°-140°, and distilled in a retort, yields, together 
with a watery distillate, a hefivy oil, the portion of which boiling above 260° contains 
a fraction which passes over at 280°-285° (uncorr.), and solidifies in a freezing mixture 
to a mass which melts at 41°. On one occasion, the whole of the crude products 
distilled over at 260°, but mostly the greater part passed over below 200°. The oil 
has the composition C*II‘®0*, and agrees in all respects, exc(‘pt its molting point, 
with Ticmauri’s methyl-vanillin (p. 306). When heated with very dilute sulphuric 
acid, with gnidual addition of potassium dichromate, it yielded a small quantity of an 
acid which melted at 171°, gave no colour-reaction with ferric chloride, and when 
heated to 220 ’ with potassium hydroxide, was converted into an acid exhibiting the 
reactions of protocatechuic acid. Thi.s oxidation-product of methyl-vanillin is therefore 
doubtless dimethylprotocatechuic acid. 

When mcihyl-vanillin is heated for ten hours with strong hydrochloric acid, methyl 
chloride is foriin d. and the liquid on cooling deposits a dark-coloured tar ; and on 
dissolving thi.s in ether, agitating tho solution with caustic potash, separating the 
dark-coloured alkaline liquid, acidifying with hydrochloric acid, exhausting with fre.sh 
ether, and evaporating tho ethereal solution, an oily residue is left, which on standing 
yields crystals having tho composition smelling like vanilla, sparingly soluble 

in cold, easily in hot water, melting at 80°, *and identical in every respect with 
Tiemann a. Haarmann’s vanillin. The quantity of vanillin thus obtained is, how- 
ever, very small, so that tho preparation of this substance from opium is not likely to 
be successful as a commercial operation. 

The formation of dimethyl-protocatechuic aldehyde by the action of heat on a 
mixture of sodium opianate and soda-lime shows that the COOH radicle eliminated 
from opianic acid by the action of soda-Iimo is in tho same position as that removed 
from hemipinic acid by the action of caustic potash at 240°. 

From the character of the alternative formula thus deducible for opianic acid, viz.: 

COH COH 



>.0H* 
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it follows that narcotine mast have one of the two stroctures : 




[C“H"(0H“)0»]i=N [C»H“(CH»)0»]aiN 

io CO 





the 00-group which links the benzene radicle to the cotarnine nucleus, corresponding in 
position with the CO.OII eliminated frfjm opianic acid by soda-lime, and with tliat 
removed from hemipinic acid by heating with potash at 240°. 

Opianic acid, treated with hydrochloric acid gas, is resolved, according to Matthicsen 
a. Foster (vi. 882), into methyl chloride and methylnoropianic acid, which, 

when distilled with soda-lime, might be expected to yield vanillin ; experiment 
shows, however, that a more thorough decomposition takes place, the greater part of 
the opianic acid being completely charred. 

Opianic acid, treated with a large quantity of hydriodic acidt yields nearly the 
theoretical amount of methyl iodide, in accordance with the equation : 

CioH^Os + 2HI = 2CH*I + C»H«0' 

Opianic Noropianic 

acid. acid. 

The noropianic acid crystallises with 2H*0, and is isomeric with that obtained by 
Ticmann {infra). 

Zfloplanlo and Zsoliemlplnlc acids, and other acids related to them, isomeric 
with those just described as derived from narcotine, have been obtained by Tier\\ann 
a. Mendel sohn ( Dent. Chem, Ges. her. x. 393 ), starting from a 1 d e h y d o v a n i 1 1 i c a c i d, • 
C®H*0*, which, as already observed (p. 291), has the* structure represented by the 
1 3 4 5 

formula C^.CO^H.H.OCII^OK.COII.I!. The acids thusobtjiined belongto the isophthalic 
scries; those obtained from narct)tino, to the phthalio series. With regard to 
aldehydovanillic or raethylnorisopianic acid, Tiemann a. Mendelsohn observe that its 
aqueous solution does not reduce cither silver nitrate or Fehliug’s solution at the 
boiling heat. It forms two scries of salts. The •potamum^ i^odium^ and ammonium 
salts arc scjlublo in water, the solution having a characteristic yellow colour. From a 
strongly ammouiacal solution of the acid, barium and calcium chlorides throw down 
slightly soluble (possibly basic) barium and calcium salts ; and the acid, neutralised 
with ammonia, forms with silver nitrate a yellowish-white silver salt ; with cupric 
sulphate, a green copper salt, soluble with green colour in exce.ss of ammonia. A 
crystalline lead salt is precipitated from the aqueous solution of the acid by lead 
acetate, the precipitate increasing on addition of ammonia. 

The mono- and di-mothylic ethers of raethylnorisopianic acid are formed simul- 
taneously by digesting 1 mol. of the acid at 100° with 2 mols. KJIO, methyl alcohol, 
and excess of methyl iodide, and may be sepamted from one another by agitating 
their ethereal solution with a very ^ilute alkaline ley. The monomcthylic ether or 
mcthylic methyUwrisopianate^ C®H^(GOH)(()JI)(OClP)(C()()CH’), is precipitated from 
the alkaline solution on acidulation in flocks of yellow needles, which, after recrystal- 
lisation from water, melt at 134°-135°, and dissolve in solution of sodium carbonate, 
but without evolution of carbon dioxide. The dimethylic other or methyl isopianate, 
C*H^COH)(OCII®)=(COOCH*), is obtained by spontaneous evaporation of the ethereal 
solution, in the form of an oil, which soon solidifies to a crystalline mass. When 
recrystailised from boiling water, in which it is but slightly soluble, it forms slender, 
white felted needles, having a characteristic aromatic odour, and melting at 98°-99°. 

Iflopianicacid,C*H'‘*(COjp(OCH*)*(C0011), obtained from the dimethylic other 
by boiling with alkalis, crystallises from boiling water in slender white needles, molting 
at 210°-211° (uncorr.), and dissolves readily in alcohol and in ether. In strong 
sulphuric acid it dissolves with deep yellow colour, in alkalis without coloration ; no 
colour-reaction with ferric chloride. With sodium bisulphite it forms a sparingly 
soluble compound. The isopianates of ammonia and the fiiied alkalis are easily soluble 
in water. The solution of the ammonium salt is not precipitated by chloride ^ barium 
or calcium. Cupric sulphate precipitates from it a bluish-white copper salty soluble 
with blue colour in excess of ammonia ; load acetate forms a sparingly soluble lead 
salt ; silver nitrate, a white silver salt, which may bo crystallised from hot water 



1886 


NATEOLITE— NBOGEir. 


without decomposition. By oxidation with dilute solution of potassium permanganate, 
at 70®, isopianic acid is converted into isohemipinic acid {infra), 

Isonoropianic or Aldehvdoprotocatechuic acidf C*H*(COH)(OH)*COOH, is produced 
by heating aldehydovanillic acid with dilute hydrochloric acid to 170°-180®, and 
crystallises from hot water in yellowish needles, which melt at a temperature above 
240®, dissolve without much difficulty in cold water, easily in hot w'ator, alcohol, and 
ether. The aqueous solution, mixed with an alkali, immediately turns yellow, and 
after long sfcinding or after heating, reddish-yellow ; with ferric chloride it produces 
a dark-green colour, suddenly changing to reddish-violet on addition of alkalis. It 
reduces Fehling’s solution at the boiling heat ; silver nitrate only on addition of 
ammonia. Hiuico it follows that isonoropianic acid is not identical, but isomeric, with 
Hlasiwetz’s quercimeric acid (v. 5). 

Isohemipinic acid, (>H®(OCH®)^(COOH®), formed, as above mentioned, by 
oxidising isopianic acid with a dilute solution (1 : 5) of potassium permanganate at 
70®, crystallises from hot water in white needles which dissolve easily in alcohol and 
ether, without much difficulty in hot water, but are nearly insoluble in cold water. It 
melts at 245®-246®, and sublimes at a higher temperature without foimiation of 
anhydride. It is bibasic. The potassium^ sodium, ammonium, barium, and calcium 
salts are easily soluble and crystallise well. The ammonia salt, neutralised with an 
acid, yields with copper sulphate, a bluish-white copper salt, with lead acetate, a 
white lead salt, and with silver nitrate, a white silver salt which dissolves in hot water 
without alteration (Tiemann a. Mendelsohn). 

XT ATROXiZTB. See Zeolites. 

XrSCTAB. This name is applied to the sweet-tasting fluid secreted within the 
cups of insect-fertilised flowers. On the amounts of cane- and fruit-sugar contained 
in the nectar of various flowers, see A. S. Wilson {Chem. News, xxxviii. 93; Chem. 
Soc, J, xxxiv. 997). 

BEFZEDBWZTS. This name is given by P. Pusirewsky {Jahrh. f. Min. 1873, 
42^t<J a white to rose-red amorphous substance resembling lithomarge, occurring, 
•^^her with fluorspar, in limestone at Nertschinsk in Siberia. Hardness =1*5. 
Sp. gr. =2‘335 at 18®. The substance gives off 11'13 per cent, water over sulphuric 
acid, 19'13 at 2/50®, and 4*73 at a still higher temperature. A certain proportion of 
it (0*2 per cent.) dissolves in water with alkaline reaction (Na’-'O), and may be regarded 
as Jin admixture. Pusirewsky assigns to this substance the formula H^AIgAl'-Si^O*®, 
but the analyses from which he deduces this formula differ considerably from one 
another. 

ETSORO COFFEE. The seeds of Cassia occidentaHs, from the French colonies 
in Africa, are known by this name. Accorfling to an analysis by J. Clouet {Phatm. J. 
Trans, [3], vi. 909) they contain in 100 pts. : 


Fat (Olein and Margarin) 4*9 

Tannic acid 0-9 

Gum 28'8 

Sugar 2*1 

Starch 2*0 

Cellulose 34 '0 

Water 7*0 

Calcium sulphate and phosphate, Chrysophanic acid . . 0*9 

Malic acid. Sodium chloride, Magnesium sulphate. Iron, 

Silica 6*4 

Achrosin 13'd8 


Aohrosin, perhaps a mixture of several substances, is extracted from the seeds by 
alcohol. The seeds have a purgative! action, and are used as a remedy for fever. They 
lose their purgative properties by roasting, and an infusion of the roasted seeds smells 
and tastes like one of roasted coffee-beans. 

EEOCBETSOXiZTE. A mineral found in the cavities of the Vesuvian lava of 
1631. It is crystallographically identical with olivine, and differs from it chemically 
only by its higher amounts of iron and manganese, which replace nearly the whole of 
the magnesium (A. Scacchi, Zeitschr, Kryst, ii. 104). 

WEOaEE*. An alloy.containing : 

On Zn Ni So A1 Bi 

58 27 12 2 0*6 0*5 = 100 

To prepare it the constituent metals are separately fused and very carefully triturated 
together (Sauvage, Dingl, pol, J, cezv. 377). 
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iriBOXiXTlIa According to Frcnzel {Jdhrh. f. Min, 1874, 676) the crust of the 
Freiberg pseudomorphs of iron pyrites and magnetic pyrites is a mineral nearly related 
to neolite, and having the composition A. The values B are calculated from the 
formula 4FeO.SiO* + Al^O^tSiO'-* + 3H*0 : 


SIO* A1*0» Fe*0» FeO MnO CaO MrO H“0 

22-28 16-82 2-44 41 19 423 1-82 1*31 8-88 = 98-97 

21-26 18-20 — 50-99 _ — — 9*56 « 100 ^ 

JTBPBSXiZnr. On nephelin from Latium, J. Striiver {Zeitschr. Kryst. i. 240) 
observed the forms OP, ooP, 00 P 2 , 00 P5, 2P, 2P2. The measurements agreed 

■well with those of nephelin from Somraa (iv. 31). The crystals, which are mostly 
colourless, white, or grey, rarely green or flesh-coloured, occur in geodes of the lavas 
and ejected blocks. 

liammelsberg {Berl, Akad, Tier. 1876, 695) discusses the chemical constitution of 
nephelin on the basis of now analyses (1-4) of Vesuviiin nephelin, the only material 
sufliciently definite in composition to be available for the decision of the question. 
Ho assumes the formula Ji"(AP)®Si’0-* which, accordingly as K : Na = 1 : 5 or 1 .* 6, 
gives the values (6) or (6) {infra)^ the lime present being attributed to admixture of 
augite and garnet. According to this, nephelin should bo represented by the formula : 


B«SPO«» = 


5R^SiO* 

2R2SiO» 


I 


For K : Na = 1 : 5, the formula of nephelin may also be written in the form : 


(SNaUPSPOV 
} K^APSi^O** \ 


the first member of which is the silicate occurring in sodalito, &c., and the second 
leucito : 




SiO* 

A1»0* 

Na*0 

K»0 

CaO 

Total 

1 

(found) 

44*77 

34*94 

15-33 

4-47 

0*60 

100-01 

2 

II 

44-88 

34*37 

16-40 

4-87 

0-54 

100-06 

3 

II 

44-63 

34-39 

16*31 

4-93 

0*67 

99-93 

4 


46*65 

34-27 

16-35 

4-32 

trace 

100-59 

6 

(calc.) 

45-17 

33*10 

16*67 

6*06 

— 

100 

6 

45*28 

33*19 

17-17 

4-36 

-- 

100 


Sp.gr. 

2-600 

to '• 
2-6087 


See also H. Rauff {Jahrb.f. Min, 1878, 745 ; Chem. Soc. J. xxxvi. 606). 

For distinguishing between nephelin and apatite in a microscopic section of a 
rock, the following reactions arc given by A. Strong {Jahrb.f. Min. 1877, 94): 
Nephelin is decomposed by very strong hydrochloric acid, the cavities of the etch^ 
crystals becoming gradually filled with cubes of sodium cliloride ; apatite, treated 
with a concentrated solution of ammonium molybdate in nitric acid, yields small 
yellow octohedrons and rhombic dodecahedrons, which spread over the entire field of 
view, excepting the part occupied by the apatite itself, at which the reaction is pre- 
vent^ by the excess of phosphoric acid present. 

Nephelin ficrite is the name given by E. Boricky {Jahrb. f. Min, 1877. 639) to a 
rock from the Devine near Wartenberg in Bohemia, distinguished from Tschermak’s 
picrite by the constant presence of nephelin and perowskite, the latter mineral forming 
sharp-edged ci^stiils, 0-01 to 0'02 mm. in diameter. 

On the nephelin-rock of Meiches in the Odenwald, see v. Klipstein {Jahrb.f, Min, 
1878, 722 ; Chem. Soc. J. xxxvi. 60 f). 

irSPHBZTE. Four nephrites, collected by H. v. Schlaginiweit in Central Asia, 
have been analysed by L. R. v. Fellenberg {Munch. Akad. Ber, iii. 277). They wore 
found imbedded in gneiss in clefts in the neighbourhood of Gulbasli^n, a halting place 
on the right side of the river Karkash, in the Kunlun range, lat. 36° 13' N., long. 
78^ 15' £. of Greenwich, at a height of 3725 met. : 


Sio* A1«0» Few FeO MnO CuO MgO K"0 SiP H'O 

1. 59-30 0-53 — 0-70 0-56 10 47 25 64 1-02 128 0 62 = 10011 

2. 59-50 0-76 — 1-35 0*79 11-60 24-24 1-67 — 0-86 = 100-65 

3. 68-42 0-70 — 0-67 0-46 13*85 24*39 0*10 0*60 1*20 « 100*39 

4. 69-21 0-60 0-34 0*97 0*63 14-61 23-55 0 19 — 0*78 = 100*68 


Sp. gr. of 1 = 2-972 at 4 4® ; of 2 = 2-957 at 7-5° ; of 3 = 2*980 at 17° ; of 4 = 2 974 at 20°. 


The analyses give, for silica = SiO", values comprised between the limits : 

SiO* : MgO : CaO « 3 : 3 : 1 and 10 : 10 : 4. 

These nephrites, when first removed from the bed, are soft enough to be easily worked, 
whereas older specimens have a hardness of 6*5. 
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H. Fisher {Min. Mitth. 1873, 165) describes the breaking up of a refractory block 
of nephrite by ignition and rapid cooling, and is of opinion that this mode of treatment, 
which is known to be adopted for the disinte^ation of other hard minerals, may throw 
light on the working of nephrite in preliistoric times. 

WTVirxirxif. See Niobium. 

ISTBUllXll'S. According to J. Mauthner {Liebigs An7iale7i, clxxv. 178) an aqueous 
solution of neurino dissolves blood-fibrin to a clear liquid which does not blacken 
lead acetate, is not precipitated by alcohol, but yields a precipitate of fibrin on 
gradual addition of an acid. On the putrefactive decomposition of neurino in thd 
bile, see p. 324. 

srXCSLSB* Occurrence. — Metallic nickel occurs to the amount of 0*76 per cent, 
in the magnetic platinum ore of Nischne-Tagilsk in the Ural (Terreil, Compt, rend. 
Ixxxii. 1116). 

On the sulphide of nickel and iron, 4Fe*S*.Ni‘S*, occurring at Ilorbach in the 
Schwarzwald, see Horbachitk (p. 1041). 

Statistical reports of tiio extraction of nickel from its ores in Europe and America 
are given in the Hanmverisches IVochenblatt fiir Handd iind Gewerbe, 1873, No. 36; 
Dingl. pol. J. ccx. 76; Jahresb. f. Chem. 1873, 994. On the Metallurgy of Nickel, 
see also Lundborg {JJingl. pol. J. ccxxvi. 643). 

Coating of other Metals with Nickel. — Electrodeposition. — A nickel-bath, much used 
for this purpose in France, is prepared by dissol\nng 4 pts. nickel nitrate in 4 pts. 
aqueous ammonia and 150 pts. water holding in solution 50 pts. acid sodium sulphite. 
With the aid of a very feeble current, the deposition is completed in a few minutes. 
There is no necessity for interrupting the process in order to clean the surface and 
thereby insure the desired thickness of the deposit, the nickelled objects merely re- 
quiring to bo dried in sawdust (Bodeii, Dingl. pol. J. ccxvii. 256). Another nickel- 
bath consists of 87*6 pts. nickel sulphate, 20 ammonium sulphate, 17*5 nitric acid and 
2 litres' of water (Ilesse, ibid^ Martin a. Uolamotto dissolve 1250 grams of citric 
ncifl, 500 sal-ammoniac (or ammonium sulphate), and 500 ammonium nitrate in 1(5 
litres of water ; heat the soliy-ion to 80° C. and saturate it gradually with recently 
precipitated nickel hydrate ; then add 2*6 litres of aqueous ammonia ; dilute to 25 
litres ; and after cooling, add 500 grams of ammonium carbonate ; leave the precipitate 
to settle, and filter the liquid. The solution thus obtained contains about 50 gi*am8 
of nickel in the litre, and has a density of 11° B. The nickel may bo conveniently 
precipitated from it at 50°. The addition of potash or soda renders it possible to 
obUin thicker electro-deposits of nickel. See also 0. Silvestri (fier. x. 889) and 
A. Kayser {Chem. Centr. 1878, 127 ; Chem. Soc. J. xxxiv. 537). 

On the coating of Iron with Nickel, see p. 1118. 

Malleable Nickel. — The addition of magnesium in the proportion of | per cent, to 
nickel or cobalt renders the metal malleable and ductile, and susceptible of a high 
polish. The alloy does not alter in the air, and is well fitted for mafcng harness, &c. 
It can be welded to iron or steel at a white heat, and rolled into thin plates without 
separating therefrom. It is prepared by dropping the magnesium through a hole 
in the cover of a crucible in which the nickel or cobalt is heated, a few pieces of 
charcoal having been previously introduced to remove oxygen (J. Fleitmann, B&r. 
xii. 464). ^ 

On the Magnetic relations of Nickel, see Magnetism (p. 1248). 

On the Manufacture of large Castings of Nickel, see Winckler {Dingl. pol. J. 
cczxii. 175; Chem. Soc. J. xxxi. 238). 

Detection. — To distinguish between nickel, cobalt, manganese, and zinc, A. IT. 
Allen {Ch&m. News, xxiii. 290) adds potassium ferricyanide in excess to an ammoniacal 
solution of the metal containing ammonium chloride. Manganese then gives a brown 
precipitate ; cobalt, dark red ; nickel, copper-rod in a hot solution, no precipitate in 
the cold ; zinc, no precipitate either in hot or in cold solution. 

R. H. Davies {ibid, xxxii. 44) modifies this method by adding ferrocyanide as well 
as ferricyanide of potassium, or the ferrocyanide alone. On adding the ferricyanide 
to a solution of nickel and cobalt till the resulting precipitate is redissolved, and then 
the ferrocyanide, a precipitate of nickel ferrocyanide is obtained, especially if the 
ammonia has previously been partly neut^lised by a few drops of hydrochloric acid. 
The cobalt being more soluble is not thrown down till a larger quantity of acid has 
been added, whereupon the red-brown colour of the solution disappears, and a yellowish • 
white precipitate of cobalt ferrocyanide is produced. The same result is obtained 
when ferrocyanide alone is employed. Nickel may also be easily recognised by the 
greenish colour produced on adding the ferrocyanide to its solution, even when 
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extremely dilute, this colour being very different from that which is produced in like 
manner by traces of ferrous salts. " 

Estimation bp Electrolysis (A. Hiche, Ann. Chim. Fhy8.\b\ nWy 608). — 
l^ickel may be rapidly and accurately estimated by decomposing its salts either in an 
acid or in an alkaline solution, and weighing the precipitated metal. The apparatus 
used consists of a platinum crucible in which is suspended a hollow truncated cone of 
phitinum with small openings in the side : this cone serves as the negative pole, tl^ 
crucible forming the positive pole. The decomposition may take place at the ordinary 
or at a higher or lower temperature. From a solution slightly acidulated with 
sulphuric acid at 60®-80® nickel may be precipitated by a current of two Bunsen’s 
cells. The precipitation is generally complete the first time, but to ensure accuracy, 
it is always advisable to subject the solution to the current a second time. 

The same method may bo applied to the analysis of alloys of nickt'l. 

Nickel and Copper. — Only the copper is deposited when an acid (sulphuric or nitric 
acid) solution is subjected to the action of one Bunsen’s element ; the solution con- 
taining the nickel is made alkaline with ammonia, and then slightly acid ; on passing 
the current the nickel is deposited. 

Nickel and Lead. — The lead is first precipitated as dioxide from a nitric acid 
solution by means of a Leclanch6’a element, and the nickel is determined afterwards. 

Nickel and Manganese. — The nickel is completely precipitated on the negative 
pole when a current is passed through an acid (sulphuric acid) solution, and may be 
washed and weighed. The action is then continued, if necessary, until the manganese 
is completely precipitated as dioxide on the positive pole. 

Nickel and Magnesium. — The separation is effected in a solution made acid with 
sulphuric acid. 

G. P. Sehweder {Zeitschr. anal. Ckem. 1877, 344) recommends that the nickel bo 
precipitated by a powerful current from a sfroUgly ammoniacal solution not containing 
much sal-ammoniac — iron, if present, having been previously precipitsited as biisic 
ferric sulphate. 

On the analysis of Nickel Coins by the Electrolytic method, see E. Busse [Zeitschr. 
anal. Chem. xvii. 63 ; Chem. 8oo. J. xxxiv. 338), 

Estimation of Nickel in Tyrrlwtites and Mattes. — The following method of deter- 
mining nickel in these substances is based upon the fact that nickel phosphate is 
completely soluble, while phosphate of iron is almost insoluble, in acetic acid in the 
presence of an excess of sodium phospliate. 

The ore is dissolved in hydrochloric acid, with addition of a little nitric acid ; the 
solution is treated with hydrogen sulphide and filtered ; the filtrate boiled ; the iron 
oxidised with nitric acid ; and ammonia is added until a permanent precipitate begins 
to form. Acetic acid is then added until the precipitate is redissolved. To this boil- 
ing hot solution a hot concentrated solution of ordinary sodium phospliate is added in 
excess, and the nearly white precipitate is filtered off and washed with hot water con- 
taining acetic acid. The filtrate is heated nearly to boiling, and caustic potash added . 
until the odour of .ammonia is distinctly perceptible. The apple-green precipitate of 
nickel phosphate is partially washed and dissolved in a little dilute sulphuric acid ; 
the solution rendered strongly alkaline by ammonia ; and the nickel precipitated by 
the battery. If more than 3 per cent, of nickel is present, the precipitate of iron 
phosphate must bo redissolved and treated as before, as it m.ay contain a little nickel 
(Margaret S. Cheney a. Ellen S. Kichards, Sill. Am. J. [3], xiv. 178). 

Separation of Nickel from other Metals. — Wohler’s method of separating nickel 
(and cobalt) from arsenic, without the use of hydrogen sulphide, has already been 
described under Cobalt (p. 541) ; also Phipson’s method, which consists in precipitating 
the two metals together as xaiithates, and dissolving up the nickel salt with dilute 
ammonia. According to A. Guyard [Chem. News, xxxiv. 266), recently precipitated nickel 
sulphide dissolves very readily in very dilute solutions of alkaline cyanides, whereas 
cobalt sulphide does not, so that this reaction may be used for the quantitative 
separation of the two metals. For this purpose, the recently precipitated sulphides 
are suspended in water, and a very dilute solution of potassium cy<anide is added in 
slight excess. The whole of the nickel then remains in solution, and may be pre- 
cipitated as cyanide by dilute sulphuric or hydrochloric acid. Tlie insoluble cobalt 
sulphide, after filtration and washing, is perfectly pure. 

From iron, in the form of ferric salt, nickel may bj separated by adding to the 
solution a quantity of ammmiia not sufficient to precipitate all the iron as ferric oxide, 
and then acetic acid. From the clear solution thus obtained, the W'hole of the iron 
may be precipitated by sodium phosphate, and the nickel estimated in the filtrate 
(M. S. Cheney a. E. S. Bichards, Sill. Am. J. [3], xiv. 178). 
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From zinc, nickel may be separated by evaporating the solution mixed with saf- 
ammmia/c to dryness, and gradually heating the residue till all the sal-ammoniac and 
all the zinc chloride are volatilised. No loss of nickel is likely to occur (R. Fresenius, 
2^8chr, ami, Chem. 1873, 66). 

Compounds of Nickel. 

Nickel may be amalgamated in the same way as iron (p. 1097), namolyj by placing 
it, together with some pieces of zinc, in contact with mercury covered with dilute 
sulphuric or hydrochloric acid (Casamajor). 

According to W. A. Ross {Chem, News, xxxiv. 1 50), molting nickel is capable of 
taking up a large quantity of silver, whereas melting silver does not unite with nickel. 
This difference perhaps depends upon the diiforence of the melting points of the two 
metals. 

Nickel Arsenide, Ni*As^ obtained by reduction of the arsenate, is a crystalline 
substance, having a metallic lustre andsp.gr. = 7‘71. 35y fusing with boric oxide, 
it is converted into Ni*As, or Ni®As®, w'hich can also be prepared by fusing together a 
mixture of potassium cyanide, metallic arsenic, and nickel oxide (A. Descamps, Compt, 
rend. Ixxxvi. 1065). 

Combination with Carbon and Silicon. — According to W. E. Gard {Sill. Am, J. 
[3], xiv. 274), commercial nickel always con tii ns appreciable quantities of carbon and 
silicon, the latter being probably derived from silica in the charcoal by which the 
nickel is reduced, or from the crucible. Pure nickel oxide, mixed with half its weight 
of finely pounded quartz and heated to fusion with charcoal, yielded a white non- 
metallic regulus of sp. gr. 7*73, and containing 9 to 9’5 per cent, carbon and 6 to 6*2 
per cent, silicon. In another experiment, half a pound of granulated commercial 
nickel was slowly heated to fusion between two layers of charcoal. The metal thus 
obtained was strongly magnetic, sofr, malleable to a certain degree, had a density of 
8‘04, and contained 2*105 p.c. carbon, of whicli 2*03 was in the form of graphite, and 0*36 
silicon.*' Nickel and cobalt heated to redness in a stream of marsh gas increased per- 
c6^"tibly in weight without exhibiting any actual deposition of carbon ; hence it would 
appear that the carbon entered into chemical combination with the metal. [May not 
the increase in weight have been due, at least in part, to occluded hydrogen ?] 

Experiments have also been made by Boussingault {Compt. rend. Ixxxvi. 609) with 
the view of ascertaining wliether nickel acquires by carburation and tempering the 
same properties as iron. To determine whether nickel, like iron, takes up carbon by 
cementation, a plate of nickel was exposed in a cementation furnace from April 26 till 
March 17 ; w’hen put in it contained no carbon, but small quantities of iron, arsenic, 
and copper ; when taken out it was perfectly clean, showing no blisters, and possessing 
the same hardness as before. The plate weighed before cementation 1384 grams ; 
after 1389*25, having gained 5*25, and contained *004 of combined carbon, without a 
trace of graphite. After being again cemented in a box of sheet iron filled with 
carbon, it was found by analysis to contain *006 of carbon, which is about the same 
proportion as in soft steel. By fusing this metal in a crucible lined with charcoal, a 
button was obtained, containing *0080 of combined carbon, and 0165 graphite ; toUil 
carbon, *0245. Notwithstanding this high carburation, corresponding to hard steel, 
the nickel had the siime appearance and ductility as before fusion. It is remarkable 
that the whole carbon taken up by the metal in this last operation was in the state of 
graphite. A small bar of forged nickel was also* cemented, when it contained 98*29 
per cent, of nickel, and 0*85 of combined carbon, besides small quantities of iron and 
silicon. The bar was placed in a clay crucible, surrounded with carbon, and exposed 
in the hottest part of a cementation furnace for a month ,* before cementation it 
weighed 201*907 grams, afterwards 201*867; it therefore lost *050 gram, but notwith- 
standing this, *604 grams combined carbon, and *303 graphite were fuken up. The carbon 
was in the same form as in tool steel ; the bar showed no sign of blistering ; it had kept its 
colour, density, ductility, and softness. From these experiments it would appear tliat, 
although nickel combines wkh carbon, it docs not thereby acquire stocl-like properties. 

On the Ferrocyanides of Nickel according to WyrouboflF, see Cyanides (p. 612). 

Fluoride, NiF*.3H*0. See Fluorides (p. 799). 

Mercaptide, N(S.C*fl*)®. See Mkrcaptides (p. 1276). 

Ozldez. An oxide, Ni^O^ analogous to magnetic iron oxide, is formed by passing 
oxygen over nickel chloride heated to 350°-440°, the product assuming a blackish 
colour and giving off chlorine. The change is more quickly effected by moist oxygen, 
the chlorine being then eliminated in the form of hydrochloric acid, and the chloride 
being completely transformed in a few hours into a greyish oxide having a metallic 
aspect, ana exhibiting under the microscope crystals having the form of spinel. The 
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oxide thus formed has no magnetic properties, and is not even attracted by the magnet. 
It dissolves in hydrochloric acid with evolution of chlorine. When very strongly 
heated, it gives on 6*6 per cent, oxygen, and is converted into the monoxide NiO, 
which, when thus prepared, is no longer capable of taking up oxygen and passing to 
a higher state of oxidation, wherein may be seen an explanation of the well-known 
fact, that nickel and its salts, when oxidised at high temperatures, never yield an 
oxide higher than the monoxide (A. Baubigny, C(mvpt» rend, ixxxvii. 1082). ^ 

A higher oxide, Ni^O^ is precipitated when a solution of a nickel salt mixed with 
excess of soda is oxidised by sodium hypochlorite. It is very unstable, beginning to 
decompose as soon as the liquid from which it has been precipitated is decanted off ; 
and when dried in a vacuum over sulphuric acid, it leaves a residue having the com- 
position Ni*0“.9H'^0. When the liquid doeinted from the oxide Ni*0* is boiled, the 
salt contiiined in it is decomposed without formation of stable lower oxides (T. Bay ley, 
Chem. News, xxxix. 81).* 

A hydrated oxide of nickel and cobalt, called heubachito, is found in thin soot- 
like deposits, or in the form of dendritic foil and fine globular masses, on clefts in 
baryta at the St. Anton Mine in the Heubachthal near Wittichen (p. 1029). 

A phosphide, NiT^ has been prepared by R. Schenk in the same manner as the 
corresponding iron phosphide. See Piiosphidks (vii. 950). 

Salts. The ftJllowing method of preparing pure nickel salts from the commercial 
met^ is given by A. Terreil (Compt. rend. Ixxix. 1495). The metal, usually con- 
taining copper, iron, and small quantities of arsenic, is dissolved in 7 or 8 pts. of aqua 
regia, the solution is evaporated to dryness, and the residue extracted with water. 
The solution is then filtered from insoluble iron arsenate, and the filtrate is treated 
with metallic iron, on which the whole of the copper is immediately deposited. The 
dissolved iron is then brought to the state of ferric salt by means of chlorine or nitric 
acid, and the solution is mixed with a quantity of sulphuric acid sufficient to convert 
all the iron and nickel into sulphates. The hydrochloric acid is next expelled by 
evaporation to dryness, the residue is redissolved in water, and the iron precipitated 
at the boiling heat by barium carbonate, which at the same time throws down the 
last traces of arsenic. The filtrate now contains nothing but nickel sulphate, which 
by evaporation to dryness may be obtained in a state o^ perfect purity. 

A hydrated nickelrmagnesima silicate, from Noumea, the capital of New Caledonia, 
examined by A, Liversidge (67/.m. 8oc. J. 1874, 613), occurs, together with chrome- 
iron ore and steatite, on veins of serpentine, and is traversed by veins of a white 
silicate, so that it lies in the network like honey in the comb. It has an apple-green 
colour, is unctuous to the touch, cleaves to the tongue, and splits into small pieces 
under water. Hardness = 2*5 to 3, The following analyses lead to the formula 
10(NiO,MgO),8SiO« 3H*0 : 


SiO* 

A1*0*, Fe*0* 

NiO 

MgO 

GaO 

H*0 


47*276 

1*560 

23*960 

21*583 

trace 

5*212 = 

99*591 

47197 

1*776 

24*060 

21*738 

tnice 

5*320 = 

100*091 


xrZCOTZXrs, C*H’N or Occurrence. — Heubel maintains — contrary to 

the statements of Vohl a. Eulenberg (vii. 851) — that nicotine is present in tobacco 
smoko, in the form of a salt which, at high temperatures, is more stable than the 
base itself. He states that he has detected it both by chemical and by physiological 
exporiinenls {Dingl. pol. J. cevii. 34^). According to Prcobrascheii.sky(^«ss.Z«V«cAr. 
Pharm. 1876, 705), Indian liemp contains an alkaloid closely resembling nicotine. 

Preparation, — W. Kirchniann (Arch. Pharm. [S'], ix. 209) prepares nicotine by 
distilling tobacco moistened with solution of sodium carbonate from a tinplate vessel 
on the water-bath, in a current of carbon dioxide, and collects the alkaloid which 
passes over in alcohol mixed with sulphuric acid. The colourless solution thus 
obtained is evaporated to dryness with caustic baryta, and the alkaloid is extracted 
from the residue by other. 

On the reaction of Nicotine with hydrt^en sulphide, see Alkaloids (p. 56). On 
its detection in a mixture of alkaloids, see Plant-bases. YortYie volumetric esHimtion 
of nicotine, Zinoffsky adopts the same process as for emetine (p. 732), the number of 
cubic centimeters of the reagent used being, however, multiplied by 0 00405, instead 
of 0*189. 

* The cobalt oxide, Co*0*, la formed in the same manner as the corresponding nickel oxide, and is 
somewhat more stable than the latter. When the liquid in which it is form^ is boiled, the salt con- 
tained In It Is decomposed, with evolution of oxygen, and formation of the oxide Co*®0‘*, intermediate 
between Co*0* and Co*0*. Tlie oxides Co*©* and Co“0” appear to be stable at a low red heat. The 
following hydrates of the former have been prepared: Co“0*+4H*0, dried over sulphuric add; 
Co*0“+3H*0 at 100® ; CbH)*+2H*0 at 138°, and probably Co*0*+n*0 at 300° (Bayley). 
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A concentrated acid solution of nicotine sulphate, saturated with aluminium 
hydroxide, deposits octohedral crystals of nicotine-alum (Kirchmann). 

Oxidation,— pure nicotine, boiling at 240°~242° (uncorr. ; thermometer in 
vapour) is oxidised by potassium permanganate, added as long as it is decolorised, 
(10 grams nicotine in r)00 c.c. of water require about 60 grams of permanganate dis- 
solved in 2000 c.c. of water), it yields carbonate and pyridine-carhoxylate of potassium, 
Free pyridine-carboxylic acid, C“H*NO-, or OH^N.COOH, is obtained by filtering the 
solution from manganese dioxiile, evaporating to dryness, taking up with alcohol, con- 
verting the dissolved potassium salt into silver salt, and decomposing it with 
sulphuretted hydrogen. After cry.stallisation from hot alcohol or water, it forms 
colourless crystals, molting at 225°-227® (uncorr.), and only sparingly soluble in ether 
and chloroform. This compound unites both with acids and with bases. Its platino- 
chloride, (C*H*NO*)®.2HCl.rtCl^ + 2H*0, forms large well-defined crystals which ^ve 
oflf their water at 115°. Tlie potasdum salt, C®H*KNO^ is anhydrous; the calcium 
salt, (C''fl^NO*)“Ca + 5H-(), is obtained by slow evaporation of tiie aqueous solution 
in large crystals which eifloresce slowly at ordinary temperatures, and give off the 
whole of their water at 115°. The sz'Zivr has a constant composition only after 
recrystallisation from hot water. The salts distilled with lime yield a large quantity 
of pyridine. 

Pyridine-carboxylic acid is identical with the nicotinic acid which Huber obtained 
(vii. 866) by oxidising nicotine with chromic acid mixture (Lsiiblin, Dmit, Chem. Ges, 
Bet, X. 2136). Its formation from nicotine shows that thi,s base maybe regarded as 
dipyridine, C'®H‘“N2+4 atoms of hydrogen (Cahours a. Etard). 

Action, of Sulphur. — When 100 parts of nicotine were heated to 140° with20pts. 
of sulphur, hydrogen sulphide was evolved, and continued to escape as the temperature 
rose to 155°. At 160°~170°, the highest tomporature attained, the perfectly fluid 
mass assumed a chrome-green colour ; and when left at rest for some days, deposited 
yellow prismatic crystals, which, after being purified by washing with cold alcohol, 
and then recrystalliscd from boiling alcohol, had the composition These 

en’stafs are of a sulphur-yellow colour, slightly soluble in cold, but readily in hot 
alcohol, insoluble in water, slightly soluble in benzene, and still less so in ether. 
They melt at 155°, and on celling form a resinous yellow mass, which, when subjected 
to dry distillation, evolves sulphuretted hydrogen, whilst carbon is deposited, and a 
small quantity of a volatile oil distils over. 

The compound has a perfectly neutral reaction, but nevertheless forms 

definite salts with acids. The hydrochloride, C’‘"^H’"N^S.2HC1, crystallises in fine 
golden yellow needles. The sulphate has not yet been obtained in a definite crystalline 
form. In solutions of the hydrochloride, platmum tetrachloride gives an amorphous 
yellow precipitate of the salt C-‘’IP"N'S.2HCl.PtCP. Mercuric chloride gives a 
chloromercurate, C'-*®H'®N'‘S.nCl.HgCr-, soluble in hydrochloric acid, and crystsillising 
in yellow needles. Ptcric acid gives a salt soluble in water, and also crystallising in 
yellow needles. Auric chloride gives an amorphous precipitate, soluble in hot water, 
from which it separates in brilliant scales. Potessium dichromato, ferro-, and ferri- 
cyanide, iodide, and cyanide, all give yellow precipitates. 

In the formation of this compejund, it appears probable that the nicotine is first 
transformed into tetrapyridinc, by removal of hydrogen: 2(C'®IPW)-|- 2S* = 

4H*S + C’'®H*®N^ and that a substitution of sulphur for hydrogen then takes place 
according to the equation, C-’"H“®N^-hS'‘*=H‘S-h C-®n'"N^S. The substjince is there- 
fore thiotetrapyndine. Its relation to nicotine may bo shown by the formula 
(C’®H®N*)*S. The action of an excess of sulphur at a higher temperature gives rise 
to another body not yet isolated (Cahours a. Etard, Compt. rend, Ixxxviii. 99). 

KXOBIVMi Nb = 94. Metallic niobium is obtained by passing the vapour of 
the pentachloride mixed with hydrogen through a red-hot tube. It has a steel-grey 
colour and splendid metallic lustre; is not athickod at ordinary temperatures by 
hydrochloric acid, nitric acid, or a mixture of the two, but dissolves quickly in strong 
sulphuric acid, forming a colourless solution. When heated in a stream of air it burns 
to the pentoxide, Nb*0*. It does not unite with chlorine at ordinary temperatures, 
but when heated in the gas it is converted into the pentachloride, together with a 
small quantity of oxychloride (Roscoe, Chem. News, xxxvii. 25). 

Niobium trichloride, NbCl*, is obtained by passing the vapour of the penta- 
chloride through a red-hot tube, and is deposited on the sides of the tube in the form 
of a black crystalline film, having the aspect of iodine. It is neither volatile nor 
deliquescent, and is not decomposed either by water or by ammonia, but nitric acid 
converts it into niobio acid. 

When the vapour of niobium oxychloride mixed with carbon dioxide is passed over 
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red-hot charcoal, no decomposition takes place, but if the carbon dioxide be replaced 
by chlorine, niobium pontachloride is formed. When the trichloride is heated in a 
stream of carbon dioxide, a "white sublimate of niobium oxychloride is produced, 
together "with carbon monoxide. This is the first known instance of the decomposition 
of carbon dioxide by a metallic chloride (Roscoe). 

Car When a mixture of niobium pentoxide and sodium carbonate,^ 
or a niobate containing a little alkali, is heated with charcoal, an olive-coloured 
crystalline mass is obtained, having, according to the duration of the heating, the 
composition NbO.|NbN or NbC.JNbN. If the heat be kept up for six or seven hours 
at the melting point of nickel, long, highly lustrous, grey-bluo needles are obtained, 
consisting of NbC.gNbN. At intermediate temperatures intermediate products are 
form^. These several carbonitrides treated with chlorine yield nothing but niobium 
chloride without a trace of oxychloride, a proof that in their preparation from the 
pentoxide the whole of the oxygen has been expelled. At the same time there is 
formed a small quantity of carbon hexchloride, and finely divided charcoal. The car- 
bonitrides heated with copper oxide or lead oxide are completely burned and give off 
the whole of their nitrogen. When roasted in the air they yield a very bulky pentoxide 
of niobium. Similar compounds are formed with tantalum <q. v.) (A. Joly, Compt. 
rend. Ixxxii. 1195). 

On the Ferrocyanides of Niobium^ see Cyanides (p. 613 ). 

xrioblo Oxide# Acid and Salts. The following hydrates and salts are de- 
scribed by B. Santesson {Bull, Soc. Chim, [2], xxiv. 62). 

The hydrate, 4lL‘‘*0.3Nb“0^ is prepared from the crude hydrate (obtained by 
fusing niobium pentoxide with potassium bisulphate and treating the molt with water) 
by dissolving it in hydrochloric acid and prccipiUiting with ammonia. Another 
hydrate, 7H*0,Nb‘‘'0*, is prepared by precipitating a boiling solution of sodium niobate 
with dilute sulphuric acid. 

(c), 2K“0.4Nb^0*+ llH^O, is obtained by fusing equal parts 
of niobium pentoxide and potassium carbonate, and treating the fused mass with water, 
which leaves the niobate insoluble. 

(6) 2K20.Nb*0’+ 1111*0, is prepared by fusing the preceding salt with a large 
excess of potassium carbonate, and subsequent treatment "with water. 

Sodium Niobate (a), Na'“0.Nb*0* + 6lP0, obtained by boiling niobic acid with 
sodium hydrate. The residue is separated from the alkaline solution, and dissolved in 
water. After some time the salt is deposited in small crystals. 

(5) 2Na*0.3Nb'*0®-h 9H*0, obtained by fusing niobium pentoxiile with sodium 
hydrate, and subsequent treatment with boiling water, which leaves the salt insoluble. 

7rfi ) 

Zinc fluoniobate, 1 FP®Nb* + 28H*0, obtained by dissolving equivalent quanti- 
ties of zinc carbonate and niobic acid in concentrated hydrofluoric acid, crystallises, 
by evaporation, in well-formed prisms, which are insoluble in cold water, decomposed 
by boiling water, and in the air evolve hydrofluoric acid. 

The fiuouiobates of cadmium, manganese, cobalt, and nickel are obtained in the 
same way as the above, and have a corresponding composition. 

Iron fluotiiobatej |Fl*®Nb*+ 19H'‘0, obtained by dissolving equivalent quanti- 
ties of metallic iron and niobic acid in>hydrofluoric acid, crystallises in slender prisms 
of a yellowish colour. 

Cojpper fluoniobatey | Fl‘®Nb + 9H*0, forms broad flat crystals of a bluish 
colour, which are decomposed by water. 

Mercury fluoniobate, Hg*Fl^^Nb + 8IP0, is prepared from a solution of equal 
quantities of mercury oxide and niobic acid in hydrofluoric acid. Mercury fluoride is 
first deposited, then a white mass, and finally, when the solution is concentrated, 
the above salt in short prismatic crystals, which are decomposed by water 
(Santesson). 

According to A. Joly, niobic acid forms four series of salts represented by the 
formulse 

M0.Nb*0», 2M0.Nb*0\ 3M0.Nb*0*, 4M0.Nb*0*, 

which may be prepared by fusing the pentoxide with a metallic chloride, and keeping 
the mixture for seveml hours at a temperature a little below the volatilising point of 
the chloride. In some cases the chloride was replaced by a mixture of a metallic 
fluoride with a chloride of alkali-metal. 

Magnesium Niobate, 4MgO.Nb*0*, prepared as above, is obtained in largo trans- 
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parent hexagonal plates, with a fatty lustre, like that of mica. Sp. gr. » 4*3. A 
prismatic niobate, 3Mg0.Nb-0*, was prepared in like manner. 

Calcium Niobates . — The dicalcic salt, 2Ca0.Nb®0*, was obtained by fusing the 
pontoxide with a largo excess of calcium chloride, in the form of very distinct rhom- 
bo'idal prisms. The monocalcic salt, CaO.Nb‘0*, was obtained by fusing together at 
a bright red heat for four or five hours, a mixture of niobic acid, calcium fluoride, and 
potassium chloride, the laltor in largo excess ; bub if the fluoride was in excess, the 
salt, 2Ca0.Nb‘0*, was formed, together with an oxyfluorido of niobium. 

Manganese Niobate , — Manganous fluoride, reacting on niobic acid, gives rise to 
manganese niobate, which is obtained in transparent, rose-coloured, right rhomboidal 
prisms. The action of ferrous fluoride does not produce a corresponding salt. 

Yttrium Niobate was prepared by fusion, in the form of very small octohedrons, 
having the composition Y“0*.Nb’^0*, which, according to Rammelsberg, corresponds 
exactly with the formula of native yttrium niobate, fergusonite. 

The substitution of tantalic acid for niobic acid gave analogous results in almost 
every instance (see Tantalum). 

Native Niobates . — The following have been examined by J. L. Smith Am, 
t/. [3], xiii. 361). Columbite from North Carolina . — Found in Mitchel Co., and 
Yancey Co., in rocks belonging to the same epoch as those in whicli samarskite was 
discovered. Occurs either in crystals, or in masses weighing from 6 to 100 grams. 
Sp. gr. of the crystals =5*562 ; of the massive variety =6*485. The following is the 
analysis of the two forms : — 



Maasive 

Crystals 

Niobic oxide .... 

.... 80*82 

80*06 

Tungstic and stannic oxides . 

. 1*02 

1-21 

Ferrous oxide 

.... 8*73 

14*14 

Manganous oxide . 

. 8*60 

6*21 

Cupric oxide .... 

.... trace 

— 


99-17 

100*62 


Columbite from Coh'xjdo , — Some crystals of amazon -stone from El Paso Co. 
were found to have small, black, acicular crystals imbedded beneath the surface. 
These latter were found to have the speciflc gravity 5*16. Their composition is as 
follows : — NbW = 79*61, FeO = 14*14, MnO = 4*61 ; loss by heat= 0*6. 

Samarskite , — Occurs principally in a mica mine, Mitchel Co., N. Carolina. It is 
crystalline, black, brittle ; fracture conchoidal ; lustre vitreous ; hardness = 5*5 to 6. 
Sp. gr. = 6*72. Composition as follows : — 



1 

2 

3 

Niobic oxide .... 

. 66*131 

64-96 

/37-20 

Tantalic oxide 

• • - J 

\ 18-60 

Tungstic and stannic oxides . 

. 0*31 

0*16 

0*08 

Yttria 

. 14*49 

12-84 

14*45 

Cerium oxides (?) . 

. 4*24 

5*17 

4-26 

Uranium oxide 

. 10*96 

9*91 

12*46 

Manganous oxide . 

. 1*63 

0*91 

0*76 

Ferrous oxide .... 

. 11*74 

14*02 

10-90 

Magnesia .... 

. . trace 

0-62 

0*56 CaO 

Loss on ignition 

% 0*72 

0*66 

M2 

Insoluble residue . 

— 

1*26 

— 


99-12 

100*40 

100*36 


Finkener a. Stephans (Verhand, Min. St, Pet, 1863, 13) found 4 percent, zirconia 
and 6 per cent, thoria in this mineral. 

Euxenite . — Found associated with samarskite, of a hair-brown colour, giving an 
ash-coloured powder, ti».nslucont in thin splinters. Fracture sub-conchoidal and 
irregular; lustre resinoid. Sp. gr. (mean) = 4*608. No crystals were found. Analysis 
gave the following numbers : — 

WO* and Yttrium and 

NbH)* SnO* cerium oxides CaO UO* MnO FeO H*0 
54*12 0*21 24*10 6*53 ^ 9-53 0*08 0*31 6*70 = 99-68 

Fergusonite, — Foun*d in the granite quarries of Bockport, particularly at the 
intersection of two trap dykes. 

The mineral is of a fine, dark brown colour, with a clear conchoidal fracture, and 
resinous lustre. Hardness 6; sp. gr. 6*681; streak light brown; powder ash- 
coloured. When heated to bright redness for 1 6 minutes, it changes to light greenish- 
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yellow, with loss of 1’6 per cent. Nb*0* « 4875, Y*0*s= 46*01, CeO* = 4’23, Fo*0®, 
and UO* * 0*26, 1-66. 

Aeschynite and Samar shite (Bammolsborg, Jahrb. f, Min, 1878, 529). — 
1. AeschynitCy sp. glr. 5*16, gavo by analysis : — 

Nb*0* TIO" TliO“ Ce*0",raW Di“0* Y“0*,Br*0’ Fo“0* CaO 

32*61 21*20 17'65 19*41 3*10 3*71 2*50:=99*98 « 

Hence the formula E2Nb2(Ti,Th)»0‘S or else R>Nb»(Ti,Th)«0“. 

2. Sanwirshitey («.) from Miask, sp. gr. =5*672; (5.) from Mitchell County, 
North Carolina, sp. gr. =5*839. In neither case could RammeJsberg detect the 
presence of acids of zirconium or thorium, which, according to some authorities, exist 
in this mineral : — 


SnO» TiO» SiO* Ta'O* Nb’0‘ Y*0* Er»0* Co“0*(Di) Fe“0*(Mn) UO’ 

a. 0*22 1*08 — — 65*34 8*80 3*82 4*33 14*30 11*94 


99*83 


SnO» TiO* SIO* Ta*0“ Nb“0* Y*0* Er*0* Cc*0’(Di) Fo*0*(Mii) 
h. 0*16 — 0*66 14*36 41*07 6*10 10*80 2*37 14*61 


UO* 

10*90 = 100*93 


The mineral therefore consists essonlially of a heminiobato (tanbilate) iso- 
morphously mixed with auranate; and as U : (Nb,Ta)= 1 : 10 nearly, the formula of 
8R^Nb«0«/ 

, or, 


samarskito is 




R’UW 
8(2R*0».3Nb‘0*) 


+ 2RWUO> [R= Y, Er, Ce{Di), Fo(Mn). 


HatchettolitCy ii new mineral from North Carolina, occurs, associated with 
euxenite and samarskite, in the combination O.oo Ooo.SOS, of yellow-brown colour 
with greyish shimmer, greenish-yellow after heating. It was regarded by Dana as 
pyrochloro, but differs from that mineral by containing a larger proportion of 
uranic oxide. 

'Roger site occurs as a deposit, in white botryoidal crusts — evidently a product of 
decomposition — on euxenite, and more rarely on samarskito. Hardness =3*5. 
Analyses 1, 2, 3, Hatchcttolite ; 4 and 5, Rogersito. 


WO* and Lossou 



Nb*0* 

SnO* 

UO* 

CaO 

YO 

FeO 

K*0 

ignition 

Lead 


(1.) 

66*01 

075 

16*20 

7*72 

2*00 

2*08 

0*50 

6*16 

trace = 

99*42 

(2.) 

67*86 

0*60 

16*63 

7*09 

0*86 

2 51 

1*21 

4*42 

trace 

100*18 

(3.) 

67*25 

0*91 

16*01 

7*11 

0*64 

2*12 

— 

5*02 

trace = 

99*06 








11*0 



(4.) 

18*10 

— 

— 

— 

60*12 

— 

— 

17*41 



(6.) 

20*21 

— 

— 

— 

— 

— 

— 

16*34 




Rogersite is interesting as being the first niobate in which so large a proportion of 
water has been found (J. L. Smith, Cunvpt, rend. Ixxxiv. 1036). 


An elaborate paper on the metals of the tantalum group has been published by 
R. Hermann (J.jpr. Chem. 1877, [2], xv. lOfi-lSO ; abstr. tTaAmi. /. Chem. 1877, 288; 
Okem. 8oc. J. xxxii. 166), in which — contrary to the view deduced from the experi- 
ments of Marignac a. Blomstrand in 1865, and now adopted by all other chemists - 
he regards these metals as heptads [niolwum fluoride, NbF^ niobic oxide, Nb-Os &c.] 
He further still maintains the separate existence of the metal to which, in 1846, he 
gave the name ‘ilmeuiuin’ (iii. 244), and is of opinion that the metal which Marignac 
obtained in 1868 {Cmnjd. rend. Ixvi. 180) by the reduction of the double fluoride, 
which he supposed to bo potassium-niobium fluoride, was really not niobium, but 
ilinonium. 

Lastly, Hermann announces the discovery of a new metal of this group, which he 
names * Neptunium.’ Its atomic weight, determined by the analysis of potassium- 
neptunium fluoride, 4KF.Np*F’ -I- 2H*0, he estimates at 118. Neptunium fluoride is 
described as resembling tantalum fluoride in giving with caustic soda an amorphous 
precipitate insoluble in boiling water, whereas the fluorides of niobium and ilmenium 
form with soda-ley crystalline precipitates of sodium salts soluble in 26 pts. of boiling 
water. From tantalum, neptunium is said to be especially distinguished by the fact 
that its fluoride forms with potassium fluoride .*jn easily soluble double salt, whorojis 
the fluoride of potassium and tantalum requires 200 pts. of boiling water to dissolve 
it. A characteristic reaction of neptunium is the wino-yellow colour imparted by 
neptunic oxide, and the golden-yellow colour by sodium neptunato, to a bead of 
phosphorus-salt, tantalic oxide giving therewith a colourless, niobic oxide n blue, and 
ilmenic oxide a brown bead. A further distinction is afforded by the reactions of the 
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corresponding acids with gallotannic acid, tantalic acid giving a sulphur-yellow, niobic 
acid an orange, ilmenic acid a brick-red, and neptunic acid a cinnamon-brown pre- 
cipitate. 

xrZTRACETAXrzXiXBE, C«H^NH.C2H*(N0p0. Both this compound and At 
nitranilino prepared from it (mixture of o- and ^-nitraniline, see p. 198), when boilc^!. 
with strong soda-ley, are converted, with copious evolution of ammonia, into para- | 
nitrophenol (m. p. IH®), whereas meta-nitranilino prepared from ordinary dinitro^ 
benzene cannot in any way bo converted into the corresponding nitrophenol (P. Wagner, / 
Ber, vii. 78). 

irZTBACETBZAMZDE, C^H^NWS * H*(NO*)C.CS.NH* (A. Steiner, Leut. 
Chem. Ges. Ber. viii. 1177 ; ix. 779). This body is formed, together with ammonium 
thiocyanate, when dry hydrogen sulphide is passed into anhydrous ether in which 
mercuric fulminate is suspended. The ether filtered from mercuric sulphide leaves 
on spontaneous evaporation, nitracethiamide, free sulphur, and an aqueous solution of 
ammonium thiocyanate and oxalic acid. The nitracethiamide may be separated from 
the last-mentioned substances by lovigation and washing with water, and obtained in 
the pure state by dissolving it out from the mercuric sulphide with ether. 

Nitracethiamide, when examined by the microscope, appears to be made up of 
prisms. It is quite insoluble in water, moderately soluble in alcohol and ether, and . 
can be separated from these solutions only by spontaneous evaporation of the solvent, 
since it is decomposed, with separation of sulphur, even below the boiling poini ot 
ether. It is quickly decomposed on gentle heating with water, still more qtlickly 
with aqueous ammonia, into carbon dioxide and ammonium thiocysnate, with separation 
of sulphur if the heat be quickly applied. When treated in ethereal solution with 
hydrogen sulphide, it is resolved into oxalic acid, ammonium thiocyanate, and sulphur ; 

2G='HW02S + H*S - 20N2H«S + 4 S. 

The,product did not appear to contain any amines formed by reduction of the nitro- 
group. Nitracethiamide, heated with chloride of lime, yields chloropicrin. 

BZTllAtCETO»APpTBAZ.ZBE 8 , C'^H^NH.C^H^CNO*)©. Three isomeric 
bodies of this composition are formed by the action of nitric acid on acetonaphthalene 
dissolved in acetic acid (see Naphthaienb). Two of them, a and i3, separate from the 
resulting solution by slow crystallisation, the a-modification in thick prismatic 
crystals, the jS-modifleation in needles which may be removed by elutriation. Both 
melt at 171®; and are converted by alcoholic potash into nitro-naphthylaminos, by 
boiling with caustic soda into nitn)naphthols. The mother-liquor from which the 
a- and jS compounds have separated deposits, on addition of water, a third or 7 - 
nitraceto-naphthalide which crystallises in long needles melting at 189°, and reacts 
like the and jB-modifications. The following table exhibits a comparative view of 
the crystalline forms and melting points of these isomeric compound! : 

a fi y 

Nitraceto-naphthalide . . . Needles Prisms Needles 

m. p. 171 ° 171® 189® 

Nitronaphthylamine . . . . „ 191® 168®-169® 191® 

Nitronaphthol 194® 128® 164® 

Nitronaphthalene . . . . „ 68® — 68° 

Amidonaphthol hydrochloride . . • „ Needles Scales Needles 

Naphthoquinone . . . . „ 126® 126® 

(Liebermann a. Bittler, Ber. vi. 947 ; vii. 240); compare p. 1362. 

ErZTRACETOirZTRZXi, C2H*(N02)N = Cn*(NO0.CN. When finely pulverised 
ammonium fulminate is gradually treated with five to six times its weight of ordinary 
sulphuric acid, the mass becomes warm and gives off carbon dioxide, and if it be 
further heated, and not stirred, nitracetonitril is also given off, and may be condensed 
in drops which solidify in the crystalline state. It then forms long colourless crystals 
which molt at a temperature a little above 40®, and dissolve readily in alcohol and in 
ether. In water, the compound forms heavy oily drops. When heated on platinum- 
foil, it bums with a very bright fiame. If the action of, sulphuric acid on ammonium 
fulminate be moderated by cooling and agitation, and heat applied from time to time 
only, then, on diluting with a large quantity of water, after the mass has coolea and 
the evolution of carbon dioxide has ceased, a white crystalline precipitate is formed 
consisting of an isomeric or polymeric nitracetonitril, and the mother-liquor contains 
ammonia. This nitracetonitril dissolves in hot water and in strong nitric and sulphuric 
acids, but is insoluble in cold water, also in ether and in alcohol. It melts, with 
decomposition, at 216®, and detonates when heated on platinum foil. Its aqueous 
solution has an acid reaction, and forms, with mercuric nitrate, a white precipitate^ 
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and with silver oxide a white precipitate which soon turns black. The mercury- 
compound, probably (C’'HN'-*02)*Hg, is sparingly soluble in hot water, and detonates 
when heated on platinum foil. Boiling baryta- water decomposes the nitracetonitril, 
^th rapid evolution of ammonia and formation of barium carbonate, the resulting 
-tolntion containing a crystallisable barium salt. By tin and hydrochloric acid, the 
. nitracetonitril is quickly reduced to a primary amine (Steiner). 

irZTRACETOPBBiroirE. See Phkntl-mbthtl Ketone. 

NZTEiiCETOXnZDZBE, See Xylidinb. 

M'ZTEE.CETTEMSBZBEirE. See Mesitylenes (Amido-), p. 1283. 

nZTEikirZB, C®(N0*)^0®, syn. with Tetranithoqijinone. See Quinone. 

ETZTXAE'ZBZC ACZBi C®H®(N(P)20*, syn. with Dinitro-dioxyquinone. See 
Quinone. 

ZrZTEAETZEZXfES* See Bbnzknes (Nitramido-), p. 198. 

WZTRZFZC ATZOXr • The occurrence of nitre in various parts of the earth’s 
surface has been known from the oarli(‘Ht times. It is found in certain cases as an 
efflorescence on soil, on the sides of caves (generally those frequented by animals), 
and on old walls, especially those of stiibles. From this mode of occurrence, the 
xmme of ‘Saltpetre’ is doubtless derived. Largo quantities of effloresced nitre are 
collected in certain districts of North India from the soil surrounding the house 
di^ins of the villages (W. J. Palmer, Ckem. Soc. J. 1868,318); this nitre, when 
recryctallised, forms the well-known Fast Indian saltpetre. Other well-known nitre- 
yielding districts cccur in Algeria (wli ere the mounds covering the sites of ancient 
villages are lixiviated for nitre), at Saragossa and Murcia in Spain, at Tacunga in 
' Ecuador, and above all on the tableland of Tamaragual in Peru, where an enormous 
formation of sodium nitrate is found. 

Chemical analysis has shown that nitrates are far more widely distributed than 
would appear from these instances of their marked production ; that, in fact, nitrates 
are generally to be found in all soils and porous rocks on the earth’s surface, and 
especially in fertile well-manured soils. The amount of nitrates present is extremely 
variable, depending not only on the nature of the soil, but still more on the immedi- 
ately preceding weather. Nitrates are found in maximum amount after long continued 
dry weather, when the "water of the subsoil has been brought to tlio surfaco by capillary 
att raction, and the salts hold in solution have accumulated there as the water evaporates. 
They are found in minimum quantity aftc-r heavy rain, by 'whicli they are washed out 
of the surface soil into the sub-soil, a part being in most cases permanently lost by 
drainage into rivers, and finally into the sea. The facts relating to the rise and fall 
of nitrates in a soil are of the greatest importance in practical agriculture, as plants 
derive their chief supply of nitrogen from the nitrates whicli the soil contains. A 
soil, or porous rock, may bo very rich in nitrates without yielding the efflorescence 
‘ characteristic of nitre-bearing strata; an efflorescence generally occurs only when 
” the nitric acid is combined with potassium ; the nitrate most commonly present in 
soil is nitrate of calcium, and this is too deliquescent in its nature to appear as a dry 
salt, even under favourable conditions of climate. 

The conditions under which nitrates may be formed in soil have been long known. 
The necessity of obtaining nitro^ for the mamifacture of gunpowder led to an early 
attention being given to the subject, and in most countries of continental Europe the 
artificial production of nitre has been*conducted on a large scale, and brought to con- 
siderable perfection. This manufacture is now superseded by the production of nitre 

means of the reaction between Peruvian nitrate of sodium and chloride of potas- 
sium. 

The earliest manufacture of nitre was simply by the lixiviation of old plaster, and 
of the earthen floors of stables, cottages, &c., wood ashes being added to convert the 
nitrate of calcium into nitrate of potassium. The actual production of nitre seems to 
have been first successfully accomplished by (llauber in the seventeenth century. 
Numerous investigations on the subject were made during the next century in Sweden, 
Germany, and France, the work being stimulated by the offer of large prizes by the 
respective govommonts for the best method of producing saltpetre. The various 
methods thus brought into use were quite similar in principle ; tlioy all aimed at ac- 
complishing in a more rapid manner, and on an exaggerated scale, the process by 
"Which nitre is naturally produced in soil. 

The materials used for constructing an artificial nitre bod consisted, in the first 
place, of a rich porous soil, that remaining from the lixiviation of a former bed being 
far superior to any other. To this soil were added limited quantities of farmyard 
manure, various kinds of animal and vegetable refuse, and wood ashes or calcareous 



1398 


NITRTITIOATION. 


matter ; straw was added, if required, to keep the mass porous, and the whole was 
watered with urine. In this first stage of the process no nitre is formed, putrefac- 
tive change being inimical to the production of nitrates; the object in view is simply 
to obtain a soil extremely rich in nitrogenous humic matter. 

Such a soil hfi ving been prepared, it is, on the French plan, formed into a long 
mound under a shed erected for the purpose. If the mound of soil is very large, 
aeration may be provided for by tunnels of open woodwork penetrating the mass at 
regular intervals; with ‘smaller heaps it is sufficient to stir the earth from time to 
time with a rake, or turn it with a spade. The watering of the earth is a matter re- 
quiring great judgment, a certain degree of moisture being most suitable for nitrifica- 
tion ; with an excess of water nitrification will cease altogether, while if the soil is too 
dry the nitrification proceeds but slowly. Urine may be used at first for watering 
the mass, but as the operation advances water only must be employed, and in 
diminishing quantity. At the end of two years from tlie formation of the mound 
the soil will bo ready for extraction : 1000 lbs. of the nitrified soil may be expected 
to yield 5 lbs. of crude nitre. , 

On the Grerman plan the prepared soil is built into thick walls, 6 or 7 feet high ; 
one side of the wall is plane, the other is disposed in gutter- shaped terraces ; each 
wall is roofed with straw. A series of these walls is arranged on an impervious 
terrjice, freely exposed to the weather. The earth is watered when necessary on the 
terraced side of the wall ; any drainage which may occur during heavy rain is col- 
lected, and applied to the earth in dry weather. As the earth becomes rich in nitre 
this salt tends to effloresce on the plane side of the wall ; this side is then from time 
to time scraped off, the earth thus removed is lixiviated, and returned with fresh soil 
to the terraced side of the wall. The production of nitre on this plan proceeds with 
tolerable regularity, and the walls gradually march across the terrace. 

The experience thus gained by practice revealed many of the conditions necessary 
for the production of nitrates in soil. For a soil to nitrify it must have — 1. Free 
access of air ; 2. A suitable amount of moisture ; 3. A suitable temperature (10®--26° 
according to Dumas) ; 4. The presence of a salifiable base, with wliifh the nitric acid 
might combine ; 6. The presence of nitrogenous organic matter, which must however 
have passed the first putre^’ctivo stage of decomposition. To these conditions we 
might perhaps add— 6. Darkness, — flight being necessarily excluded from the interior 
of a mass of soil. 

We must now turn to the various theories by which the process of nitrification has 
been explained. 

As nitre is continually found as an efflorescence upon the surface of the nitrifying 
matrix, it was assumed by the alchemists that nitre was of aerial origin, and this 
theory has been more or less held down to the present day. J. Davy, as the result of 
his examination of the nitre caverns in Ceylon, concluded that the nitric acid was 
formed from the nitrogen and o.xygea of tlio air. Longchamp fully enunciated this 
theory. He regarded the combination of the aljiiosphoric nitrogen and oxygen dis- 
solved in the water of moist porous bodies as the only source of nitric acid. De 
Saussuro and Proust also held that the* nitrogen of the air is oxidised to nitric acid 
during nitrification. Cldez, in his excellent lecture on nitrification {Logons de Chimie 
et de Physique yrofessees an 1861 a la Societe chimiqiie de Paris), considers tliat such a 
combination of nitrogen and oxygon is induced by the presence of other matter under- 
going oxidation, and believes that this oxidation of the nitrogen of the atmosphere is 
one of the sources of nitric acid in the nitrificatu)n of soil. 

A very similar theory Inis been held by many chemists to explain the nitrification 
of organic matter. The organic matter during its decomposition is considered to 
evolve nitrogen, and this in its ‘nascent ’ st-ite is oxidised by the oxygen of the air, 
which may be present in a condensed form on the surface of porous bodies. This 
explanation is the one given by llofmann {Exhibition Jieport, 1862, 47). 

The above theories have also been modified by the substitution of ozone for oxygen. 
According to Schonbein free nitrogen can bo oxidised by ozone into nitric acid. The 
same view has been held quite recently by S. W. Johnson. Ozone is assumed to be 
*jjtemed during the oxidation of the o^anic matter of the soil, this ozone then attacking 
the free nitrogen present and producing nitric acid. 

The truth or fallacy of the theories of nitrification wo have just sketched is of the 
greatest importance to practical agriculture, for if the nitrogen of the air can bo 
oxidised to nitric acid in the soil, it is cl^ar that wo have in nitrification an actual 
creation of plant-food. .Tlio weight of evidence is however apparently against the 
views just noticed. Nitrogen and oxygon certainly combine at a very high tempera- 
ture, as that given by the electric spark (Cavendish), or produced by heating platinum 
to its melting point (H. Davy), or by the combustion of hydrogen in oxygen ; but at 
somewhat lower temperatures, as that of hydrogen burning in air, no nitrous or nitric 
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acid is produced if the materials used are perfectly free from ammonia (L. T. Wright, 
Chem, Soc. J. 1879, xxxv. 42). Porous bodies also appear to be without effect in 
inducing the combination of nitrogen and oxygen. Neither charcoal (L. II. Wood) nor 
spongy' platinum (Kuhlmann) is capable of bringing about the combination of oxygen 
and nitrogen, even at a high temperature. Ozone also appears incapable of oxidising 
nitrogen. Lawos, Gilbert and Pugh found that no nitric acid was produced by passing 
ozonised air for several months over alkaline pumice. Carius has also recently shown • 
that ozone is without effect on gaseous nitrogen. A further proof that the nitrogen 
of the atmosphere takes no part in the process of nitrification is afforded by one of the 
experiments of Boussingault (Compt. rend. Ixxvi. 22). He determined the total 
amount of nitrogen in a soil rich in humic matter, and then placed two weighed 
quantities of this soil, one mixed with a small quantity of cellulose, in largo glass 
vessels containing an abundant excess of air ; the vessels were then closed and kept 
in a cellar for eleven years. At the end of this time the contents of the vessels were 
analysed. The soils had in each case fcirmod a large amount of nitric acid, but the 
total nitrogen, determined by combustion with oxide of copper, was found to have 
somewhat diminished ; the nitrogen of the air had thus not entered into combination. 

The second group of theories we have to notice regards the oxidation of ammonia 
as the source of the nitric acid formed in soil. This view was partly held by several 
of the older chemists, but was first strongly insisted upon by Kuhlmann. Ho proved 
by many experiments with powerful oxidi.siDg agents that ammonia might readily be 
converted into nitric acid, and concluded that by the action of the porous bodies con- 
tained in the soil the oxidation of ammonia might bo effected and nitric acid produced. 
This simple explanation of tlio phenomenon has been held by some down to the present 
day. Thus Deh^rain (Wiiitz, Diet. Ctdm. ii. 564) regards the formation of nitre in the 
walls of stables as dun to the simple oxidation of the ammonia vapours in the porous 
brickwork. This theory has also been modified by assuming that the oxidation is 
induced by the disposing influence of other oxidising actions, and by the substitution 
of the action of ozone for that of the oxygen of the air. A further modification of the 
above tlieory regards ferric oxide as the agent for the conversion of ammonia into 
nitric acid. The latter viowhas been held by P. Tlienard, Knop, llaarstick, andPesci. 
On the whole, the explanation of nitrification as due to ilu5 oxidation of ammonia has 
been perhaps tlio opinion most generally ln*ld by modern chemists. 

Respecting this group of theories it W’ill suffice to stjite that the oxidation of am- 
monia by ozone has apparently been established by Baumert , Houzeau, and Carius 
{JAchiff^s AnnalcUf clxxiv. 31), but that there is very little evideneo of tlio production 
of nitric acid from ammonia liy the action of the oxygen of the air at ordinary tem- 
peratures. The power of frrric oxide to convert ammonia into nitric acid is denied by 
Millon and Storor. 

Though, however, the oxidation of ammonia has not been satisfactorily accom- 
plished in the laboratory, save by means of powerful reagents, or at high temperatures, 
there is no doubt tliat ammonia is rapidly oxidised in a fertile soil, and that this 
oxidation of ammonia is a considerable cause of the production of nitric acid. An ex- 
cellent illustration of the oxidation f»f ammonium salts by soil is afforded by the 
analyses of the drainage waters from the experimental wheat field at Rothamsted. 
The following table shows the composition of the drainage water running from the 
plots of this field immediately before and immediately after the application of ammo- 
nium salts. The simmonium salts were applied between March 10 and 13, 1879. 


Nitrogen^ existing as Nitrates, per million of Drainage water. 


Date of running 

Plots with no ammonia 

Plots receiving 400 lbs. ammonium salts 
per acre 

8& 4 

5 

16 

17 

7 

10 

11 

12 

13 

14 

18 

February 16 . • 

April 7 . • H « 

3-4 

3-6 

3-7 

2*9 

4*2 

3-6 

3-3 

2-3 

3-5 

39-0 

5-2 

45-4 

4-8 

41-8 

41 

25-4 

3-8 

29-4 

4-8 

330 

4-2 

40*4 


On February 16 the proportion of nitric acid in the d 3 >»ln-water is uniformly low 
throughout the plots. At the next running of the drain's the plots which h^ re- 
ceived no ammonium salts have somewhat diminished f heir yield of nitrates, while in 
the case of those plots receiving ammonium salts in the interval the proj^ortion of 
nitrates in the drainage water has enormously increased. This loss of nitrates by 
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drainage is a serious cause of diminished fertility to the soil. Further striking 
illustrations of the oxidation of ammonia by soil will be found in Frankland's ex- 
periments on the intermittent filtration of sewage {Rivers' Pollution Commiseion^ 1868, 
First Beport, p. 60). 

Besides the oxidation of free nitrogen and of ammonia, it has naturally been 
assumed that tlie oxidation of nitrogenous organic matter is a further source of nitric 
acid. The organic matter has been supposed either to yield in the first place nascent 
nitrogen or ammonia, and these to be subseqtiently oxidised, or the organic nitrogen 
has been regarded as directly converted into nitric acid. The production of nitrates 
by the action of alkaline permanganate of potassium on nitrogenous bodies has been 
held to support the latter view. That nitrogenous organic matter does contribute to 
the formation of nitrates in soil there can be no doubt. In some of Boussingault’s 
experiments {Compt. rend, Ixxxii. 477) per cent, of the nitrogen of rape cake, and 
90 per cent, of the nitrogen supplied as horn filings, were converted into nitric acid 
after mixture with soil. 

The theories explanatory of nitrification just reviewed have satisfied many 
chemists. Cldez, writing in 18G1, says: ‘The question of nitrification appears to me 
to be at present completely elucidated.’ The facts however would be more truly stated 
by saying that chemists had entirely fiiiled, when working with pure substances. in 
the laboratory, to produce nitric acid under the conditions known to occur in soils. 
Boussingault truthfully sums up his own work by saying * It is remarkable that in a 
very large number of experiments made with the view of nitrifying nitrogenous sub- 
stances, I have never been able to discover the least production of nitric acid in the 
absence of vegetable earth.’ 

We turn now to the latest theory of nitrification, which holds that the oxidation 
of ammonia and of organic nitrogen in the soil is the work of a living organism. 

The first suggestion of the possibility of such an explanation was made by Pasteur 
in 1862. The oxidation of alcohol to acetic acid by the agency of mycoderms appeared 
to him sufficiently analogous to the phenomena of nitrificiition to call for a fresh study 
of the s^^bject from this point of view. An opinion of the same character was ex- 
pressed by A, Muller in 1873. Ho observed that the ammonia of sewage, and of 
certain impure well waters, o^ten changed spontancou.sly into nitric acid, while similar 
solutions of pure ammonium salts and urea remained unchanged; he suggested that 
the first-named liquids probably contained a ferment which was absent from the pure 
solutions prepared in the laboratory. 

To Schloesing and Miintz belongs the credit of establishing this hypothesis by 
experiment ; their first paper on the subject {Compt, rend. Ixxxiv. 301) was published 
early in 1877. They found that sewage might be slowly filtered through a porous 
column of pure sand and limestone without nitrification at first taking place ; after 
twenty days nitrification set in, and the ammonia of the sewage was after this time 
entirely converted into nitric acid. On allowing chloroform vapour to pour on the 
surface of the column of sand and limestone, nitrification was wholly suspended, and 
did not recommence during seven weeks after the chloroform had ceased to be applied. 
The surface of the column was then seeded by the addition of a little vegetable earth 
known to nitrify with ease ; the result was that nitrification of the sewage at once 
recommenced as strongly as before. The evidence is hero of two kinds — first, the 
oxidation of the ammonia was entirely prevented by chloroform, which, as Miintz had 
previously shown, suspends the’action of all organised ferments - second, the oxidation of 
the ammonia was induced by adding to the porouu column a few particles of vegetable 
soil. In a second paper {Compt. rend. Ixxxv. 1018), Schloesing a. Miintz show that 
heating soil to 100^ destroys its capacity for nitrification. If soil is heated to 100®, 
or treated with chloroform, and then exposed to pure air in a moist state, carbonic 
acid and ammonia are proilucovl, but no nitrates. Nitrification can however be again 
started by the addition of a little unheated earth. A porous medium is also not 
necessary for nitrification ; sewage, or a weak solution containing ammonium salts, 
sugar, and cinereal matter, may be nitrified by passing over polished pebbles, if a little 
Tegetoble earth be added as seed. 

Between the publication of the two papers just mentioned the investigation of the 
subject was commenced at Bothamsted {Chem. 8oc. J. 1878, xxxiii. 44) ; the results 
were entirely confirmatory of the ferment theory of nitrification. Moist garden soil 
contained in glass tubes was exposed to a current of washed air for several weeks, the 
air in some cases bearing the vapour of chloroform, bisulphide of carbon, or carbolic 
acid. With washed air alSne the proportion of nitrates in the soil increased to five 
or six times its original amount, while where chloroform or bisulphide of carbon vapour 
was introduced no nitrification took place ; the carbolic acid also hindered nitrifica- 
tion, but being retained by the upper portion of the moist soil its action was less 
considerable. A further set of experiments was made with a weak solution of chloride 
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of ammonium, containing about 80 mg. per litre, with small quantities of tartrate and 
phosphate of potassium, and some precipitated carbonate of calcium. Two bottles of 
this solution wore placed in a window, and two in a dark cupboard, one of each set 
being seeded by the addition of a little pasture soil. After three months it was found 
that the unseeded solutions remained unchanged, the seeded solution in darkness had 
completely nitrified, while the corresponding solution in daylight contained no nitric 
acid. The conclusions of Schloesing and Miintz were thus entirely confirmed, and the 
additional fact made known that light is inimical to the work of the nitrifying 
organism. 

This previously unsuspected action of a living organism throws great light on 
many of the earlier attempts to produce nitrification ; former experiments resulting in 
the production of nitric acid are now clearly valueless as proof of the inorganic 
character of nitrification, unless the conditions of the experiment were such as to pre- 
clude the existence of living organisms. 

The evidence on which nitrification in soil and waters is attributed to the action of 
an oiganised ferment has been fully stated, the subsequent results obtained by 
Schloesing and Miintz {CompL rend. Ixxxvi. 892 ; Ixxxix. 891, 1074) and at Botham- 
stod (Trans. Chem. Soc. 1879, 429) may be more briefly noticed; the subject is still 
but incompletely investigated. 

The precise nature of the ferment has been sought for by the French experimenters ; 
they found that Tenicillium glaucim^ Aspej'gillus niger^ Muccr mucedo and rojcemosus^ 
and Mycodenna vini and aceti are all incapable of producing nitric acid. The results 
obtained at Bothamsted also show that the ordinary forms of Bacteria contained in the 
atmosphere are also incapable of effecting nitrification. 

Schloesing and Miintz in ono of their later communications describe the organism 
which acts as the nitrifying ferment. They obtained it in a pure condition by system- 
atic cultivation. In the first place a sterilised solution (consisting either of sewage, 
or of artificial mixtures containing ammonium salts with organic and cinereal matter) 
was seeded by the addition of a few particles of vegetable earth. When nitrification 
was accomplished a fresh solution was seeded from that just nitrified. By proceeding 
thus a number of times the nitrifying organism was separated from the numerous other 
organisms confined in soil. 

The organism thus isolated consists of extremely minute, round, or slightly 
elong«'ited corpuscles, existing cither singly or joined in couples; it is of slow growth, 
and multiplies apparently by budding. It thus apparently belongs to the groat 
bacteria family, the different members of which effect, as is well known, such powerful 
and divers clianges in organic matter. In Cohn’s classification it would probably be 
described as a Micrococcus. The nitrifying organism is not easily distinguishable 
from other organisms of the same class. 

The nitrifying bacterium is abundant in soils ; it is rare to find a particle of arable 
soil which is not effective as seed. It is also found abundantly in sewage, but only to 
a small extent in running water; in the latter it is found attached to the surfaces of 
solid bodies, and collects at the bott^)m of the ve.ssel when the water is allowed to 
stand. Air and rain are apparently, as a rule, free from this organism. 

One of the characteristics of the nitrifying organism is the comparative ease with 
which it mjiy bo destroyed by heat ; Schloesing a. Miintz found exposure to 90° 
suflficiont for this purpose. Dcsiccjition, according to the French experimenters, also 
destroys the organism, even when the drying is conducted at ordinary temperatures ; 
soil may thus lose all power of nitrification by drying at the temperature of the air. 
^ng deprivation of oxygen is also fatiil. In mediums rich in organic matter mucor 
is the chief enemy to nitrification, and until this fungus has run its course, no nitri- 
fication will occur. 

The investigations at Bothamsted on the conditions under which nitrification occurs 
were made with solutions of ammonium chloride, containing phosphates, and generally 
potassium tartrate ; the solutions were placed in wide-mouthed pint bottles filled to 
the shoulder, giving thus at starting a depth of about 5 inches of fluid ; the solutions 
were seeded with a small quantity of a solution already nitrified, and generally placed 
in the dark. The conclusions arrived at were as follows. 

A solution of suitable composition will not nitrify when seeded if no salifiable 
base be present. A trace of nitrous acid may be formed, but the action soon comes to 
an end. If a salt of an organic acid is present, as, for example, a tartrate, nitrification 
will proceed slowly in proportion as the organic acid is consumed by the organisms 
present and the base set free. Active nitrification was drained only in presence 
of calcium carbonate. The nitric fermentation is in this respect analogous to the 
lactic and butyric. Alkali carbonates, including carbonate of ammonium, are, accord- 
ing to Schloesing a. Miintz, equally capable of assisting nitrification, but if they 
amount to more than two or three thousandths of the solution, they retard or com- 
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pletely arrest the action. Boiissingault, in his experiments 'with soil, did not find 
that the addition of lime increased the rate of nitrification ; the soils he employed were, 
however, never quite free from lime, and the quantity artificially added possibly 
produced an excessive alkaline condition. 

The presence of organic carbon should be essential for nitrification if this process 
is really a function of the growth of an organism of low chametor. Besides the humic 
matter of soil, tartaric acid and sugar have been found effective as organic food ; 
alcohol, glycerin, and albumin were also found suitable by the French experimenters. 
The minimum proportion of orgfiriic carbon required has not yet been ascertained, but 
3 pts. of carbon present as tartrate have proved sufficient for the nitrification of 10 pts. 
of nitrogen present as chloride of ammonium. 

Light certainly hinders nitrification ; in many experiments light has stopped the 
action altogether, and in others retarded it. The nitrifying organism is not appa- 
rently killed by exposure to light. 

The addition of a small quantity of seed to a suitable solution is not immediately 
followed by nitrification ; a period of inaction follows, which is shorter at high tem- 
peratures than at low ones. Thus in the case of 400 c.c. of an 80 mg. per litre chloride 
of ammonium solution, seeded with 1 c.c. of a solution already nitrified, nitrification 
commenced in about thirty-eight days at 7°, and in about ten days at 30°. An 
increase in the concentration of the solution considerably lengthens the period of 
inaction ; in a solution of about eight times the unit strengtli, the preliminary period 
of rest was about doubled. 

The limits of temperature within which nitrification will take place are, as at 
present ascertained, as follows. At Rothamstod a purely nitrqus fermentation has 
proceeded with some briskness in very weak solutions at 3°, while a nitric fermentation 
in a similar solution almost ceased at 6°. Below 6° Schloosing a. Miintz found 
nitrification to be excessively fef 3 ble; at 12° they state it begins to be active. 
Activity rapidly increases with a further rise of temperature, reaching a maximum at 
37°, at which point nitrification is ten times more rapid than at 14°. Above 37° the 
rate df action rapidly diminishes, and at 45° nitrates are formed less rapidly than at 15°. 
At 50° very litllo nitrate is produced, and beyond 55° tliere is absolutely no action. 
These determinations of Sichlocsing a. TMiintz differ from the results obtained at 
Rothamsted, where no nitrification was obtained at 40°, though the solutions were 
kept fifty-four days at this temperature and twice seeded. Tlie experiments of 
Schloesing a. Miintz -were apparently made with thin layers of solution, exposing a 
largo surface to the air ; at Rothamsted the solutions had a considerable depth and 
small surface ; it seems possible that the supply of oxygon was in the latter case 
insufficient for the requirements of a high temperature. 

In experiments made at various temperatures at Rothamsted, the rate of nitrifica- 
tion did not increase so rapidly with the rise in temperature as found by the French 
investigators. Thus with an 80 mg. solution of ammonium chloride, nitrification 
occupied Jihout thirty-seven days at 11°, and about eight days at 30° At a fixed 
temperature the length of time required for complete nitrification appears to vary 
almost directly with the degree of concentration of the solution. 

The rate of nitrification is not uniform throughout its course ; it appears to com- 
mence slowly, gradually attains a maximum of energy, and then becomes slow again 
towards the conclusion of the action. 

The product of nitrification is not uniform, sometimes nitrous, and sometimes nitric 
acid being produced. Nitrites are produced rarely in soil but frequently in liquids ; 
according to the French observers, their occurrence is determined by an insufficient 
degree of aeration, or by the temperature being too low. They state that a thin layer 
of liquid (1 or 2 mm.), will yield nitrates, and a thicker layer nitrites. The experience 
at Rothamsted has been of a different kind ; a purely nitric fermentation has been 
obtained only in the CAse of weak solutions nitrified at low temperatures ; in the case 
of strong solutions or high tempenitures, nitrous acid was chiefly, if not entirely, 
produced, and was afterwards converted into nitric acid at the end of the reaction. 
In some cases, however, depending on the character of the ferment used, the result of 
the action has been merely nitrous acid, even in the case of ci)ld dilute solutions ; and 
in these cases the nitrous acid is permanent, and is not afterwards changed into nitric. 
The original ferment obtained from pasture soil yield.s a purely nitric fermentation 
under suitable conditions ; but when nitrified solutions which have been long kept 
are employed as seed, the phenonaena just mentioned may occur. Thus it is quite 
possible to seed two pijjcisoly similar solutions with two samples of ferment, and 
place the solutions under the same conditions as to temperature and aeration, and to 
obtain in one case a purely nitric, and in the other a purely nitrous fermentation. 
The altered ferment is capable of converting ammonia into nitrous acid, but not of 
converting nitrites into nitrates. 
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Actual experiments with a solution of potassium nitrite have shown it to be very 
permanent in the absence of a ferment, to be unaiFected by the altered ferment just 
mentioned, but to be rapidly converted into nitrate by the addition of a few drops of a 
solution in which nitrites have lately changed into nitrates. The conversion of potas- 
sium nitrite into nitrate took place only in the dark. 

The whole of the ammonia present in a solution has not been obtained as nitric 
acid, a small part of the nitrogen passing into organic combinations, or being otherwise 
lost. On an average of ten experiments, under different conditions of temperature, 
the nitrogen obtained as nitric acid was 937 per cent, of that taken as ammonia, but 
this result is probably somewhat too low. 

Besides the papers already referred to, two papers by Schloesing {Compt. rend. 
Ixxvii. 203, 363), treating of nitrificalion in soil with a limited supply of oxygen, and 
of the destruction of existing nitrates when oxygen is withheld, may be consulted with 
advantage. 

E. W. 

WZTRXXiS, E — C=N. Normal Alcoholic Qyanides. — Tlioso compounds are easily 
and completely converted into compound others by the action of gaseous hydrogen 
chloride on their solutions in absolute alcohol ; still moro readily by the action of 
sulphuric acid. In this manner the cthylic ethers of acetic, propionic, and benzoic 
acids are readily obtained (JJcckurts a. Otto, Her. ix. 1590). 

Vreparation of Aromatic Niirils. — Experiments by K. Scbclnberg {Her. x. 
746) on the preparation of these bodies have led to the following conclusions : (1). The 
haloid compounds of aromatic hydrocarbons react directly with metallic cyanides. 
(2). Nitrils may bo prepared from hydrocarbons and cyanogen gas by direct substitu- 
tion. (3). Nitrils cannot bo prepared from hydrocarbons and the cyanides of the 
halogen-elements, the reaction yielding nothing but haloid compounds of the hydro- 
carbons and hydrogen cyanide. 

The experiments were made by passing the vapours of the haloid compounds in a 
slow stream ovesr finely pulverised Auhydroxis forocyaniile of potamum, mixed Vi th a 
quantity of sand sufliciont to prevent melting down, and heated to moderate redness. 
In this manner, chloro- and bromo-henzene yielded bouzo.»;itril, C“IP.CN (at a higher 
temperature, however ; and especially when a gun-barrel was used insi ead of a glass 
tube, ammonium cyanide and bonzono were formed, with separation of carbon) ; </*- 
hromohenzem yielded a small quantity of bonzonitril, together with the nitril of 
terephthalic acid. A mixture of ortho- ami para-chloro-tolucne yielded t he corresponding 
nitrils, convertible into o- and ^-toluic acid ; and hrornonaphthalenc at a high tem- 
perature yielded a- naphthyl cyanide. It was only in this lastcasc that the yield 
of nitril was satisfactory ; the smallest quantity was obtained in the case of the toluene 
compounds. 

Aromat ic nitrils were also produced by heating the corresponding halogen-com- 
pounds with excess of metallic cyanide, to 300°-400° in sealed glass tubes, small 
quantities of ammonia and hydrocyanic acid being also generally formed as secondary 
products, and in many cases cyanogen gas. Under these circumstances, pota.mnm 
ferrocyanide acts but slowly on chloro- or bronio-benzene^ only 20 -22 per cent, of the 
theoretical amount of benzonitril being obtained after ten hours’ heating. Crystallised 
hromoiolnmc is but very slowly attiicked by p)tassinm ferrocyanide ; hromohcnzcnc 
and potassium cyanide yield a smaller amount of nitril than bromobeiizeno and the 
ferrocyanide ; chlorohmzme and cyanide of lead yielded only a small quantity of 
bonzonitril (6*6 per cent, of the theoretical amount), a similar amount was obtained 
with lead cyanide and bromo-hmzene^ and still smaller amounts by the action of lead 
cyanide on paralyromotoluene and bromonaphthalem. Silver cyanide (mixed with 
common salt to facilitate its pulverisation) acts on the halogen-compounds above 
mentioned in the same manner as lead cyanide. loddbenzme and silver cyanide, 
heated together for ton hours, yielded a qujintity of benzonitril from which 26 ’8 per 
cent, of the theoretical amount of benzoic acid was obtained ; paraiodoioluene is less 
easily attacked; orthoiodotoluene behaves like iodobenzene. lodomphthalcne (pre- 
pared by the action of iodino dissolved in carbon sulphide on mercury-diiiaplithyl) 
yielded with silver cyanide at 350° largo quantities ot a - n a p h t h o n i t r i 1. Henzene^ 
toUieney and naphthalene^ heated with mercuric cyanide to 300°-400°, yielded small 
quantities of the corresponding nitrils. 

Benzene-vaponry mixed with excess of (^lanoycn gas and slowly passed through a 
red-hot tube filled with fragments of pumice, yieldcsd, with pi'tssic acid, large quantities 
of benzonitril and small quantities of torephthalonitril ; a small quantity of diphenyl, 
and apparently also of metadicyanobenzeiio, was formed at the same time (Scholnberg). 
Naphthalme s\m\\aT\y treated, yielded largo quantities of o-cyanonaphthalene; 
the a-naphthoic acid prepared therefrom melted at 160°. Benzene and cyanogen 
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hromidet heated together for five or six hours to 220^-240°, are converted partly into 
hydrogen cyanide and bromobenzene, parti}* into unctuous masses ; naphthalene 
and cyanogen bromide yield in like manner bromonaphthalenoi boiling at 276^> 
Limethylaniline and cyanogen wdide act on one another at ordinary temperatures with 
evolution of heat, forming hydrocyanic acid and monoiododiraethylani line, 
melting at 79®. 

Reaction of Nitrile with Aldehydes. — When hensonitril is added, with 
a^tation, to sulphuric acid containing 1-1 ^ percent, paraldehyde, ethylidene- 

dibenzamide, C11*.CII(NI1C0C®1I*)“, is produced; aud in like manner benzonitril 
and chloroi yield trichlorethylidenedibenzamide, CCRCH(NHCOC®H*)®. 
When benzonitril (2 mols.) is diluted with an equal volume of chloroform^ the mixture 
treated with strong sulphuric acid, and methylal (1 mol.) added, methylene-di- 
benzamide, CH2(NHCOC®H^)*, is produced (llepp a. Spiess, pp. 758, 1313). 

Methylenediphenylacetamide, CH*(Nn.CO.CH*.C*H®)*, is obtained by 
heating 1 mol. methylal and 2 mols. a-tolunitril or benzyl cyanide, C®H*.CH*.CN, first 
with a mixture of equal volumes of glacial acetic acid and strong sulphuric acid, after- 
wards with sulphuric acid alone, and pouring the product into water. It forms small 
needles which melt at 205®, distils almost without decomposition, is nearly insoluble 
in water, dissolves very sparingly in ether and in ligro’in, more readily in carbon 
sulphide, somewhat abundantly in boiling alcohol and glacial acetic acid. By heating 
with hydrochloric acid or alcoholic potash, it is converted into phcnylacetic acid ; with 
dilute sulphuric acid and manganese dioxide into phenylacetamide (Hepp, Ber, x. 
1649). 

Trichlorethylidene-diphcnylacetamide, CCl*.CH(mCO.Cn2.C®H';)*. 
obtained by similar treatment from benzyl cyanide and chloral, forms small white 
needles, which sublime before melting, and are as soluble as the preceding compound 
in the liquids above mentioned. In like manner are prepared trichlorothylidene- 
diacctamide from chloral and acetonitril, and trichlorethylideno-dibenzamide from 
chloral and benzonitril (p. 758, Hepp a. Spiess). 

XrZT&OBEirZXX.li, C'®H«(NO'0O2 This compound, treated with tin or zinc 
and hydrochloric or acetic acid, is reduced to amidobenzile, C**H’'(NH*)0*, which 
crystallises in needles, melts at 94®, and dissolves in 300 pts. of boiling water, very 
easily in alcohol. The sulphate and oxalate are sparingly soluble and crystallise in 
needles ; the hydrochloride, which is the most soluble of the salts, crystallises in 
rhombic laminae having a silvery lustre. The platinochloride is unstable. 

irZTROBSXrZOXrAPBTBTXiiiMZDE. 8ee Naphthtlamines. 

XrZTROBEZrZOBZTBZX.. Sec Benzonitrit. (p. 306). 

RZTROBEVZOTE, C®H*(NO*)0. This name is given by Lippmann a. Hawliczek 
{pent. Chem. Ges. Ber. ix. 146) to a substance having the composition of nitrobenzoic 
aldehyde, and occurring in the oil which is formed, together with solid inetanitro- 
benzoic aldehyde (p. 303), by the action of a mixture of nitric and sulpliuric acids on 
bitter almond oil. It is converted by oxidation into benzoic and nitric acids, and 
therefore probably contains the nitro-group in the side chain : 

C®H».CO(NO*) + 0 + H*0 = C*H».COOn + N02.0H. 

In accordance with this view of its constitution, it does not exhibit the characters 
of an aldehyde, and may be separated from admixed bitter almond oil by means of 
sodium sulphite. It is decomposed by distillation, even under a pressure of 6 lines. 

RZTROBROXIZACETAirZZiZBES. See Bbomanilines, under FhentlamineS. 

XrZTROBROMARZZiZM'ES. See Benzenes (Nitrobbomamido-), p. 199. 

irZTROBVTAXZE. See Nitrofaraffins, under Paraffins. 

zrZTROCARBOZif syn. with Nitromethanb. See Paraffins. 

ZTZTROCOEOPBTBAEZW. See Colophtualin, under Kesins. 

BZTROCREBOBBUXiPBOBZO ACZO, G®H2(N02)(CH®)(0H).S0®H. See 
Cresolsulphonic Acids (p. 583). An acid of this composition is formed, with evolu- 
tion of nitrogen, by the action of a gentle heat on nitrodiazotolufmesulphonic acid. 
(See Toluenesui.puonic Acids.) 

BZTROBTBABE. See Paraffins. 

BZTROOEW. OnTtho Quantivalence of this Element, see Ammonium Salts 
(p. 74). 

Occurrence,— ’Srom H. Draper’s observations on the solar spectrum {^Sill. Am, J, 
[3], xiv. 89), it appears probable that nitrogen exists in the sun. 
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On the occurrence of Nitrogen in Volcanic Gases, see Volcanos. 

Preparation^ — In the preparation of nitrogen by the usual method from ammonium 
nitrite (iv. 63), W. Gibbs (Bout. Chem. Gee, Bor, x. 1387) recommends that the 
solution of sodium nitrite and ammonium sulphate be mixed with a strong solution of 
potassium dichromato and heated ; the nitrogen is then given off with effervescence 
and quite free from oxygon-compounds. 

On the effect of the Silent EUctrio Discharge on Nitrogen in presence of Water- • 
vapour, see ELBCTaiciTV (p. 727) ; also on the oxides N*0 and NO (p. 728). 

On the Befractive and Dispersive Power of Nitrogen and its Oxides, see Light 
(p. 1183). On the Spectrum of Nitrogen, see Sprctbal Analysis. 

On the Friction-coefficient of Nitrogen and its Oxides, see Gases (p. 851 ; com- 
pressibility, p. 853). 

The Expansion-coefficient oi Nitrogen, according to the experiments of Ph. Jolly 
{Pogg» Ann, 1874, Jubelbd. 82) is 0 0036077. 

On the Liquefaction of Nitrogen, see Gases (p. 857). 

Absorption. — Experiments on the absorption of nitrogen by the black decomposition- 
products of carbohydrates have been made by D^h^rain {Cornpt, rend. Ixxvi. 1390). 
The substances experimented on were mixtures of glucose and ammonia, glucose and 
caustic soda, moist sawdust mixed w'ith lime, old vegetable soil, &c. A mixture of 
10 grms. glucose and 40 g. caustic soda absorbed from the air 0‘115 g. nitrogen, and 
from a stream of pure nitrogen 0'072 grm. In these experiments, the oxygen of the 
air was found to be converted into carbon dioxide, but the nitrogen had entered into 
combination in such a manner that the substances afterwards gave off ammonia when 
heated with soda-lime. This absorption of nitrogen takes place oven at ordinary 
temperatures, and is probably of some importance in the nutrition of plants. 

According to A. Pagel {JDingl. pol. J. ccxxv. 308) humus-substances do not absorb 
nitrogen from the air. llcrthelot finds that under the prolonged influence of feeble 
electric tensions, such as may bo produced by a voltaic battery with its poles uncon- 
nected, certain non-nitrogenous organic bodies are capable of absorbing nitrogen ; and 
he thence infers as probable that the tissues and organs of plants under the influence 
of atmospheric electricity may take up nitrogen from, the air and assimilate it as 
nutriment {Compt. rend. Ixxxv. 173). See also Elkctricity (p. 728). 

On the Absorption of Nitrogen by Iron^ see p. 1113. 

Oxidation. — On the direct oxidation of nitrogen to nitrous and nitric adds^ see 
Berthelot (CompU rend. Ixxxiv. 61). 

On the Heat of Oxidation of NUrogent see Heat (p. 952). 

Estimation of Nitrogen in Organic Compounds . — Considerable discussion has taken 
place respecting the relative accuracy in the estimation of nitrogen attainable by Will 
a. Varrontrapp’s method of combustion with soda-lime, and by the method of combus- 
tion with copper oxide and collection of the nitrogen as gas, in the manner recom- 
mended by Dumas (i. 242). Accoi'ding to the majority of chemists who have published 
their experience of the two methods, the soda-lime process, when applied to substances 
which are difficult to burn, such as albuminoids, meat and other animal matters, or to 
those in which the proportion of nitrogen is small, as in milk-residues, nninures, &c., 
gives results lower than those which are obtained by the process of Dumas. (See 
Nowak, Wien. Akad. Ber. [2 Abth,], Ixiv. 359-376 ; Seegen a. Nowak, J. pr. Chem, 
[2], vii. 200; Zeitschr. anal. Cherfi. 1874,460; Kessler, PA«m. e/l Trans. [3], iii. 
328; llobierre, Compt. rend. Ixxx. 960; Musso, Gazz. chim. ital. 1876, 391, and 
Zeitschr. anal. Chem. 1877, 406.; C. Liebermann, Liehifs Annalen^ clxxxi. 103.) 
According to Marker, on the other hand {Zeitschr. anal. Chem. 1875, 325), the errors 
in the estimation of nitrogen in gluten and meat by the soda-lime method are insigni- 
ficant, provided the analysis bo condmjted carefully and with soda-lime free from 
magnesia. Eitthausen also {J. pr. Chem. [2], viii. 10) finds that this process gives 
results quite equal in accuracy to those obtained by Dumas* method, provided the 
substance bo finely pulverised and the ammonia be determined, not by titration, but 
by precipitation as platinochloride. (See also Krousler, Ber. vi. 1407 ; Jahresh. f, 
Chem. 1873, 916.) In the estimation of nitrogen in horn, leather, and wool-refuse, 
E. A. Grote {Ber. xi. 1558) recommends that the substance bo dissolved in warm 
concentrated sulphuric acid before heating with soda-linic, the results thus obtained 
being higher than those given by the ordinary process. 

A modification of Dumas’ method is described by A. Diipri {Bidl. Soc. Chim. [2], 
XXV. 244), and a modification of Maxwell Simpson’s apparatus (i. 243) by W. Hanko 
{Ber, xii. 461 ; Chem, Soc. J. xxxvi. 664). 

Nitrogen Iodide is formed on adding iodine to white precipitate in presence of 
alcohol ; but the reaction may be prevented by the addition of a small quantity of 
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phoDol (0. Rico, Tharm. J, Trans. [3], vi. 766). According to Champion a. Pellet 
{Bull. 8oc. Chiin. [2], xxiv. 447), nitrogen iodide explodes in contact with chlorine or 
bromine. 

MTTROOSW OXXDSS. Formation. — Elaborate experiments by Carius 
{Liebig's Annalen, clxxxiv. 1, 31 ; Lent. CJtem. Ges. Bet. vii. 1481) have shown that, 
contrary to the generally received opinion, free nitrogen is not oxidised by ozone in 
presence of water, either at ordinary or at higlier temperatures (120”-210"), no acids 
of nitrogen being formed in any case. The alleged formation of ammonium nitrite by 
the evaporation of water or the condensation of aqueous vapour in air was tested by 
causing purified air to stream through w'ater in a retort heated to ttnnperatures ranging 
from 15°-100° ; but not the least trace of a nitrogen-acid was formed, even though 
each experiment was continued for several days. 

Schdnbein found (1849) that lime-water through which a mixture of nitrogen and 
ozonised oxygen has been passed contiiined oxygcn-acids of nitrogen. Berthelot, how- 
ever, points out that lime-W'ater prepared from ordinary lime contains appreciable 
quantities of calcium nitrate. To avoid this source of error, lie passed the same 
gaseous mixture through pure baryta-water, and found that not a trace of nitrous or 
nitric acid was produced. On the other liand, he confirms the observation of Schonboin 
that nitrous acid is formed during the slow oxidation of phosphorus in the air {Comj^t. 
rend. Ixxxiv. 61). 

The experiments of Carius have rendered it probable that a principal source of the 
formation of nitrogen oxides is the oxidation of ammonia by ozone. Electrolytic oxygen 
containing from 2 to 3-5 v. p. c. of ozone passes through ililutc aqueous ammonia for 
the most part unaltered, appearing, indeed, not to be absorbed by. it more than by 
pure water. If, however, the solution bo very dilute (1 : 2500), a thick white cloud 
forms above the liquid, consisting of products of oxidation mixed with excess of ozone ; 
this cloud is especially thick with somewhat stronger ammonia, and disappears only 
when the ammonia is extremely dilute. The best mode of proceeding is to pour a 
solution of 0*02 to 0*03 grm. ammonia in 60 c.c. of water into a narrow glass 
cylindriVjal vessel, the neck of which forms a narrow glass tube 0*6 mot. long, so that 
the absorption may be promoted by the long column of liquid and the drops of w*ater 
in the long neck ; it is also# favoured by cooling with ice. Nevertheless, such an 
experiment requires the continuation of a stream of richly ozonised oxygen (evolved 
by 12 to 16 Bunsen’s cells) for twenty to thirty hours, inasmuch as the grejiter part 
of the ozone passes through unaltered. In this manner a solution is obtained which 
is mostly very faintly alkaline, but sometimes neutral or even slightly acid. 

Numerous and exact experiments have .shown th.at this solution contains nitrous 
acid, nitric acid, and hydrogen dioxide. The formation of the nitrous acid and 
hydrogen dioxide may bo represented by the equation : 

2NU» + 20* - NO^CNH^) + WO\ 

That of ammonium nitrate may bo explained in various ways : (1). By a simul- 
taneous further oxidation of the nitrite by the ozone. (2). By the action of hydrogen 
dioxide on the nitrite. (3). On the assumption that tho oxidation of the ammonia 
partly takes place according to the equation : 

2NH» + 20* = NO»(NH<) + H*0. 

The second explanation is perhaps tho most probable. Carius was of opinion that the 
oxidation of ammonia by ozone is perhaps the mos(. important natural source of nitrous 
and nitric acids. Tho modes of formation of these acids in nature established by 
experiment are, according to Carius’ investigations, tho following : 

a. From Free Nitrogen. 

(1) . By electric discharge in the air. 

(2) . By oxidation of other bodies in the air. 

h. Oxidation of Ammonia,. 

(1). By electric discharge. 

f2). By the presence of so-called alkaline substances. 

(3) . By ozone. 

The efficacy of ozone as an oxidiser of ammonia (whereby nitrous acid, nitric acid, 
and water are produced) was also noticed ^by Goppelsroeder {J.fr. Ckem. 1871, [2], 
iv. 139,383). On the funetion of living organisms in promoting the oxidation of 
ammonia and organic nitrogen in the soil, see Nitrification (p. 1400). 

Reduction. — xin elaljorate research on the reduction of nitric acid and the oxides 
of nitrogen by various metals has been published by J. J. Acworth and H. E. Arm- 
strong (Chem. Soc. J. 1877, xxxii. 54-901 The action of the metal on the nitric acid 
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is supposed to consist) in the first instance, in the replacement of the hydrogen of the 
acid by the metal, and formation of the corresponding nitrate ; 

2HNO» + M = M(NO»)* + H*, 

the hydrogen, however, not being in any case evolved as gas, bnt acting on the free 
acid present, and reducing it more or loss completely to nitrous acid, hypoiiitrous 
acia, hydroxylamine, and ammonia.. 

HNO> + H* = HNO* + H^O 

HNO® + 2H* =* UNO + 2H*0 

HNO» + 3H2 * H-^N(OH) + 2H«0 

HNO* + 4H2 « Il*N + 3H*0 

Lastly, the gaseous products which are given off in the solution of metals in nitric 
acid arise from the decomposition and mutual action of the reduction-products iibove 
mentioned. The nitrogen dioxide evolved results chiefly, if not wholly, from the 
decomposition of nitrous acid : 

3HNO* - 2NO + HNO* + H*0; 

it is, however, likewise possible that the dioxide may be produced by oxidation of the 
hyponitrons acid and the hydroxylamine by the nitric acid. The monoxide, N^O, is 
produced either by decomposition of the hyponitrons acid, HNO, or by the action of 
nitrous acid on hydroxylamine. Lastly, the nitrogen which is given off in the free 
state may be regarded as a product of the action of nitrous acid on ammonia. 

The verification of these theoretical deductions requires an exact study of 
the mutual action of the various reduction-products under all possilJle conditions ; and 
as a first stage in this extensive research, Acworth a. Armstrong have made a special 
study of the gaseoui^ products of tho action of metals on nitric acid, the main results 
of which are embodied in the table on p. 1407- 

Monoxide and Byponltrous Acid. According to Favro {^Ann. Chim, 'Phya 
[5], i. 209), the heat evolved in the absorption of nitrogen monoxide by charcoal 
amounts to 3718 and its heat of liquefaction to 222*2 gram-degrees. 

Hyponitrons acid, }?NO, which Divers obtained by reducing a solution of 
potassium or sodium nitrate with sodium-amalgam (vii. 853), is, according to Zorn 
(Deut, Cheni. Ges.Ber.x. 1306), move easily prepared by reduction of the nitrite. 
The resulting solution, after acidulation with acetic acid, gives, with silver nitrate, a 
greenish-yellow precipitate of silver hyponitrito which, by solution in dilute nitric 
acid and gradual precipitation with ammonia, is easily obtained of pure yellow colour. 
It may be dried over sulphuric acid, and may be heated for some time at 100° without 
alteration. When heated with acetic acid, it is resolved into silver acetate and nitrogen 
monoxide. It acts on alcoholic iodides, in some cases with violence. According to 
Van dor Plaats {ibid. 235), this salt is not decomposed by diflfused daylight ; it is 
insoluble in water, and may be boiled therewith without decomposing. It decomposes 
when heated above 110°, and if it be quickly heated to 160°, tho decomposition is 
accompanied by explosion and emission of brown vapours. It dissolves readily in 
dilute nitric or sulphuric acid, but is reprecipitafod on neutralisation. It is not 
decomposed by carbonic acid, and caustic soda-loy does not attack it till heated to 70°. 
It is decomposed by phosphoric acid, acetic acid, hydrogen sulphide, and especially by 
hydrochloric acid, with liberation of hyponitrons acid, which is thus obtained in 
the form of a colourless solution having a strong* acid reaction, and forming a yellow 
precipitate with silver nitrate. The solution is moderately stable, and may even bo 
boiled with acetic or nitric acid without decomposing. It colours a mixture of potas- 
sium iodide and starch, and reduces permanganate. Strong sulphuric acid decomposes 
the acid and its silver salt, with evolution of nitrogen monoxide. The same decom- 
position takes place spontaneously when the aqueous solution is left to itself for a 
considerable time. 

Sodium hyponitrite, NaNO-t-3H*0, crystallises in white needles. Its solution 
gives, with copper salts, a turquoise-blue precipitate ; with magnesium, manganese, 
zinc, barium, strontium and calcium salts, white precipitates soluble in acetic acid ; 
with bismuth, aluminium, lead, tin, and cerium salts, white precipitates insoluble in 
acetic acid ; with cobalt chloride a red, with nickel sulphate a greenish-white, and 
with mercuric chloride a white precipitate easily changing to brown ; with mercurous 
hydroxide a black, with ferrous sulphate an olive-green, with fbrric chloride a yellow 
precipitate. From gold-solution it reduces the metal ; with platinic chloride it forms 
a reddish-white precipitate. By heating the silver salt with ethyl iodide, an ethyl 
hyponitrite is obtained (Menke, Chem, J, xxxiii. 401). 

Dloxldep NO or N*0*. On the liguef action of this gas, see Oases (p. 857). 



NITRITES. 


1409 


A lecture experiment to demonstrate the direct combination of nitrogen dioxide 
with oxygen^ and the reaction of the resulting tri> and tetroxide with water, is described 
by G. Bruylants (Deut Chem. Ges. Ser, ix. 7; Soo. J. xxix. 878). 

Nitrogen dioxide may be utilised for the regeneration of manganese residues. 
Manganous nitrate, heated to 200°, leaves a residue of pure manganese dioxide, and if 
the evolved gases, mixed with a sufficient quantity of air, be passed into precipitated 
manganous hydroxide, a fresh quantity of nitnito will be produced, which may be 
decomposed by heat as before, and so on. Nitrogen dioxide is never reduce.»l by 
manganous hydroxide to the monoxide or to free nitrogen (Kuhlmanu, Dingl. pol. J. 
ccxi. 25). 

Reaction with Rytogallol . — Nitrogen dioxide is decomposed by an alkaline solution 
of pyrogallol, more than 60 per cent, of it disappearing and being replaced by monoxide 
and free nitrogen. As, however, the same reaction is produced after some time by an 
alkaline solution of pyrogallol which has become completely saturated with oxygen 
by prolonged contact with the air, and likewise with potash-ley, as observed by (lay- 
Lussac, — and, moreover, as even pure water, when heated for a long time witli nitrogen 
dioxide in scaled tubes, effec ts its conversion into nitrous acid, nitrogen monoxide, and 
free nitrogen, — and as, on the other hand, pure pyrogallol exerts no action on nitrogen 
dioxide, it seems probable that the change nudor consideration is due, not to the 
alkaline pyrogallate, but to the gradual action of the exei'ss of alkaline hydrate present, 
or perhaps to that of products formed by the action of oxygen on pyrogallol. For 
gas analysis, these observations have a practicid value, inasmuch as they show that 
a contraction of volume ensuing on the introduction of alkaline pyrogallol into a 
measured quantity of air is not necessarily duo to the presence of oxygen (Russell a. 
Lapraik, Chem, Soc. J. xxxii. 35). 

Trloxlde, N'-^O*. On the formation of this Oxide and of Nitrous Acid and 
Ammonium Nitrate in the soil, &c. see p. 1406. 

On the constitutional formulae of Nitrogen Trioxide and of the Nitrites, see 
Giinsberg (Wic7i. Akad. Her. Ixviii. 4US ; Jah'esh.f. Chew,, 1873, 218). 

On the Colouring Matters produced by the action of Nitrous Acid upon Fhoiiol, 
and on Lieberinann’s reaction, see vii. 901 ; viii. 697. 

Detection and Ruthnation of Nitrone Acid. — E. Kopp (JDeut. Chem. Gee. Ber. v. 
284; Chem. Soc. J. xxvi. 91) recommends diphonylamine as a tost for nitrous 
acid. To prepare the reagent, pure sulphuric acid is poured over a few crystals of 
diphenylaminc, and a little water is added, whereby a clear solution is obtained which 
produces with nitrous acid a very fine and permanent blue colour. The reaction is at 
least as delicate as thjit with ferrous sulphate. 

To detect the pn^senee of nitrous acid in waters, H. Kiimmerer (Jahresb.f. Cketn. 
1874, 964) adds to 500 c.c. of the water 1 c.c. of thick starch-paste, a granule of 
potassium iodide, ii pinch of zinc-dust, and finally a quantity of dilute acetic acid (sp. 
gr. 1-04) sufficient to produce a strong acid reaction. The production of a blue colour 
indicates the presence of nitrous acid. Sulphuric acid must not be used in place of 
acetic acid, since it would decompose any nitrates present in the liquid, and the nitric 
acid thereby set free might be retlucod to nitrous acid by organic matter. If, however, 
nitrous acid is known to be absent, the starch-paste mixture above described m:iy 
servo for detection of nitric acid by the simple addition of sulphuric acid. According 
to Fresenius, this method is not sufficiently delicate for the detection of small 
quantities of nitrous acid in waters; *l>iit satisfactory results maybe obtained by 
acidifying the liquid with acetic acid and distilling. The nitrous acid then passes 
over undecomposed in the first portions of the distillate, and may be determined by 
permanganate solution. This metho<i has the advantage of insuring the absence of 
non-volatile compounds, w'hich might decompose the iodised starch. 

F. Fischer (I)ingl. pol. J. ccxii. 404) considers this last method as tlio most delicate 
and exact of any that have been proposed for the estimation of nitrous acid in potable 
waters. 

Mbtallic Nitrites. Observations on the occurrence of these salts in plants 
have been made by P. Q-enadius (Amer. Chem, v. 7). The characteristic blue colour 
with potassium iodide, starch-paste, and sulphuric acid was immediately exhibited by 
the juice of Lactuca satim, Lyooperdon esmilentumy Taraxacum Dens Leonis, Dahlia 
variahiliSf Batata edulis\ gradually and faintly by that of Solan nm pseudo-capsicum, 
IHaiitago major, Dauctis Carota, Solanum tufterOsuni; not at all by that of Asparagus 
officinalis. Rheum rhaponticum, Viiis lahrmca, Caimabis sativa, or Zm Mays. ^ The 
bluing is for the most part produced only by the fresh juice, not by juice a few minutes 
old ; sometimes, however, by juice twenty-four hours old. 

Ammonium Nitrite, NHINO*. — Woith a. Weber {fieut, Chem. Ges. Ber, vii. 

VoL. VIII. 4 Y 
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1746) confirm the statement of Oarius that ammonium nitrite is never formed by the 
direct combination of water and nitrogen. Berthelot finds, however, that this salt is 
produced when perfectly pure nitrogen gas and water are enclosed between two con- 
centric tubes and subjected to the action of a very powerful Ruhmkorff ’s coil, but 
that this eifoct is not produco<l by weak electric currents (JBull, Soc. Ckm. [2], xxvii. 
338). Zbller a. Groto (DeuL Chem. Ber. x. 2145) confirm the statement of 
Schonboin {Jahresb.f, Oiem. 1862, 94), which was doubted by Bohlig {ibid. 1863, 167) 
that ammonium nitrite is formed during the combustion of perfectly pure hydrogen in 
perfectly pure atmospheric air. 

On the formation of this salt by oxidation of ammonia, see p. 1 406 ; on its pro- 
duction, together with hydrogen dioxide, when a dilute solution of pyrogallolis exposed 
to the air, see p. 1071. 

Potassium and Sodium Nitrites maybe prepared by fusing the corresponding 
nitrates with equivalent quantities of dried potassium or sodium sulphite : 

NO^K + SO>K2 = SO'K2 + NO^K. 

The cooled mass is pulverised, and the nitrite is purified by extraction with alcohol 
or by crysUllising out the sulphate (Ktard, Bull. Soc. Chim^ [2], xxvii. 434). The 
sodium salt is recommended by C. Lieber {Dingl. pol. J. ccxix. 245) as an antichlor, 
instead of the thiosulphate, as it has the advantage of not depositing sulphur in the 
pores of the tissues. 100 parts of it are c;ipabl6 of counteracting the action of 103 pts. 
of chlorine; 100 pts. of the thiosulphate neutralise 114‘4 chlorine. 

Lead Nitrites. — The basic nitrites of load have been examined by F. Meissner 
{J&iaische Zeitschrift^ [2], iii. 26). The red salt obtained by boiling 1 pt. normal lead 
nitrate with pt. granulated load and 50 pts. water was regarded by Berzelius as 
NO^ilPb- or 4PbO.NW.IPO (iv. 73). Meissner finds that, after repeated crystallisa- 
tion from water perfectly freed by boiling from air and carbonic acid, it has the com- 
position x\-0«PbMPO or SPbO.N^OMPO or 2Pb0.(N0-’)2Pb.H*0. The yellow basic 
nitrite, obtained by digesting 100 pts. lead nitrate with 78 lead, and water at 70°-75®, 
has, according to Meissner, the composition NO^PbH® or PbO.(NO*)“Pb.3H*0. 

Platinum Nitriteiy — See Pi.atonitrites, under Platinum. 

Alcoholic Nitrites. Nitrous Kthers. Ainy I Nitrite , — 
For the preparation of this other, A. Hilger (Arch. Phann. [3], iv. 485) recommends 
passing nitrogen trioxide (from As*0’‘) into amyl alcohol heated to 60°-70°. The 
distillate is shaken with weak aqueous potash, then dehydrated and rectified. The 
pure ether has a pale yellow colour, sp. gr. = 0*902, and boils at 94®-95®. In contact 
w’ith the air it easily decomposes, yielding nitrous acid, valeric acid, amyl alcohol, and 
amyl valerate. According to K. Rcnnard (Buss. Zeitschr. Pharm. 1874, 1), a good 
yield is obtained by distilling 30 pts. amyl alcohol with 26 pts. potassium nitrite dis- 
solved in 15 pts. water and 30 pts. sulphuric acid. 

Propyl NO=(C*H’), prepared by passing nitrogen trioxide into propyl 

alcohol, has a fragrant odour, sp. gr. = 0*935 at 21°, and boils at 43°-46° (Cahours, 
Compt. rend. Ixxvii. 749). 

Tertiary Butyl Nitrite, NO-.C(CII®)*, is formed, together with a small 
quantity of its isomeridc, tertiary nitrobutane, C(NO*)(CH*)*, by treating the 
corresponding butyl iodide with silver nitrite. It is a liquid boiling between 76° and 
78°, and slightly soluble in water (Tscherniak, l)eut. Chem. Ges. Ber. ix. 155). 

Tetroxide, NO* or N*0^. Compound with Magnesium Phosphate, 2PO^MgII + NO*. 
This compound is prepared by dissolving magnesium pyrophosphate in nitric acid of 
sp. gr. 1*25; keeping the solution for some time near the boiling heat to convert the 
pyrophosphoricacid into orthophosphoric acid; then evaporating the liquid on the water- 
bath ; reducing the white gummy fissured acid residue to coarse powder ; and heating 
it for some time to a somewhat higher temperature, best on a paraffin bath, till it 
has become red-brown and no longer gives off acid vapours. As thus prepared, it is 
a crystalline powder, whitish-yellow at ordinary temperatures, turning rusty brown 
when heated, and recovering its whitish-yellow colour on pooling. At a higher tem- 
perature it gives off water and nitrogen tetroxide, and leaves magnesium pyrophosphate 
(E. Luck, Zieitschr. anal. Chem. 1874, 266), 

B^actims . — Alcoholic iodides are converted by nitrogen tetroxide, with separation 
of iodine, into the corresponding nitt:ato.s, amyl iodide at 147°-150° into amyl 
nitrate, ethyl iodide at 83°-85° into ethyl nitrate. This reaction tends to confirm 
the view that liquid nitrogen tetroxide has the constitution NOW. NO, and is not easy 
to reconcile with the formula NO*.NO*: 

NO*.O.NO -f C*H»I = NO*.O.C*H» + NO + I 
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(L. Henry, Bull. Acad, Bekj, [2], xxxviii. 1). This view is also in accordance 'with 
Exner’s observations on the reaction of nitryl chloride -with silver nitrite (vii. 856), 
See, on the other handi Giinsberg (Wien, Akad Ber, [2 Abth.l, Ixviii. 498 ; Jahresh, 
f, Chem, 1873, 218). 

On the reaction of Nitrogen Tetroxide with Boron Chloride, see BonoN (p. 342). 

On the Heat of Solution of Nitrogen Tetroxide, see Heat (p. 989). 

Pentoxlde, N*0*. The following modification of E. Weber’s method of pre- 
paring the pentoxide by the action of phosplioric anhydride on nitric acid (vii. 
856) has been proposed by Bertholot (Bull, Sue. Chim, [2], xxi. 53). Thosphoric 
anhydride is added continuously and by small portions to somewhat less than 
an equal weight of hydrogen nitrate, NO*H, cooled with ice and salt, care being taken 
that the temperature of the liquid never rises above 0° ; the thick mass is then intro- 
duced into a wide retort through the tubulus, and very slowly distilled, the retort 
being immediately cooled if the mass shows any tendency to froth over. The nitrogen 
pentoxide then passes over quite pure, and condenses in the receiver to largo perfectly 
white crystals. Towards the end of the distillation, a small quantity of Wob(»r’s 
hemihydrate, 2N‘‘0*.11*0, passes over. 150 grams of hydrogen nitrate thus treated 
yielded 80 grams of crystallised pentoxide. The latter may be kept in stoppered 
glass bottles placed under a bell-jar with sulphuric acid. When exposed to light, it 
is very quickly resolved into oxygen and the tetroxide. 


iritrlc Actd, NO*H. Occurrence in Rain-water, — Observations on the quantities of 
nitric acid and ammonia in the rain- water which fell during the years 1870-71-72 at 
Florence and at a station on Vallombrosa, a spur of the Tusciin Apennines, 957 motors 
above the sea-level, Have been published by E. Bechi(i5tr. vi. 1203). The following 
are the results per hectare of surface : 


Quantity of Rain in cubic meters . 
„ Ammonia in grams 

,, Nitric Acid „ 



Floronco 

1 



1870 

1871 

1872 

V fliloni" 
brosa 

9284 

10789 

12909 

20278 

13226 

10572 

12917 

16433 

15728 

9153 

13057 

11720 


On the formation of Nitric Acid in nature by tho oxidation of Ammonia and its 
non* formation by the oxidation of free Nitrogen, see p. 1406. 

A process for the continuous formation of Nitric Acid from Ammonia by moans of 
oxygen evolved from a mixture of Manganese Dioxide and Caustic Soda, is described 
by Schwarz (DUigl. pol, J, ccxviii. 219 ; Cltem. Soc. J, xxix. 878). 

On recent Improvements in the Manufacture of Nitric Acid, see H. Gobel (DingL 
pd. J, eexx. 238 ; Chem, Soc, J, xxx. 238). 

On tho Thermal relations of Nitric Acid and tho Nitrates, see Heat (pp. 952-959, 
965, 973, 981, S84, 987, 993, 995). 

On the action of Nitric Acid upon Metals, see p. 406 ; on Lead Chromate, p. 461. 

Detection, 1. With Fcrrmis Sulphate, — F. Bolas (Chem. News, xxviii. 248) 
recommends for the detection of nitric acid and nitrates, the use of a solution of 
ferrous sulphate in strong sulphuric acid, the liquid to bo tested being carefully poured 
upon this solution by moans of a pipette. Tho solution of ferrous sulphate is prepared 
by mixing tho sulphuric acid with 10 v. p. c. of a cold saturated aqueous solution of 
ferrous sulphate, and heating it to boiling, in order to decompose any nitrogen-acids 
that may be present in the sulphuric acid. 

2. Witli Brucine. — According to E. Reichardt (Arch. Pharm. cxlv. 108), the red 
colour which brucine produces with nitric acid is distinctly perceptible in a solution 
of 1 pt. potassium nitrate in 100,000 pts. of water, if to half a drop of the liquid to 
bo tested there be added 1 or 2 drops ef brucine-solution, and then gradually from 
a pipette a few drops of strong sulphuric acid. Bottger (AT. Rep. Phann. xxiii. 
120) recommends this method for the detection of nitric acid or nitrates in potable 
waters, &c. 

Testing of Nitric Add for /cdtMS.-r According to A. Hilger (Arch, Pharm. [3], vi. 
391), the best method of detecting iodine (i.e, iodic acid) in nitric acid, is to dilute 
the acid with an equal volume of water, agitate it with carbon sulphide, and then add 
a small quantity of metallic tin. The tin then reduces tho nitric acid to nitrogen 
dioxide and nitrous acid, both of which exert a strong reducing action on tho iodic 
acid. 

Estimation, H). With Indigo, — ^The method given by Marx (vii. 858) for 
estimating nitric acid in well-water by means of indigo-solution has been modified by 
F. Fischer (J. pr, Chem, [2], vii. 67), in so far tliat the sulphuric acid is mixed witli 
the iudigo-Bolution and added by drops to the water, till a faint greenish tint is pro- 
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duced. By this mode of proceeding, the nitric acid is not set free to act on the organic 
matter i^:^ the water before the indigo-solution is added. Fischer also recommends 
that the standard indigo-solution ^ould bo prepared with indigo purified by precipita- 
tion or sublimation, as the igipiiiities in commercial indigo interfere with the accuracy 
of the determination {Bingl, pol. J. ecxii. 494 ; ccxiii. 423). 

The following observations on this method have been made by R. Warington 
{Chem. News, xxxv. 46, 67 ; xxxix. 285^ 

(1). The maximum amount of indigo is consumed only when a sufficiency of 
indigo is present with the nitrate before the addition of oil of vitriol. The plan 
adopted by Marx of mixing the nitrate solution with twice its volume of oil of vitriol, 
and then immediately running in the indigo, always consumes less indigo than the 
nitrate is capable of oxidising. The full amount of indigo can bo ascertained only 
by a series of apprcocimating experiments, in which the oil of vitriol is suddenly added 
to the previously mixed nitrate and indigo. (2). The amount of indigo required 
depends greatly on the proportion of sulphuric acid present, and within certain wide 
limits the amount of indigo is less as the proportion of sulphuric acid is greater. 
With 10 c.c. of nitre solution ] 1-3 c.c. of indigo were required, when the indigo and 
nitre were mixed with their own volume of oil of vitriol ; but 8’U c.c. of indigo were 
sufficient when two volumes of oil oi vitriol were employed. (3). The full amount of 
indigo is consumed only when the temperature of the mixture remains sufficiently 
high during the reaction; 100®, 110°, and 120° are given by various writers as 
the minimum temperature. When tho reaction is immediate, artificial heat is un- 
necessary ; but when, through dilution of tho nitrate, small volume of tho liquid, 
weakness of the vitriol, &c., tho reaction is tardy, the tempcratjire of the flask con- 
taining the mixture must be maintained by a paraffin or chloride of calcium bath, or 
the results will be too low. (4). The true tint of final reaction is a dull brown, which 
precedes the commencement of green ; the brown tint becomes green when suddenly 
diluted with water. If a solution of sublimed indigothi in sulphuric acid is employed, 
the tint passes at once from gold to green without an intermediate brown stage. 
(6). ‘When a nitrate solution is diluted, it apparently requires distinctly less indigo 
per unit of nitrate if a double volume of oil of vitriol be employed ; but if a single 
volume is used, the difference is very slight, and in tho contrary direction. If two 
volumes of sulphuric acid are employed, the indigo must, therefore, be standardised 
with nitre solutions of several dilutions to ascertain the value of different parts of the 
scale. (6). The influence of chlorides is slightly to diminish tho indigo required. 
With *03 to ’10 gram of chloride of soflium in 10 c.c. of nitre solution, the reducing 
effect of 100 chloride of sodium was equal to 1-16 nitre. With much chloride the 
final tint is a bright green. (7). Some kinds of organic matter have a powerful 
reducing action. Cane-sugar had a gre;itor effect tlio larger the proportion of sul- 
phuric acid and the more dilute the nitrate ; with a I’oth nitre solution, and a double 
volume of oil of vitriol, 100 of sugar had a reducing effect equal to 62’3 nitre. The 
soluble humic matter of soils was apparently without influence, determinations of 
nitrate in a kitchen garden . soil by the mercury method and by the indigo method 
giving accordiint results ; only 1 vol. of sulphuric acid was used in this experiment, 
(8).. Nitrites cannot bo determined by indigo: they oxidise less indigo than nitrates, 
and do not give a sharp reaction ; they must be converted into nitrates by perman- 
ganate before employing tho indigo. For details of tho experiments on which these 
conclusions are founded, see Chmt. Soc. J. xxxv. 678-689. 

(2) . EstiTmtion of Nitric Acid as Nitrogen Dioxide hy means of its action on 
Mercury. — This method, introduced by W, Crum (iv. 88) and improved by Frankland, 
has also been tested by Warington {Ckem. Soc. J. xxxv. 375), who finds that, in the 
absence of organic matter, and with proper manipulation, it is susceptible of groat 
accuracy, and is capable of determining extremely small quantities of nitrates and 
nitrites. The natural error of tho process is one of deficiency. Tho presence of 
chlorides in moderate quantity is no hindrance : quantities of organic matter, small in 
relation to the nitrates present, have little or no effect on the results ; larger quantities, 
especially of cane-sugar, may cause a considerable deficiency, which is reduced, but 
not entirely removed, by the presence of chlorides. 

(3) . By Conversion into Ammonia. — a. A mode of estimation founded on tho con- 
version of nitric acid into ammonia through the agency of the copper-zinc couple (vii. 
464; viii. 668), is given by T. E. Thoope [Chem. Soc. J. xxvi. 641). When a strip of 
zinc, coated with finely divided copper (p. 668), is immersed in water containing 
potassium nitrate, no evolution of hydrogen takes place, but a smell of ammonia 
becomes perceptible and free alkali is produced. Tho conversion of nitric acid 
into ammonia thus effected is complete with tho nitrates of potassium, sodium, 
calcium, lead, and probably also with those of silver, mercury, copper, thallium and 
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all otner metals which are reduced by zidc^ ao that in these cases it may be made the 
foundation of a quantitative estimatioB of nitric acid in well-waters, '&4. The reduction 
appears to be most difficult in the case of ammomum nitrate. The result may also be 
affected by the concentration of the solution and the quantities ©f vine and copper 
employed. If the solution is too strong, liittogeu totroxide will be evolved, and if- the 
quantities of zinc and copper present are iasifeciont’, the reduction will be imperfect. 
/3. Piuggari {CoQ7ipt. rewrf. 'Ixxvii. 481) digests the substance under examination 
(waters, soils, manures) for two or three hours at i60°-60° with a mixture of silver 
chloride and potash, whereby the whole of the nitrogen present is converted into 
ammonia, nitric acid, and nitrous acid,, and reduces the two latter complet(dy to 
ammonia with aluminium-foil and potash. Tho Jimmonia is then determined colori- 
motrically by Ncssler’s test, or with phenol and sodium hypochlorite, y. Pr. Gramp 
(J. pr. Cluim. [2], xi. 72), from a comparison of the various methods which have been 
proposed for the estimation of nitric acid, concludes that the ednversion of the acid 
into ammonia by means of sodiura-amalgara is the quickest and indst exact. 

A comparison of the various methods which have been proposed for the estimation 
of nitric acid, with suggestions for ensuring greater accuracy, is given by J. M. Eder 
(Zeitschr. anal, Chem, 1877, 267-314 ; abstr. Chem. Soc. J, xxxii. 643); also by 
G. Lunge {Ber, x. 1073 ; Chem, Soc. J. xxxii. 642). 

On the estimation of Nitric Acid in Chili Saltpetre and commercial Nitrates in 
general, see F. Jean {Bull, Soc. Chim. [2], xxvi. 10; Jahresb.f. Chem. 1876, 979). 

Valuation of Alkaline Nitrates. — 11. .Toulie {Covnpt, rend. Ixxvi. 230) con- 
verts these salts into chlorides by ignition with sal-ammoniac, and determines the 
chlorine before and .\fter this 02 )cration by titration with silver nitrate and potassium 
chromate. Tho difference between the two determinations gives the quantity of 
chlorine which has taken the place of tho nitric acid, and this number multiplied by 
l-»^2 gives tlio amount of nitric acid in the nitrate under examination. In tho valua- 
tion of sodium nitrate, the weight of the mass after ignition should come very near to 
that which is obtained by converting the total quantity of chlorine found into sodium 
chloride. If it comes out more tlinn 0*6 or 0-75 times as great as this number, the 
foreign ingredients must Ik; determined quantitatively. In tho case of potassium 
nitrate, the quantity of chlorine originally present, reckoneu as sodium cJiloride, and 
the quantity of chlorine winivalent to the nitric acid reckoned as potassium chloride, 
should together give a number somewhat smaller than the weight of the ignited mass. 
Should it bo equal to or greater than the latter, tho presence of sodium nitrate must 
he assumed, and a quantitative estimation of the potash must bo made. 


MKTALtlC NiTBATES. 

Ammonium Nitrate, NH^.NO*.~G. Tissandier {Cmnpt. rend. Ixxxii. 388) has 
described and figured tlio microscopic appearance of the crystals which remain on 
leaving rain-wfiter to evaporate. These crystal.s, which Tissandier regards as ammon- 
ium nitrate, exhibit an extraordinary diversity of shape, which he attributes to the 
simultaneous presence of organic substances, since veiy dilute, solutions of ammonium 
nitrate artificially prepared leave, on spontaneous evaporation, crystals of only one 
kind. 

Observations on the decomposition of ammonium nitrate by heat have been made 
by Berfchclot (Compt. rend. Ixxxii. 932)» Tho salt molts at about 152°, but does not 
begin to decompose rapidly till heated to about 210°. Above this point, tho docom 
position goes on with increasing rapidity as tho temperature rises, and above 300° it 
becomes explosive. Tho quantity of nitrogen monoxide evolved in this decomposition 
is always below that indicated by theory, because a considerable proportion of tho 
salt volatilises undocomposed. Ammonium nitrate may indeed be volatilised without 
appreciable decomposition by introducing tho previously fused salt into a basin covered 
with filter- paper, and placing above this cover a cylinder of stouter paper filled with 
coarse fragments of glass. On slowly heating the basin on a sand-bath, not above 
190°-:200°, tho salt sublimes in beautiful shining crystals, which collect on the sides 
of tho basin or on tho lower surface of tho paper. Part of it also passes through the 
filter-paper and condenses in the form of a white deposit. As the temperature of the 
paper traversed by tho salt may rise above 130° without any sign of alteration in the 
paper, Bertholot infers that the ammonium nit 'ate in this experiment volatilises as a 
whole, and is not resolved into nitric acid and ammonia, since the paper could scarcely 
remain in contact with free nitric acid at so high a temperature without immediate 
destruction. 

The action of ammonia on ammoniuni nitrate, and tho properties of- the resulting 
&nimoniated ammonium nitrate have been, studied by F. Kaoult {Compt, rend. IxxTii. 
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788) with rosilt |3 nearly the same as tlWs^^ohtdncd by Divers (vii. 869). Ammonia- 
gas is rapidly absorbed by the nitrate at all temperatures between —16° and +26°, 
forming a colourless liquid, the o6mpOfeition of which varies with the temperature ; 
when heated above 26°, it gives off ammohia and solidifies. 100 pts. ammonium 
nitrate under a pressure of 760 mm. abao^b^ihe following quantities of ammonia-gas: 


Tcmpcnituro 

-10° 


NH’ absorbed 
. . . 42*56 


State of Aggregation 
. . Liquid 

0 


. 36*00 


. • II 

+ 12 


. 33*00 


■ • II 

18 


. 31*60 


• • II 

28 


. 23*25 


• • II 

29 


. 20-90 


. Solid 

30*6 ; 


. 17*50 


• • II 

40-6 ' : 


. 6*00 


• • II 

79 

. 

. 0-50 

. 

■ • *1 


At —10° the liquid has the composition N}DNO*.2NH*. It does not solidify in a 
mixture of ice and salt. Sp. gr. = 1‘06. It easily gives off ammonia when heated, 
and the solid compound, obuiined by heating it to 28 6°, has the composition 
NH*NO*.NH*. By heating the liquid compound in a sealed bent tube, it is easy to 
obtain large quantities of liquid ammonia, 1 vol. of the liquid yielding about J vol. 
of the liquefied gas, and leaving a residue of Nll^NO*.NH*. 

Barium Nitrate, Ba(NO*)*. — ^This salt, as first observed by Scacchi (Jahresh,/, 
Chem. 1860, 13), crystallises in tetartohedral forms, the octohedral faces which occur 
on it easily splitting up into a predominant and a subordinate octolicdron. The 
stripe-like elevations and corrosion-figures on the cubic faces of tlie crystals likewise 
indicate their tetartohedral development (H. Baumhauer, Zeitschr. KrysL i. 61 ; 
W. J. Lewis, PhU. Mag. [6], iii. 453). 

T^e product of decomposition of this salt by heat consists, according to Hammels- 
berg, not of barium monoxide, as hitherto supposed, but of a higher oxide, 
BaH)* = 2BaO + BaO*(p?'143). 

Bismuth Nitrates. — The decomposition of these salts by water has been 
examined by Yvon (Compt, rend. Ixxxiv. 1164). The crystallised nitrate, formed 
either with or without excess of acid, or by evaporating the wash-water which has 
served for the preparation of the basic nitrates, has always the same composition, 
viz. Bi(XO®)* + 6^11*0. When dried .at temperatures .above 100'’, it gives off nitric 
acid as well as water, whence probably .arise the discordant st.atements that have 
been made respecting the amount of water contained in it. When heated for some 
time in an oil-bath to 120'’, it gives off water .and acid and loaves a white pulverulent 
basic salt, Bi^N=0" + 1 JIPO. The same composition belongs also to the basic salts 
produced by the action of water or of the carbonates of the alkaline earths on the 
normal nitr.ate. The basic salt thus separated dissolves, as is well known, in a very 
large quantity of water ; and Yvon finds that the solution thus formed deposits, in 
the course of several weeks, small prismatic crystals having the compo.sition 
Bi“N*0* + JH*0. These crystals, accortling to measurements by Dos Cloizeaux 
(Comyt.rend. Ixxxiv. 1162), belong to the asymmetric or triclinic system. Their 
principal angles are : 

(110)(ll0) or ooP : oo,P=57° 20'; (001)(110) or OP : ooP=66° 26'; 

(001)(ll0) or OP : oo^P=67° 8'. 

The plane of the optic axes is exactly parallel to the edge (110)(100) or oo P : oo f oe>. 
When the basic salt separated by water is repeatedly washed with water or with an 
alkaline carbonate, the compound 5Bi0N0®.3Bi20* + 6JH*0 is obtained (Yvon). 
Similar results with regard to the decomposition of normal bismuth nitrate have been 
obtained by A. Ditte (see Chemical Action, p. 427). 

Cadmium Nitrate, Cd(NO®)H4H*0. — The sp. gr. of this salt is 2*460 at 14°, 
and 2-460 at 20° (H. Laws, Sill, Am. J. [3], xiv. 281). 

Copper Nitrate, Cu(NO*)*. — When a saturated solution of this salt is separated 
by a diaphragm of parcliment-paper from a solution of potassium oxalate, there is 
formed,^ on the side of the paper in contact with the latter, a crystalline deposit of 
potassio-cupric oxalate, while potassium nitrate enters into the copper solution 
(Becquerel, Compt. rend. Ixxvi. 246). 

Bidymium 'Nitrate, Di(NO’)* + CH^O. See Didtmiuu (p. 643). 

Lanthanum Nitrate, La(NO^)* + 6H^O. See Lanthanum (pp. 423, 1164). 

Lead Nitrates, — The hexplumbic nitrate, &Pb0.PbN*0®.H*0 or Pb*HNO*, 
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which Borzolius obtained by precipitating the normal salt with excess of ammonia 
(iv. 96), may be regarded as a derivative 6i okhonitric acid, N(OH)*,and represented 
by the formula : ^ 

0— 1%— OH 



or in the anhydrous state : 

N(02Pl))(0*Pb)0-l?b— 0(Pb02)(Pb02)N. 

Heated to 170® in a sealed tube with ethyl iodide, it does not yield the corresponding 
pentethylic nitrate, but is converted, with formation of ^hyl oxide and load iodide, 
into normal load nitrate, together with a small quantity of tetraplumbic nitrate 
(Meissner, Jenaisclie Zeitsclirift^ [2], iii. zweites Siippl.-Hoft. 26). 

Mercurous Nitrate is decomposed by hydrogen-potassium sulphide, with pre- 
cipitation of metallic mercury, the supernatant liquid acquiring a yellow colour from 
formation of a polysulphide of potassium (.1. Myers, Dettt. Chem. Ges. Ber. vi. 440). 

Nickel Nitrate . — A solution of this salt is recommended by II. Emsmann 
{Bogg. Ann. Erganzhd, vi. 334) as an absorption-preparation. Its spectrum is entirely 
destitute of the extreme colours, red and violet. 

Potassium Nitrate, KNO*. — This salt is contained in considerable quantity in 
the leaves of the castoivoil plant. 

On its formation in the soil by the influence of organised ferments, see Nitrifica- 
tion. 

Experiments on the function of ferric oxide in the formation of saltpetre have 
been made by L. Pesci {Gazs. cliim. ital. 1875, 307). The observation that saltpetre 
very generally effloresces from wjills of ochreous bricks, led to the inquiry whether its 
formation arose from the oxidation of ammonia by the ferric oxide to which the colour 
of these bricks is due. It was found that ferric oxide, after being ox|)OS(‘d to 
ammouiacal vapours for about six days, at 20® -30®, and then exhausted wilh'wator, 
yielded a solution containing both nitric and nitrous acids. That this effect was not 
due merely to the porosity of the oxide, was shown by the ':amo effect being produced 
in an atmosphere of carbonic anhydride containing ammonia, with partial reduction of 
the oxide. The reduction was more abundant when the action took place under a 
layer of water. The peculiar fertilising effects of composts containing ferric oxide is 
due to this property of ferric oxide, and for a similar reason ochreous chalk is preferable 
in forming an artificial nitre bed. Several samples of nitre have been found by Pesci 
to contain nitrites. The same observation Avas made by Bottger in 1869, in purified 
as well as in crude saltpetre. 

Silver Nitrate, AgNO*. — Uranous oxide, added to a solution of this salt, throws 
down metallic silver, the reaction taking place by two stages : first a salt of uranous 
oxide and argentous oxide is formed, and then the uranous salt is converted into 
uranyl salt, the colour of the solution changing from green to yellow, and at the same 
time the argentous oxide is reduced to metallic silver : 

UO'^ + 4AgNO» = U(NO»)* + 2Ag20 

+ 2Ag20 = (U0")(N0*)2 + 2AgNO» + Ag2. 

Silver is also precipitated from thq^ nitrate, though very slowly, by the oxide U*0" 
(Isambert, Comjd. rend. Ixxx. 1087). 

On the reaction of silver nitrate with hydrogen, see vii. 660. 

BovhU Salts . — When a solution of the nitrates of silver and potassium, containing 
more than an equivalent of silver nitrate, i.<» evaporated, a double salt separates out, 
having the composition AgNO*.KNO®. With ammonium nitrate a similar compound 
is formed, an excess of silver nitrate, however, being unnecessary. With sodium, 
lithium, and lead nitrates no double salts are formed. On evaporating solutions con- 
taining equivalent quantities of silver nitrate and of sodium or lithium nitrate, no 
double salt is formed, but the silver salt separates out first, though it is much more 
soluble than the nitrate of the alkali-metal. With lead nitrate, also, no double salt 
is formed, but the lead salt, which is less soluble than the silver nitrate, is the first 
to crystallise out. 

The crystals of the potassium and ammonium double salts are monoclinic. Axial 
ratio a: b I c— 1*405 I 1 : 1*646. Acute angle of axes - 82® 22'. Double refraction- 
negative. The optic axes lie in a plane perpendicular to the plane of symmetry, their 
divergence for red light being about 4® 25'; for blue light 13® 11'. Strontium 
nitrate containing silver nitrate crystalliseB in cubo-octohedrons (Russell a. Maskelyne, 
Proc. Roy. Soc. xxvi. 357). 
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Vanaditim Nitrate. See Vanadium. 

Zinc Nitrate, Zn(NO*)*. — When nitrife hcid is treated with a considerable excess 
of pure ^nc, a basic salt is formed having the composition = 

Zn(N0*)®.»5Zn(0II)2 + 3H'''O, When a heutral solution of zinc nitrate is evaporated 
to a syrup, the whole solidifies to a vitreous mass, which, when treated with water, is 
converted, with rise of temperature, into A vitreous basic salt. The vitreous mass has, 
according to Orcjway, the composition 4Zn0.3N20* 311^0 or Zn0.3Zn(N0®)2.3lI®0 
(iv. 107) ; acconling to Bertels, however, it is not of constant composition. The basic 
salt obtained by treating it with water was found by Bertels to consist of 
Zn’H-»N"0^' = 4Zn(N0*)-.3Zn(0n)2+llH20 {Jahresb. f. Chem. 1874, 274). 

Nitric Ethrrs. According to J. Champion (Com-pt. rend. Ixxiii. 671,673; 
Ixxviii. 1150), the nitric ethers of the fatty series may be prepared by the action of a 
mixture of nitric and sulphuric acids on the corresponding alcohols (vii. 860) or their 
acid sulphates, the proportions of the acid mixture being varied for the several alcohols. 
Methyl and ethyl alcohol react best with a mixture of 1 pt. nitric and 2 pts. sulphuric 
acid ; the higher alcohols of the series with 1 nitric to 3 sulphuric acid. 

Bichl or hydrin Nitrate, C®H®Cl*.NO*, is formed as an intermediate product of 
the action of nitric acid on L. Henry’s dichlorhydrin, the final product being dichloro- 
propionic acid (p. 876). It is a colourless liquid having a peculiar aromatic odour 
and sweet taste. Sp. gr. 1*3 at 7°; boiling point 180° (L. Henry, Veut. Chem. Ges. 
Ber. vii. 409). 

Ethyl Nitrate, C^IH.NO*. — G. Bertoni (Gazz. chim. ital. 1876,406) prepares 
this ether by a modification of the ordinary process, whereby large quantities of it 
may bo obtained in a short time. 150 c.e. nitric acid of sp. gr. 1'36 are poured upon 
10 grams of urea contained in a retort — the acid having been previously heated with 
a small quantity of urea — and heat is applied till the whole of the urea is dissolved. 
150 c.c. alcohol of 92 per cent, are then poured to the bottom of the retort through a 
long-nccked funnel, so that the two liquids may immediately mix. The liquid is then 
distilled till the greater part huvS passed over, and the residue is again treated with 
160 c.c. of alcohol and acid and distilled. After this second distillation, a further 
quantity of ethyl nitrate may bo obtained by adding 60 c.c. of alcohol and acid, and 
distilling a third time. 

mTROOli'Y'CSJlZirt See Glycerin (p. 876). A comprehensive memoir on 
this impound has been published by A. Brull in the Bulletin de la Societe dH En- 
couragement, 1877, iv. 493, 662. 

xrZTROUC ACZns. See Nitroparaffins, under Paraitins. 

ZrZTROMfiTHYZiBEZrZOPBfiiroirE, C>^H"(NO^)0. See vii. 861 ; also 
T«ltl-pbbnyl Ketonks in this volume. 

VZTROPARArrZETS. See Paraffins. 

WZTEOPBOSPREETEZe ACZB. See Phosfuenylic Acid. 

arZTROPBOPZOPBEE-OWE, C®H*(NO*).CO.C2H*. See Ketones (p. 1152). 

irZmOPRVSSZDES. it is commonly stated that these compounds are not 
attacked by chlorine. According to E. W. Davy, however (Chem. News, xxxviii. 105), 
chlorine doea act on them, very slowly under ordinary circumstance.*?, but much 
more quickly in bright sunshine, under the influence of which it soon decomposes 
them fcompleteJy. Sodium nitropnmide thus treated is re.solved into ferric chloride, 
sodium chloride, hydrochloric acid, and the compound C®N*C1*^, known as chlorocyanic 
oil. The nitroprussides of potassium, barium, calcium, zinc, iron, manganese, and silwr 
are att^c)Led ip a similar manner, the copper salt being the only one which resists the 
qpmbined action of chlorine and light. Heat, like light, appears to aid the decompos- 
ing actioq. 

Sodium NUroprusside has, according to Clarke (Sill. Am. J. [3], xiv. 281 ), a sp. gr. 
of 1*6896 at 26°. Schroder found 1*710 and 1*716. 

According to Filhol (iVl Rep. Vharm. xxiv. 242), a solution of this salt, mixed 
with hydrogen sulphide, is an extremely delicate test for the alkalinity of a liquid, 
producing a blue-violet colour, not only with free alkalis, but also with alkaline 
carbonates, borates, phosphates and silicates. 

zrZTROSACETAirZEZpE, or A^tylphenylnitrosamine, CH*.CO.N(NO)(C«H»), 
is formed by the action of nitrous acid on acetanilide dissolved in cooled glacial 
acetic acid : 

CH».CO.NH(C''H») + NO.OH = IPO + CH*.CO.N(NO)(C»H»). 

The reaction, which takes place very nearly in the proportions thus indicated, is com- 
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? lete when the solution exhibits a green colour arising from excess of nitrous acid. 

'he nitrosacetanilide maybe purified by solution in glacial acetic acid and precipitation 
by water. It is a very unstable compoundi docqpiposing, when kept, with evolution 
of nitrous acid ; when boiled with water, it melts and is eonverted into a greasy mass. 
It dissolves readily in glacial acetic acid, and the solution, when left to evaporate, 
deposits crystals which change into a black substance. By quick evaporation of the 
ethereal solution, slender needles are obtained. With phenol and sulphuric aci(lf 
nitrosacetanilide gives Liebermann’s colour reactions (vii. 901). It melts at 40°-41®, 
and detonates at a higher temperature. Its dust excites sneezing. By reducing 
agents it is reconverted into acetanilide (0. Fischer, Ber, ix. 463; comp. W. Heintz, 
ibid. 1573). 

Nitrosacetoparatoluidc, GI1*.C*11\N(N0)C*H®0, obtained In like manner, 
melts with decomposition at 80°, and detonates at a higher temperature (Fischer, 
ihid. X. 959). 

HZTROSa.CZTOACETATE (ETBTZiZC), 

G«n»0‘N = GH».G().GH(NO).GOOG2H\ 

formed by the action of nitrous acid upon ethyl acotoacetate, was originally obtained 
as a heavy yellowish oil, which did not solidify at —25°, but after it had remained 
liquid for some months, a small quantity of it suddenly crystallised, and, by introducing 
the crystals thus formed into the liquid acid, a largo quantity of it was obtained in 
the crystalline state. The crystals are hard colourless shining prisms, melting at 
52°-54° to a trapspareut liquid which is completely decomposed by distillation 
(Meyer a. Ziiblin, Bar. xi. 320). 

ETITROSAMAEZlirE, C^*1F’(N0)N2. See Amarine (p. 70). 
XrZTBOSAUSTRAEEirS. See Nitbosotkrfenes {infra), 
xrZTROSETBTEAXrZEZNE, G^H^N(NO)(G^H^). See Etuvlanilinb^, under 
Benzenes, Amido* (p. 206). * 

BlTROSETBYXiPBENTZiSEMZCARBAZZDE, 

G«n*.N(NO).NH.GO.NH.G2H-\ 

See IIturazines (p. 1055). 

ETZTROSZXfBOZi, G‘®IF^(NO)N2. See Indole (p. 1090). 

NZTROSOCBZORZBBESPERZBEXaE. See Nitrosoterpenks. 

xriTROSOBZETBYBASrxZiZXrE, G*^H^(NO).N(G-TP)^ obtained by the action 
of amyl nitrite, alcohol, and hydrochloric acid on diethylaniline, crystallies in Iprge 
prisms melting at 84°, and decompo.scs at a higher temperature. It dissolves in 
alcohol and in ether, less easily in water. Its salts are yellow, and dissolve readily in 
water and in alcohol. It yields addition-products (A. Kopp, Ber. viii. 621). 

XriTROSOBZETBYXi-CARBAMZBE, 

G*N”N*0- = (G2IPXN0)N.G0.NH(G2H*; 

(E. Fischer, 7?cr. ix. 111). This compound, which v. Zottsi obtained by treating 
diethyl-carbamide with alkaline nitrites {Liehifs Annalen, clxxix. 101), is more 
readily obtained in the pure state by passing nitrf)us acid in excess into an 
ethereal solution of the carbamide. On leaving the ether to evaporate at a very low 
temperature, washing the residual oil with water, redissolving it in other, drying the 
solution with calcium chloride, and iigain leaving it to evaporate, an oily residue is 
loft, from which, after long standing in the cold- and in a vacuum, nitrosodiethyl- 
carbamido is deposited in well-defined transparent plates melting at 5°. It is indifferent 
to acids and alkalis. In contact with phenol and sulphuric acid, it produces Lieber- 
mann’s dyes (p. 697). By reduction with zinc-dust and acetic acid it is converted 
into diethylhydrazi ne-carbamido, (G*II*)(NH®)N.CO.NH(0'‘*H*). The reduc- 
tion, which should take phice at a temperature not exceeding 20°-25°, is complete 
when the liquid no longer becomes turbid on addition of hydrochloric acid and water. 
On evaporating the filtered solution, mixing it with potash-ley in a cooled vessel, 
agitating the liquid sover.il times with ether, and evaporating the ethereal extract, 
diethylhydrazine-carbamide remains in the form of a colourless syrup, easily soluble 
in water, alcohol, and other, not altered by boiling with water, decomposing yrithout 
carbonisation when strongly heated. It has an alkaline reaction, and when dissolved 
in potash reduces Fehlingfs solution and platinic chloride. By alkalis, and more'easily 
by heating it in a sealed tube on the water-bath with 3 or 4 pts. Iq^drochlorio acid of 
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8p. gr. 1*19, it is resolved, with assumption of water, into carbon dioxide, ethyl- 
amine, and ethyl -hydrazine (p. 1061). T!h.Q%ydrochlorid€y C®H**N*O.HCl, obtained by 
acidulating its alcoholic solution with fuming hydrochloric acid, and adding ether, 
ciystallises in white slender >ueedles easily soluble in water and in alcohol, less easily 
in strong hydrochloric acid, ' and decomposing when heated. The platinochloride, 
(0»H*^N*OCl)®PtCl^, crystallises in fine yellow needles. 

mTROSODZMSTBTZiAMZSrB, G^H^N^O » (CH3)’2N-Nz=0, also called 
DiTnethylnitrosamine and Mtrosndimetkyline. The hydrochloride of this base is 
formed by heating a concentrated, acidulated, aqueous solution of dimethylamine 
hydrochloride with potassium nitrite to 60°-70°. It is a yellow oil having a peculiar 
pungent odour, and reduced by zinc-dust and acetic acid to hydrochloride of dimethyl- 
hydrazine, (CH*)*N — NH* (p. 1063), (E. Fischer, Ber. viii. 1587). 

irZTBOBOBZMBTBnAXrzXinrE, C‘>HXNO).N(CH»)^ also called 
nitrosaniline. The preparation of the hydrochloride of this base by the action of 
nitrous acid on dimothylaniline hydrochloride, as practised by Baeyer a. Caro, has 
alreiidy been described (p. 205). C. Schraiibe (/?cr. ix. 716) adds 75 pts. amyl 
nitrite cooled to 0° to an ice-cold mixture of 60 pts. dimethylaniline, 100 strong hydro- 
chloric acid and 600 of a mixture of 1 vol. hydrochloric acid and 2 vols. alcohol. 

Nitrosodimethylaniline melts at 85^^. Its salts, formed by adding dilute aqueous 
or ethereal solutions of the respective acids to an ethereal solution of the base, crys- 
tallise well for the most part. Especially characteristic is the nmtral oxalate, which, 
when recrystallised from wood-spirit, forms brown-red monoclinic crystals containing 
2 mols. water. 

AddUioiir^roducis, in large splendid steel-blue crystals, are formed on heating a 
solution of this nitroso-base in alcohol or benzene with aniline or paratoluidine. The 
addition-product of dimethylaniline and uitrosodimethylaniliiie crystallises from 
benzene in dark-green shining crystals which effloresce quickly on exposure to the air. 
The phend-addition-qyroduct, formed by mixing 2 mols. nitrosodimethylanilirie and 
1 mol. phenol, with addition of water, crystallises in brown slender needles which gire 
off allth eir phenol at 70°. Nitrosodimethylaniline also unites with silver nitrate, 
forming ^ addition -product which may be recrystallisod from water at 25°, and then 
forms small dark-blue shinftig crystals, violet by transmitted light. 

y:- Nitrpsodimethylaniline is reduced by tin and hydrochlorie add to phcnylene- 
dimcthjjdiamine, N‘-*II“(C®H^)(CH*)2 (see Piienylkne-diaminks). Ey pdasmim /i rn~ 
cyanide, or better by permanganate, it is oxidised to nitro d i met hylani line, 
which' is a base forming large sulphur-yellow crystals molting at 169 *. Nitric add 
oxidises nitrosodimethylaniline with great violence ; nevertheless, it is possible, hy 
careful treatment with dilute nitric acid, to carry the action as far as the formation 
of di ni trodimethylanilino, which forms large yellow crystals molting at 73’5°, 
and may be recrystallised from ethcr-alcohol. With anilim acetate, nitrosodimethyl- 
aniline forms azophenine, together with other products (Kimlch, p. 138). 

ZrZTBOSOrOBMANZZiZDS, C*H^^XN0)(CU0), prepared by the action of 
nitrous acid on formanilido, melts at 39° (Fischer, Ber. x. 959). 

iriTROSOriniFinBZlZB, C>^H"(N0)N^0’. See Furfubine (p. 837). 

zrZTBOBOGirAXrZDZKB, CH<(NO)N3 See Guanidine (p. 904). 

WZTROBOBETOirSS (V. Meyer a. J.Ziibclin, Ber. xi. 320, 692). 1. Methyl- 
nitroeomethylketoneoT Nitrosacetone, CS®NO* = CH®.CO.CH®(NO), is formed 
by the action of nitrous acid on the ethylic ether of acetoacetic acid : 

CH*.CO.CH*COOC^H» -H NO.OH = CO* -t- C*H^OH -h CH».CO.CH*(NO). 

To prepare it, ethyl acetoacetato (1 mol.) is arlded by successive portions to a solution 
of alcoholic potash (1 mol.) ; the mixture is diluted with water; a solution of potas- 
sium nitrite (1 mol.) is added ; the liquid is acidulated with dilute sulphuric acid and 
again supersaturated with potash ; the unattacked ethyl acetoacetate is dissolved out 

ether ; the alkaline liquid- left at rest for three or four days, then again acidulated 
with sulphuric acid, and several times exhausted with ether ; and the greater part of 
the ether is removed by distillation, the remainder by leaving the solution for several 
days over sulphuric acid. The product thus obtained is a light yellow oil, which 
mav be made to crystallise by spreading it out on a number of flat-bottomed dishes, 
and leaving these over sulphuric acid. • 

Nitrosoacetone consists of silvery plates or prisms melting at 65°, easily soluble 
in ether, and in cold or hot water. It passes oyer readily with steam, but cannot be 
distilled alone without decomposition. It has acid properties, and its alkaline solution 
is intensely yellow ; it gives a yellow solution with phenol and sulphuric acid. 

2. Methyl-nitroeethyl KHone or Nitroeomethylaoetone, G^H'NO* m 
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CH*.CO,CH(NO)CH*, is formed by the action of nitrons acid on the ethylic ether of 
methylacetoacetic acid : 

CH*.CO.CH(CH»).COOC’H> + NO.OH = CO» + C’HikOH + CH*.CO.CH(NO)CH». 

It ciystallises from vater in pearly scalea, and from its solutions in ether, alcohol, 
and chloroform in colourless prisms, which melt at 74®. It boils without decomposi 
tion at 185® ; and has a vapour-density of 3*51, exactly coinciding with that require# 
by the formula C'H’NO*. 

3. Methylnitrosopropyl Ketone or Nitrosethylacetone^ C*H®NO* = 
CH*.CO.CH(NO)(C*H'^), obtained like the preceding, forms colourless crystals easily 
soluble in alcohol, ether, and chloroform, melting at 63®-55®. 

Both those nitrosokotonos give deep red solutions with phenol and sulphuric acid, 
and a iicry safiranine-red colour when they are dissolved in aniline, and glacial acetic 
acid is added to the solution. 

XrZTROSOTRXACSTOirAlMEZlirS, =* C<»H><‘(NO)NO (Hointz, 

Liebig's Annalen^ clxxxv. 1 ; clxxxvii. 233). This compound is formed on mixing the 
neutral solutions of triacotonamine hydrochloride and potassium nitrite, and separates 
after a while in long faintly yellowish crystals, a further quantity of which may bo 
obtained by gently warming the decanted liquid, and then leaving it to cool. Nitroso- 
triacotonamino cannot be recrystallised from hot water without loss, as it volatilises 
with the vapour ; but it may bo purified by dissolving it in very slightly warmed 
alcohol, and precipitating it at 50° by gradual addition of water. 

Nitrosotriacotonamine has a specific gravity of 1T4; melts at 72®-73°; sublimes, 
though very slowly, below its melting-point ; dissolves readily in alcohol and ether, 
and crystallises therefrom in long needles ; is neutral to litmus-paper. By the action 
of potash, or by prolonged boiling of its aqueous solution, it is resolved into nitrogen, 
urater, and phorone : 

= C®H»0 + N2 + H"0. 

When nitrosotriacetonamine is heated with hydrochloric or strong sulphuric acid, 
the greater part of it is converted into triacetonaraine ; but at the same time four 
other bodies are formed, viz., two bases — one having the composition C®H*"N®0 — 
whose hydrochlorides are sparingly soluble in water, and two substances which ex- 
hibit the characters of amido-acids. Nitrous acid does not reduce nitroBotriaceton- 
aminc to arnidonitrosaminc. 

The constitution of nitrosotriacetonamino may be represented by one of the follow- 
ing formulae : 

CO— CH» 

gg>C<' 


mmos-ra-eoiaPOUSrBS. The Sulphate, H(NO)SO*, or SO“|q®^ 

identical with the ‘ hjad-ehamber crystals,’ is easily prepared by saturating cold strong 
sulphuric acid with nitrogen trioxid^, or by passing sulphur dioxide into nitric acid ; 
most advantageously however by burning a mixture of 1 pt. sulphur with 2 '5 to 3 
pts. potassium nitrate in moist air (Girard a. Pabst, Lull, Soc. Chim. [2], xxx. 531). 
Tilden prepares it by passing the gases evolved from aqua regia and dried by calcium 
chloride into cold sttong sulphuric acid. It forms long thin prismatic crystals melt- 
ing at 85®-87®. When gently heated with dried chloride or bromide of sodiun^ it 
yields the corresponding chloride or bromide, NOCl or NOBr ; and with potassium 
nitrate in like manner it yields nitrogen tetroxide, N-0\ which may therefore be 
regarded as nitrosyl nitrate, NO.NO* (Girard a Pabst). Compare p. 410. 

Nitrosyl Chloride^ NOCl, is an orange-yellow gas which condenses inafreezing 
mixture to a deep yellow liquid boiling at — 8°. The density of its vapour was 
found to be 2*33 — 2-29 at 10® (air = 1), or 33’5 — 33-0 (H = l); calc. 32*75. The 
dwhloride, NOCP, said by Gay-Lussac to be formed, together with other products, by 
the distillation of aqua regia, was probably a solution of the monochloride in chlorine 
gas. The reaction between hydrochloric and nitric acids may bo represented by the 
equation 

HNO* + 3HC1 =. NOCl + Cl* + 2H*0 
(Tilden, Chem, Soc, J, xxviii. 630). 
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Niirosyl Bromides . — The NOBp, prepared like the chloride by 

distilling nitrosyl sulphate with sodium bromide, is described by Girard a. Pabst as 
an easily decomposible liquid boiling at 19°. According to Landolt, on the other 
hand, who prepared it by passing nitipgen dioxide into bromine cooled below — 4°, it 
is a blackish-brown liquid which begins to boil and give off brown-red vapours at 
— 2°, sinks unaltered in very cold water, begins to form bubbles of nitrogen dioxide if 
heated therein to 14°, and if then stirred with a sharp-edged glass rod or a wire, gives 
off torrents of gas, being decomposed in the manner represented by the equation 

3NOBr + 2H20 » 3 HBp + NO*H + N*0*. 

The trihromide^ NOBr*, is fornlcrf by decomposition of the monobromide, and 
remains as a dark brownish-rod liquid when the temperature is allowed to rise to 
about 23°. It is also formed by saturating bromine with nitrogen dioxide at ordinary 
temperatures, and Muir has shown {Chem. Soc. J. xxviii. 844) that the compound thus 
formed has the same composition whether the absorption tiikos place under the 
ordinary atmospheric pressure or at any lower pressures down to 250 mm. It has a 
specific gravity of 2*628 at 22*6°, volatilises almost without decomposition when 
^ickly heated, but is resolved by slow distillation into nitrogen dioxide and bromine 
(Landolt, loc. eit.) 

KTZTROTOliTXi-PBSirTXi SETOXVES. The momviiro-derivativc, 
0i«I{ii(j^O*)O, (Niiromethi/lbenzophenone)^ obtained by the action of fuming nitric 
acid on solid paratolyl-phenyl ketone (p. 1164), is identiciil with that which Milne 
obtained {Ber. v. 683) by heating benzyl-toluene with nitric acid of sp. gr. 1*4. 
It crystallises from hot alcohol in broad shining laminae or in needles, melts at 
126°-127°, and sublimes easily in shining laminae; dissolves readily in chloro- 
form, benzene, and hot acetic acid. When its solution in glacial acetic acid is 
boiled with chromic acid, benzoic and nitrobenzoic acids are produced, the latter 
melting at 140°, and yielding a barium salt which crystallises with 4H*0. The 
greater fart of the nitro-ketone is however completely burnt, and it has not been 
found possible to obtain the first product of the oxidation, viz., mononitrobonzoyl- 
benzoic acid (Plascuda a. Bincke, Ber. vii. 982). By tin and hydrochloric acid, 
the nitroketone is converted into the corresponding a mi do-compound, which is 
precipitated from its solution in hydrochloric acid by soda-ley, in the form of a 
loose white powder. It dissolves readily in alcohol and ether, and forms with acids 
uncrystallisable salts which dry up to gummy masses (Milne). 

Binitro-tolyl-phenyl Ketone, C**n’®(N0*)-0, is formed by boiling dinitro- 
benzyl-toluene (vii. 183) for a considerable time with nitric acid of sp. gr. 1 *4, or by 
heating its solution in glacial acetic acid with chromic acid. It crysUilliscs from 
acetic acid in thick yellowish needles, from alcohol in silky lamina ; melts at 126°- 
127° ; decomposes without subliming at a higher temperature ; and dissolves with 
moderate facility in benzene and in chloroform, less easily in ether. By oxidation it 
is converted into paranitrobenzoic acid and dinitrobenzoylbonzoic acid, C*^1P(N0*)*0*, 
melting at 211°-212° (Plascuda a. Zincke). 

Trinitro-tolylr-phenyl Ketone, C”IP(N0*)*0, obtained by adding solid tolyl- 
phenyl ketone, or its mono- or dinitro-dcrivative, to a mixture of nitric and sulphuric 
acids, crystallises from acetic acid or alcohol in small, yellowish, well-defined prisms ; 
melts at 166°, and decomposes at a higher temperature without subliming (Plascuda 
a. Zincke). 

WOMEBCEATUEE. iSuggostions with regard to Chemical Nomenclature, 
chiefiy with the view of securing uniformity of termination in the names assigned to 
different classes of compounds, have lately been drawn up by the Council of the 
Chemical Society, and published in the Journal of that Society (1879, vol. xxxv. 

pp. 277-280). 

The terminations recommended are for the most part the same as those which 
have been used in this Dictionary (see vol. iv. p. 133) ; but attention may be especially 
directed to the recommendation respecting the use of the terminal ‘oP for all 
hydroxyl-derivatives of hydrocarbons, in other words for all compounds of alcoholic 
character, and its absolute restriction thcareto. Thus glycerin, eiythrite, mannite, 
hydroquinone, resorcin, pyrocatechin, saligqnin, are in future to be called glycerol, 
erythntol, mannitol, quinol, resorcinol, catechol, saligonol; and, on the other bund, the 
ethers of the phenols, e.g. C«H*.OCll*, C®1I».0C*H», &c., hitherto called anisol, 
phenetol, &c., are to be designated as anisoil, phenetoi‘1, &c. ; and certain aldehydes, 
hitherto denoted by ilames ending in ol, are to be designated, like aldehydes in general, 
€.g. the so-called furfurol as furfuraldehyde or furfural. Other compounds which are 
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not alcohols, but have hitherto been known by names ending in o/, may be repre- 
sented by names ending in ole — e.g, indole instead erf indol. The hydrocarbon C®H* 
and its homolognes, sometimes called benzol, toluol, &c., are to be called benzene, 
toluene, &c. 

Another point deserving of special remark is the use of the terminations ine and 
t«, the former for organic bases, ethylamine, aniline, toluidine, quinine, morphine, &c^ 
the latter for certain neutral compounds, viz. glycerides, glucosides, bitter principle^ 
and proteids, e.g. palmitin, amygdalin, albumin, casein,* &c. 

NOXrTBOXrXTE. A mineral resembling nontronito (iv. 134) has been found 
by A. Schrauf {Jahrh.f. Min. 1877, 255) in the Wenzel shaft at Mugrau in Bohemia, 
forming layers of lenticular nodules alternating with graphite. Under the microscope 
it appears to be made up of irregular, semitransparent lamin®, exhibiting slight 
double refraction. The amount of water varies considerably. The following analyses 
relate to material well dried in tlie air; the powder, after drying over sulphuric 
acid, gave 13*59 per cent, water ; after exposure to moist air, 22*02 per cent. 


SiO* 

Fe*0» 

A1*0* 

CaO 

MgO 

H«0 


43*98 

27*50 

4*16 

2*97 

1*77 

19*62 =» 

100 

42*93 

28-91 

3-10 

3*35 

2*84 

18*32 = 

99*54 


These analyses may be represented by the formula : 

Ca^Mg^APFe'^Si^^O®^ + 40H“O = + lOlPO. -4 

XrOXrrXiACETYZiEirE, or Rutylidene, C“H2® = (C»IT">)C=Cn, is formed from 
the methyl-nonyl'kctono which is the chief constituent of rue-oil (vii. 808), by treat- 
ing this ketone with rOF‘, and abstracting 2 mols. HCl from the resulting chloride, 
CIP.CCKC®!!'*, by the action of potash. It is an oily liquid, boiling at 215°-220°, 
and forming with amnioiiiaail silver-solution a white precipitate, C"H'®Ag, with 
copper-solution a yellow-brown precipitate (Bruylants, Ber. viii. 406, 410). 

SrORTOE’S SAXiT, PtCFOIU. Sea Platinum Ciilouides. 

EOSEAE-AEBESXTE. See Isenitb (p. 1125). 

EOSEAE-PBOEOXiXTE. A specimen of this rock from Hohentwiel in Hogau 
has been analysed by J. Bernath {Jahrb.f. Min, 1877, 740) : 

A. Fresli rock ; 65*9 per cent. solul>le, 44*1 {ler cent, insoluble. B. Weathered ; 39 per cent, soluble, 
61 per cent, insoluble. 

SiO* A1“0* Na^O K’O CaO H»0 Fe»0» FeO MgO 

65*214 21*782 10*637 3*475 2*097 2*069 2*061 2*006 0*127 = 99*468 

55*842 19*871 8*058 6*231 — 3*874 2*683 1*549 1*810 = 99*818 

Moreover, in A, 0’646 per cent. SO*, 0*074 Cl. In botli, traces of manganese, titanium, and lithium. 
Sp. gr. of A = 2-64 ; of B, 2*41. 

EOVACUXiXTE. An analysis, by 0. E. Wait, of this material, also called 
Ouachita Whetatoney from Hot Springs, Arkansas, has been published by J. W. Mallet 
{Chem. Rewsy xxviii. 272) : 

SiO» A1“0* MgO Na*0 Sp. gr. 

99*635t 0*113 0*087 0*165 = 100 2*649 

The mass, of which a small proportion is soluble in caustic soda, is essentially a crypto- 
crystalline quartz containing, in addition to the above constituents, traces of potassium 
and iron. 

EUCXE. This substance, also ciillcd Juglone, which Vogel a. Keischauer obtained 
from the green shells of walnuts (iv. 143), has been analysed, together with the copper- 
compound obtained by precipitating its alcoholic solution with cupric acetate, by 
Rejachauer (Deut, Chem, Ges, Ber, z. 1642), who finds it to have the composition 

034012010. 

EVeXTE. A variety of glucose, obtained from the leaves of the nut-tree. 

EUCEEXE (iv. 143 ; vii. 862). This substance has been found in the human 
brain to the amount of 1*4 pts. in a thousand (Geoghegan, ZeiUchr. physiol. Chem. i. 
330) ; in the spermatic chords of the salmon, to tlio amount of 48*7 per cent., united 
with an organic base called protamine (Micseher, Ber. vii. 376) ; and in the casein 
of cows’ milk (Lubavin, ibid. x. 917). Pure nuclein from this last mentioned 

This distinction was suggested many years ago, by l)r, Hof maim, and has been uniformly ob 
served in this Dictionary ; but many writers unfortunately neglect it, and use the two terminations 
indiscriminately. 

t Determined by difference. 
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Bource may be obtaiiiiSd by digesting commercial casein (previously fi;eed from 
fat in an extraction-apparatus) with artificial g^tric juice at 40° ; washing the 
undissolved residue with hot and cold water ; then dissolving it in a 1 per cent, solution 
of sodium carbonate ; precipitating the filtered solution with weak hydrochloric acid ; 
and washing the precipitate with water, alcohol, and other in succession. That 
nuclein is not a phosphate of casein is inferred by Lubavin from the following facts : 
When a solution of nuclein in excess of sodium carbonate is dialysed, the diffusate 
does not exhibit a trace of phosphoric acid till decomposition has sot in. Nuclein 
cannot be prepared synthetically from casein and sodium phosphate ; from a solution 
of casein in that salt, magnesia-mixture throws down the whole of the phosphoric 
acid, whereas the phosphoric acid qf nuclein is not precipitated by similar treatment. 
When a solution of casein in aqueous sodium phosphate is mixed with 1 per cent, 
hydrochloric acid, the precipitate formed by the first drops of acid disappears on 
further addition, and the resulting solution ^ves a precipitate when cautiously 
neutralised with ammonia or mixed with solution of common salt or sal-ammoniac. 
Lubavin regards nuclein as a mixture of at Ipast two distinct compounds, inasmuch 
as the partial precipitates obta‘ined from its solution in sodium carbonate by successive 
addition of equal amounts of hydrochloric acid differ from one another in composi- 
tion, and the precipitates formed by successive addition of equal amounts of hydro- 
chloric acid, likewise differ in quantity. The isolation of the chemically distinct 
individuals existing in nuclein has not yet been accomplished. Nuclein has a marked 
%cid character; it reddens litmus and decomposes carbonate and even acetate of 
sodium. The .solution of nuclein in v sodium acetate gives precipitates- with zinc, 
copper, and lead salts;, the lead precipitate is white, granular, and easy to wash. 
The precipitation of nuclein by lead acetate is not complotc, and fractional precipita- 
tion yields precipitates containing different quantities of lead (Lubavin). 

Digesiihility . — From experiments by A. {Zeitschr, jphysiol. Chem. i. 157), it 

appears that nuclein is not attacked by any of the digestive ferments, and that it is 
probably a constant constituent of fecal matters, since it is present in nearly all kinds 
of food. * 

nWL VOMICA. According to C. Bullock {Phatm J. Trans. [3], v. 326), the 
oil of Nux vomica^ separated in the preparation of the extract, contains both strychnine 
and brucine. 


0 . 


OBSZDZAJr. Obsidian from Antisana has been found by Q. vom Bath {^tschr. 
geol. Ges. xxvii. 295) to contain : 

SiO* A1“0* Fe"0* CaO K»0 Na*0 IPO Sp. gr. 

77*76 13*14 1*47 0*63 7*00 0*24 = 100*24 2*320 at 10° 

An analysis by J. A. Cabell of the outer crust of a mass of obsidian from Lipari, 
which had been exposed to the action of volcanic vapours, has been published by 
J, W. Mallet {Chem, NewSf xxviii. 272): 
k 

SiO* A1*0» OaO Fe*0» Fe-Cl» H"0* H“Ot Sp. gr. 

93*46 0*87 0*74 0*37 0*15 4*56 0*08 « 99*72 2*062 

Tumefaction of Obsidian by Heat . — Obsidian when strongly heated swells up 
suddenly, and is converted into pumice. This result is attributed by Boussingault a. 
Lamour {Compt. rend, Ixxvi. 1158 ; Ann. Chim. Phys, [4], xxix. 543; Chem, Soc, J, 
xxvi. 866) to a sudden disengagement of vapours of water and hydrochloric acid, the 
latter resulting from the action of the silicates on the chlorides contained in the 
mineral. The following are some of the analytical data on which this conclusion is 
(bunded : 

A. Loss on ignition. B. Direct estimation of the water. C. Of the hydrochloric 
acid. D. Amount of chlorine reckoned as IlCl. E. After fusion. The whole of the 
values are calculated in percentages of the substance experimented on. 

• Above 100®. t At 100®. 
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1 

A 

B , 

0 

D 

B 

Volcano of ParacA (Pasambro, 
Columbia) .... 

0*556 





Mexico . . . 

0*211 


— 

— 

— 

Mexico 

0*630 


— 

— 

— ’ 

California 

0*104 



— 

— 

— 

Ecuador 

0*118 



— 

— 

— 

Caucasus 

0*168 

— 

— 

— 

— 

Cerro de las Navajes (Mexico) . 

0*330 

0*877 

0*104 

0*2550 

0*0904 

Iceland . . . . . 

0*450 

0*394 

0*0575 

0*1036 

0*0968 

Mexico ..... 

0*690 

0*636 

0*112 

0*2497 

0*0968 

Ecuador . . . ... 

0*235 

0121 

0*011^6 

0*0870 

0*0662 

Lipari 

0*730 

0*4715 

0*144 

0*2750 

0*1327 


OCTAMZXrS COBAXiT-COMPOVirsS. See Cobalt (p. 546). 

OCTANB, The octane obtained by the action of zinc and hydrochloric 

acid on methyl-hexyl -carbinyl iodide, (CH*)CHI(C“H'*) (from castoivoil alcohol, vi. 
877), has the same boiling point (124°) and sp. gr. (07088 at 12-5°) as that which is 
produced by tho action of sodium on normal butyl iodide (vii. 867) ; it is, therefops, 
normal octane, CI£X0J1^)“.CH* ; and this conclusion is in accordance with the fact 
that the methyl-hexyl earbiiiol from castor-oil is convortetl by oxidation into normal 
caproic acid (Schbrlemraor, Chem. Soc. J. [2], xii- 1029). 

An oct'iiio, perhaps identical with the preceding, is obtained, together with other 
paraffins, among the products of the distillation of fatty acids with overheated steam 
(Cahours a. Demar^ay, Compt. rend. Ixxx. 1568). 

SMflobutyl. (CH=«y^CU.CmCH-.CH(GH>)*. This is tho octane which Kolbe 
obtained by the electrolysis of potassium valerate, and Wurtz by the action of 
potassium or sodium on isobut-yl iodide (v, 7511). Schorlemmer {Proc. Roy. Soc. 
1876, 34) obtained it by the action of sodium on a m‘i;turo of the iodides of iso- 
propyl and isopentyl (amyl) ; and it has lately been further investigated by W. Carleton- 
Williams (Chem. Soc. J. 1877. xxxi. 541 ; 1879, xxxv. 125), who prepares it by the 
jiction of sodium on isobutyl bromide, and purifies it by leaving it in contact for 
several hours with strong sulphuric acid, then w^ashing it with water, leaving it over 
solid caustic potash for two or three days, and finally subjecting it to fractional 
distillation. 

Pure di-isobutyl thus obtained boils, under a pressure of 745 mm, (reduced to 0°), 
at 108°- 108 *3° (mercury-column wholly in the vapour), remains liquid at —17°, and 
exhibits the following densities at different temperatures : 


/. 

Sp. pr. 

t. 

Sp.gr. 

0° . 

. 0*7091 

30° . 

. 0*686 

0° . 

. 0*7085 

40° , 

. 0*677 

10° 

, 0*7016 

60° . 

. 0*669 

20° . 

. 0*6931 

100° . 

. 0*626 


These results agree closely witli thoso obtained by Kopp (v. 731). The vapour-density, 
determined by Victor- Meyer’s proi^eSs (Ber. x. 2068), was fbund in two experiments to 
bo 57-64 and 58*51 ; calc. 57 (H = 1). 

An examination of the refractive power gave the following results : 


Befractive indices at ] 

16° « ja . . . J 

Potassium 
(red line) 

[ 1*3901 

Lithium 

1-3917 

Sodium 

1*3943 

Thallium 

1*396 

Strontium 
(blue line) 

1*4008 

Befractive energy 1 

a 1 

0*5591 

0-5618 

0*5655 

0*568 

0*5748 

d = 0*6972 at 16° . J 

Befraction equivalent, 1 

(vi. 788.) . 

a i 

1 

63-78 

64-04 

64-47 

64-75 

65*55 


On the assumption that C = 5 and II = 1*3, tho calculated refractive equivalent 
for di-isobutyl is 63*4. 

Di-isobutyl has no action on polarised light. 

On the action of cMorine on di-isobutyl, see p. 1425. 
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OOTOnOMSTnn OXXBZS, (C-HBr^’^O, is formed, together with other 
products, by heating ethylideae oxychloride (p. 757) with bromine for ten hours at 
100®, 160°-190°, and 190°-210°, till it begins to carbonise. The syrupy product, 
when redistilled, separates into three portions, the first of which (b. p. 130®-190°) 
contains the octo-brominated ether. This compound is a thickish liquid having an 
odour of perspiration, fuming very sliglitly in the air, insoluble in water, but de- 
composing when left in contact therewith at ordinary temperatures, more quickly on 
boiling (F. Kessol, Ber, x. 1667). 

OCTOZC ACZBS, C'H**.COOH. (1). The identity of the iso-oc toic 

acid, (CH®)*CH.(CH*)^COOH, obtained by oxidation of isoprimary octyl alcohol, 
with caprylic acid prepared by saponification of cocoa-nut oil, has been already noticed 
(p. 379). 

(2) . Another iso-oetoio acid, (CH*)*CH.CmCH».CH<:^QQjj, formed by 

oxidising the corresponding alcohol from di-isobutyl with chromic acid mixture, 
is an oily liquid, which boils at 218®~220® under 767 mm. pressure (reduced), and 
does not solidify at —17°. It is soluble in alcohol and in ether, and sparingly 
soluble in water, 100 c.c. of water at 15® dissolving 0*15 gram of the acid. At the 
ordinary temperatures it has an unpleasant odour, which becomes mucli more powerful 
at higher temperatures, when it somewhat resembles that of rotten choose. The sp. gr. 
of the acid compared with water at 4® is : 

At 0® . . . . 0*926 40® ... . 0*893 

„ 20® . . . . 0*911 50® 0*885 

„ 30® . . . . 0*903 100® .... 0*846 

The sodium salt^ prepared by neutralisation, remains, after evaporation over 
sulphuric acid, as a deliquescent gummy mass, which begins to crystallise after stiind- 
ing for several days over sulphuric acid in a vacuum. The polamtim salt is a semi- 
crystalline deliquescent mass. The silver salt^ Cll’^AgO*, is a white ciivdy precipitate, 
slightly soluble in boiling water, and separating on cooling in silky threads or small 
tooth-shaped crystals. The calcium salty (C'’JI‘*0‘‘*)‘Ca + ll'-'O, prepared by neutralising 
the acid with milk of lime, "may be obtained l>y spontaneous evaporation in radiate 
groups of well-formed crystalline plates. It is more soluble in cohl than in warm 
water, a solution saturated at 16® becoming turbid at 37® ; the density of the pre- 
cipitate increases with the temperature, and the salt rcdissolvos on cooling. The 
barium salty prepared by boiling barium cfirbonato in the acid, is uncrystallisable and 
remains as an amorphous pellicle on leaving tlio solution to evaporate in a vacuum. 
The strontium salt may be prepared by neutralisation, and is precipiuted on mixing 
the concentrated solutions of strontium nitrate and potassium iso-octoate. It dissolves 
freely in absolute alcohol, and is deposited from the alcoholic solution in transparent 
six-sided plates, which appear to belong to the moiioclinic system, and to consist of a 
combination of the basal terminal piano with thoclinodiagonal and orthodiagonal domes. 
The salt is slightly loss soluble in hot than in cold water, a solution saturated at the 
ordinary temperature becoming slightly turbi<l wlicn heated. From an aqueous solution 
it is deposited in transparent neodlo-shaped crysbils, which effloresce and grow opaque 
on exposure to the air. The magnesium salty (C'*H**0'‘*)“Mg + 2H-0, prciparod by 
neutralisation, is a transparent, deliquescent, iion-crj’^stalliuo mass, which slowly 
becomes opaque and crystalline when left in a vacuum over sulphuric acid. The-s'/wo- 
saXt is a white pearly mass, which is docompf>sed by water, but dissolves in the dilute 
acid. 

The concentrated solution of the potassium salt produces in a solution of mercuric 
chloride a faint turbidity ; with mercuric nitrate no precipitate ; with mercurotis nitrate 
a dense white precipitate, which is soluble in hot water and crystallises out again on 
cooling. Lead acetate and manganese nitrate form amorphous precipitates insoluble 
in water. Cupric acetate throws down a green precipitate, insoluble in water, but soluble 
in alcohol, forming a green solution, from which the copper salt is deposited in minute 
green plates, which are generally arranged together in pyramidal clusters (W. C. 
Williams, Chem, Soo. J. xxxi. 642 ; xxxv. 128). 

Ethifl Isoctoatey obtained by saturating an alcoholic solution of the 

acid with hydrochloric acid gas, is lighter than water, has a strong characteristic 
odour, and boils at about 175®. Vapour-density obs. 84*39 ; calc. 86. 

JH-isobutyl Isoctoatey C“TI**02.C"H'', formed in small quantity in the preparation 
of the acid by oxidation of the primary alcohol, is a colourless liquid, lighter than 
water, and boiling at 278®-281®. It is slowly saponified by heating to 120® in sealed 
tubes with alcoholic potash (Williams). 

(3) . A third iso-octolc acid, probably having the constitution 
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is produced by oxidation of iaodibntylene (p. 1130). It is a 

colourless oily liquid, smelling like trimethylacetic acid, and distilling with partial 
decomposition at 206°-218®, the greater part passing over at about 216® (Butlorow). 

OCTYK A&COBOXiS ASTB STBSBS. (1). Several derivatives of the iso- 
primary octyl alcohol, (0H*)*CH(CH*)<(CH20H),*obtained by saponification of, 
the volatile oil of HeracUum spJumdylium and H, gigantmm (vi. 878 ; vii. 868 ; viii. 
1027), have been examined by W. Moslinger {Deut, Chem. Ges, Ber» ix. 998). 

Isoctyl iodide^ is best obtained by passing dry hydrogen iodide into octyl 

alcohol to saturation, and afterwards heating the liquid to 100® in closed vessels. The 
product contains 90 per cent, of pure octyl iodide boiling at 218®-222®. 

Isoctyl oxidct (C®H‘')*0, was obtained by mixing equivalent quantities of sodium 
octylate (formed by the action of sodium on octyl alcohol) and isoctyl iodide, and 
heating the mixture to 100® for some time. It is a transparent oily-looking liquid, of 
specific gravity 0-805 at 17®, and boiling at 280°-282®. 

Isoctyl-ethyl ether f C®H”.O.C''*iI®, formed by heating together equivalent quantities 
of sodium octylate and ethyl iodide, is a colourless mobile liquid of agreeable odour, 
boiling at 182®-184°. Sp. gr. 0'794 at 17® ; vapour-density, 78*79. 

Jmctyl eulphidr.^ (C"II*’)*S. — Isoctyl chloride and potassium sulphide in alcoholic 
solution rapidly decompose each other when lieaicd together. The isoctyl sulphide 
thus formed is a slightly yellow mobile liquid having a peculiar alliaceous odour and 
boiling with decomposition above 310®. Sp. gr. 0-8419 at 17®. It forms a ciysttillino 
compound with merc^iric chloride. 

Barium Uoctylmlphate^ (C’H*’SO^)*Ba, formed by carefully mixing equal weights 
of pure strong sulphuric acid and isoctyl alcohol, and after 24 hours neutralising 
the mixture with barium carbonate, crystallises in thin pearly laminaj, which tlo- 
composo at 100®, giving off isoctylono. The siilt is very sparingly soluble in water. 

Potassium Isoctylsulphate, obtained by decomposing the barium salt with potassium 
sulphate, is a white indistinctly crystalline mass, soapy to the touch, and easily soluble 
in water. 

Isoctyl-phosphine, This body is formed w\ien a mixture of phos- 

phonium iodide, isoctyl iodide, and zinc oxide is heated to 160®-180® in sealed tuho.s. 
It is a transparent mobile liquid, highly refractive, and having the powerful, stupefying 
odour of all phosphines. Its boiling-point is 184®- 187® ; sp. gr. 0-8209 at 17°. It 
absorbs oxygon from the air, but only slowly, the process going on for several days. 
The substance thereby formed is an acid intermediate between isoctyl-phosphine and 
the corresponding phosphinic acid, and hence may bo termed Isoctyl-phosphinous 
acid. Its silver salt is a white curdy precipitJite, which is reduced by heat. 

Isoctyl-phosphine in the pure state is very violently attacked by fuming nitric 
acid, but when it is diluted with glacial acetic acid, the action proceeds quietly, the 
product being isoctyl-phosphinic acid, a body which dissolves in hot glacial acetic 
acid and separates as the solution cools in a spennaceti-liko mass. Isoctyl-phosphine 
is easily soluble in alcohol, benzene, and chloroform, but insoluble in water and in 
sulphuric, nitric and hydrochloric acids, with which it does not combine. It forms, 
however, a solid compound with hydriodic acid. 

CH* ) 

(2) . The following derivatives of the secondary octyl alcohol, 

from castor oil (vi. 879 ; vii. 868) have been prep-arod by Hans .Tahn (Rcr. viii. 803). 
The thiocaridmide, CS=N — C"J1”, formed from the corresponding amine, ll*X.C"n*', 
by Hofmann's reaction (p. 606), is a colourless liquid boiling at 234®, and converted by 
prolonged contact with ammonia into octyl thiosinnaminey NH*.CS.NH.C"HJ^ which 
crystallises in colourless laminse nearly insoluble in water, more soluble in alcohol 
and in ether, melting at 112*5®. The corresponding octylamine^ C‘*H'®N, obtained 
by treating the thiocarbimide with sulphuric acid, forms a platinochlorido, 
(C®H*"N.lICl)*PtCl^, which crystallises in laminae having a golden lustre. The normal 
thiocyanate, CN.S.C®H'^ prepared by heating an alcoholic solution of potassium thio- 
cyanate with the secondary octyl iodide in a reflux apparatus, then precipitating with 
water, washing, drying, and rectifying, is a liquid smelling like conine and boiling 
at 142°. 

(3) . A mixture of iso-primary and iso-secondary octyl chlorides (boiling 
at 179°-180®) is produced by passing chlorine into the vapour of boiling di-isobutyl 
in difliisod daylight. On heating this mixture of chlorides with potassium acetate 
and glacial acetic acid, there is formed — together with an octylene boiling at 
122®, and having a density of 0-7626 at 16° — a mixture of acetates (b. p. 193®— 205°), 

VoL. VIII. 4 Z 
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from which hy saponification with potash there is obtained a mixture of primary and 
secondary octyl alcohols distilling between 175^ and 187^» and yielding by oxida- 
tion the iso-octoic acid above mentioned (p. 1424), together with a ketone. The 
formulae of the two alcohols are : 

Primary .... ( 0 fl 7 CH.CH’'.CH*.CH<^g’Q 2 

Secondary .... (CH»)»CH.CH*.CHOH.CH(Cn>)» 

(W. C. Williams, loc, cit.) 

The iso-primary alcohol has a pleasant orange-like odour, and a hot burning taste, 
remains liquid at —17°, and boils at 179°-180® under 765 mm. pressure (not re- 
duced). It dissolves in alcohol, ether, and chloroform, sparingly in water, and is 
separated by water from the alcoholic solution. Its specific gravity compared with 
that of water at 4° was determined at the following temperatures : — 


0® 

. 0*841 

40° 

. 0*814 

12° . 

. 0*833 

50° 

. 0*807 

20° 

. 0*828 

100° 

. 0*767 

30° 

. 0*821 




Its vapour-density (H = 1) was found by experiment to be 66'02 ; by calculation 65’0. 

The iso-secondary alcohol is obtained in much smaller quantity, and is much more 
difficult to separate from traces of undecomposed chloride. It boils at leO'^-lGS® 
under 755 mm. pressure, and remains liquid at — 17°. It differs from the iso-primary 
alcohol by having a fainter smell, a lower specific gravity, and a larger coefficient of 
expansion. 


Temperature . . . 15° 30° 40° 50° 

Sp.gr 0*820 0*811 0*801 0*793 

Vapour-density (11= 1) ; exp. 65*38; calc. 65*0. 


The ketone, C‘ir*.CO.C*H^ formed by oxidising the secondary alcohol with a 
cold mixture of potassium dichromate and sulphuric acid, has a density of 0*865 at 
14°, and boils under 743*J mm. pressure at 159°-161°. It remains liquid at — 17°f and 
does not form a crystalline compound with acid sodium sulphite. The chief product 
of its oxidation is acetic acid, but a small quantity of a higher acid, probably iso- 
butyric acid, is formed at the same time (Williams). 

(4). Another iso-secondary octyl alcohol^ probfibly having the constitution 
(C*H*)®CH.CHOn.C^H*, is formed by treating bromacf tyl bromide with zinc-ethyl 
and decomposing the product with water. It is slightly soluble in w’ater, remains 
liquid at -30°, and boils at 164°-168° (Winogrado’vv, Luhiy's Annalen, cxci. 125). 

OCTTlifiiriiS, O’*!!'®. An octyleno is obtained, together with iso- octyl ac(itato, 
when the mixture of chlorides resulting from the chlorination of octane (p. 1425) is 
heated to 200° in sealed tubes with potassium acetate and glacial acetic acid. On ex- 
tracting the contents of the tubes with water, drying tho rc.sulting liquid over potas- 
sium carbonate, and subjecting it to fractional distillation, one-third pass«l over 
below 130°, the remainder, consisting of i.so-octyl .‘uajtate, at 193°-205°. Tho lower 
fraction, treated with potash to remove traces of tho acetate, yields octyleno, having a 
density of 0*7526 at 16°, and boiling at 122° (Williams). 

An octyleno is also obtained, together with other hydrocarbons, by the action of 
dilute hydrochloric acid on spiegcleisoii (p. 1(164). 

(EBTAlorTBOXi, C®H'®.CIIO. Seo Heptoic Aldehyde (p. 1022). 

OBWABTRYZiZC or BORMAXi RBPTOZC ACZB, = 

CH*(CH*)\COOII. Several derivatives of this acid have .already been described under 
Heptoic Acid^ (pp. 1021, 1023). The following havo boon obtained by A. Holms 
{fier. viii. 1167). 

Monohromotnanthylic acid is formed by heating 1 mol. bromine and 1 mol, 
oenanthylio acid together at 140°-160°, but has not been isolated in tho pure state. 

Ami do oin ant hylic acid, C’II**(NH*)0*, formed by saturating an alcoholic 
solution of bromoenanthylic acid with ammonia, and digesting it for three or four 
hours in tho water-bath, separates on cooling in crystals, which may bo purified by 
washing with alcohol, conversion into, lead salt, separation therefrom by hydrogen 
sulphide, and recrystallisation from weak spirit. It is thus obtained in hexagonal 
tables or laminae, soluble in water and weak spirit, but not in absolute alcohol or 
other. When heated, a small portion only volatili.ses without decomposition, the 
greater part being carbonised, with evolution of alkaline vapours. The copper salt is 
a dark blue amorphous powder, nearly insoluble in water, alcohol, and ammonia. A 
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solution of the acid in hydrochloric acid, when evaporated under the air*pump, yields 
crystals of a hydrochloride, HCl, easily soluble in alcohol and water, and 

forming, when perfectly dry, a yelloMrish powder," fatty to the touch, giving off hydro- 
chloric acid over the water-bath. It forms with platinic chloride a double-salt, 
soluble in water, alcohol, and ether. 

Hydroxyoinanthylic acid, C’H**0*, is obtained by heating an aqueous solution ^ 
of potassium raonobromcenanthylate to 140® for some hours, and agitating the strongly 
acid liquid thereby formed with other, which leaves it behind when evaporated. It is 
very easily soluble in alcohol and ether, and remains, after rapid evaporation of its 
solutions, in the form of an oil, which soon solidifies ; on slow evaporation it crystal- 
lises in long prisms. It dissolves sparingly in cold, but freely in* hot water, and on 
cooling is deposited as an oil which does not solidify under water. It melts at 59®- 
60®, and sublimes partly undocomposed at a higher temperature. Many of its salts 
have been prepared, but only tho copper and silver salts have been obtained in 
crystals. 

Methyl hydroxycenanthylate, obtained by the action of methyl iodide on silver oxy- 
cenanthylate, is a colourless neutral liquid, boiling at 160®-165®, soluble in all propor- 
tions in alcohol and ether ; insolublo in water, but slowly decompo.sed thereby. 

IlydroxyoBnanthylamide, formed by tho action of ammonia on methyl 

hydroxymnanthylato, crystallises in hcxsigonal tables, melting at 147®. It dissolves 
easily in hot water, and is soluble also in hydrated alcohol. It docs not combine with 
hydrochloric acid, and is resolved by fixed alkalis into cenanthylic acid and ammonia. 

Hydroxyoenanthylic acid, when treated with potassium bichromate and sulphuric 
acid, yields a small quantity of a granular crystalline mass, which melts at 170®, the 
melting point of pimelic acid; an indication that in the foregoing compounds the 
bromine, hydroxyl, and amidogen atoms respectively replace an atom of hydrogen in 
the methyl group of ananthylie acid. Tho formulae of monobromoenanthylic, araid- 
cenanthylic, and hydroxycenanthylic acids must .accordingly be written : 

CH’^Br -CIP— Cn-^-CH*— Oil*— CH* -COOH ; 

CH»NH2-- — COOH; 

0H20H — —COOH. 

CEiroXillf'. This substance, the red colouring matter of wine (iv. 178), may bo 
prepared by precipitation with lime instead of basic lead acetate (Varenne, Bull, Soc, 
Chim. [2], xxix. 109 ; Chem, Soc. J. xxxiv. 4.38), 

OXXiS, PATTY. Properties, Eeavtions, Testing . — On p. 1428 is a table of the 
behaviour of fatty oils with various reagents, tlrawn up by (\ Olossner (Chem. Centr, 
1873, 57) with a view to their detection, and to their distinction one from the 
other. 

The following determinations of the specific gravities of various oils are given by 
S. A. Goldschmidt (A?ner. Chem. vi. 107) with the view of facilitating tho detection of 
adulterations : 


Tallow oil (Olein) 


Winter Rape oil 
Summer „ „ 

Earth-nut „ 

Olive „ 

Almond „ 


Specific Gravity at 16®. 


0-9003 

Beech-nut oil . 


. 0-9207 

0-9160 

Sesame ,, . 


. 0-9235 

0-9169 

Whalo „ 


. 0-9240 

0-91^4 

Poppy „ . 


. 0*9253 

00157 

Hemp „ 


. 0-9270 

0-9170 

Cod-liver „ 


. 0-9270 

0-9170 

Cotton- seed,, 


. 0*9306 

0-9180 

Linseed ,, • 

. 

. 0-935 


Animal oils are turned brown by chlorine, whereas vegetable oils remain 
colourless. Rape-oil may be detected by mixing tho ethereal solution of the oil with 
a few drops of alcoholic solution of silver nitr<ate, whereupon a black colour is produced. 
Pure olive’-oil, intimately mixed with a solution of mercury nitrate, forms a homo- 
geneous mixture, but if it contains earth-nut oil, black streaks are produced (Gold- 
schmidt). 

On the determination of the value of Animal and Vegetable Oils, see also J. J. 
Coleman (Chem. News, xxix. 138, 140. 149 ; Cuem. Soc. J. xxvii. 606). 

On tho detection of the oils of Turpentine and Rosemary in fixed oils used as 
Lubricants, see Burstyn (Dingl, pol. J. ccxiv. 300 ; Chem. Soc. J. xxviii. 920). 

To estimate the amount of Acid (Oleic, &c.) in fixed oils, Burstyn (Zeitschr. anal. 
Chem. 1872, 283; Dingl. pol. J. ccxvii. 3 14) dissolves out the acid with alcohol, which 
exerts scarcely any action on fixed oils, and determines the quantity of acid in the 
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fiolution either by titration with potash, &c., or by measuring with a hydrometer the 
increase of sp. gr. of the alcohol arising from the presence of the acid. 

Estimation of Mineral Oil or Paraffin Wax in other Fats or Oils . — ^For this purpose 
the oil is saponified with an alcoholic solution of caustic soda, and the unsaponified 
oil or wax is separated with pelilroleum spirit. 200 pts. of the oil are placed in a 
. basin with 350 pts. of an alcoholic caustic soda-solution (strength, 9 per cent. Na^O), 
and boiled until the mixture begins to froth. 200 pts. of methylated spirit are added 
to dissolve the soap, &o», 90 pts. of sodium biciirbonate to convert any caustic soda 
iiito Carbonate, and finally 500 pts. of washed and ignited mortar sand. The mixture 
is boilipd for a few minutes, and then the alcohol and water are distilled off from a 
' water bath. The residue when cold is transferred to a wide-mouthed stoppered bottle ^ 
and shaj^n with petroleum spirit ; the sand and soap are allowled to settle ; the 
spirit containing the wax and mineral oil is drawn off and filtered through asbestos ; 
the residual soap and sand is thrown on a cloth ; and the liquid pressed out. The 
petroleum spirit is distilled from the mineral oil at 100®, and the residue transferred 
to a fiaskf with a hole blown in the side, which is fitted with a cork bearing a thermo- 
meter and small piece of glass tubing ; the whole is previously weighed ; and the last 
traces of spirit are distilled at 220® ; dry air is then blown through ; and the whole is 
weighed. Certain corrections have to be made, in consequence of oil capable of sapo- 
nification containing small quantities of non-saponifiable oil soluble in petroleum spirit. 
The correction in the case of Russian tallow amounts to ‘64 per cent. (W. Thomson 
Chem. Hews, xxviii. 167). 

Solubility of Fixed Oils in Glacial Acetic Acid . — The following determinations 
have been made by J. B. Barnes (Pkarm. J. Trans. [3], vi. 221) : 


1 Yol. Glacial Acetic 


1 

1 

1 

2 

20 

1 

1 


I* 

$f 

fi 

tf 




Acid dissolves 7 vols.Fixod Oil of Almonds 
,, 8 „ Olive Oil 

„ 7 „ Cod-liver Oil 

„ 7 » Linseed Oil 

„ 1 „ Turpentine Oil 

„ 1 „ Copaiba Oil 

„ 2 „ Lemon Dil 

„ 1 „ Juniper Oil 


Castor oil and croton oil are dissolved by glacial acetic acid in all proportions. 

Action of Fixed Oils on Copper. — ^W. H. Watson {Chem. NewSf xxxvi. 200), by 
exposing 8 square inches of copper surface to 500 grain-measures of various oils, has 
obtained the following results : — 


Grains of Copper in Solution 
after 10 days after 77 days 


Linseed 

. 0*3 

0*5435 

Olive 

, 0*22 

0*24 

Colza 

. 0017 

0*14 

Almond 

. 0*103 

0*22 

Seal 

. 0*0485 

0*08 

Sperm 

. 0*003 

0*06 

Castor 

. 0*0065 

0*01 

English Neat’s-foot .... 

. 0*11 



Sesame , ^ . 

Paraffin .....*. 

. 0*17 

— 

. 0*0015 

0*003 


See also Cofpeb (p. 558). 

Luhricaiing Oils , — The mineral lubricating oils known as * Vulcan oil * (petroleum 
of sp. gr. 0*87-0*89 purified by sulphuric acid and mixed with 5 per cent, mpe-oil), 
and ‘Opal-oir (petroleum of sp. gr. 0*86-0*87, purified in like manner and mixed 
with rape-oil), have not been found to act well as lubricators for parts of machinery 
which mpve with great rapidity, such as railway axles, spindles, &c. Better results 
are obtained with purified ‘ rosin-oil.’ The strong odour of this oil and its liabiality 
to deposit rosin are removed as follows : 100 pounds of dry thick rosin-oil are heated 
in a pan till of thin fluidity. The fixe is then removed, and 3 pounds of fuming sal- 
phuxie acid are gradually dropped in, with constant stirring. After half an hour’s 
the oil is left to stand for twelve hours, then drawn off by a siphon into a 
yrooden vat, washed with hot water, and dravm off after twelve hours’ settling, the 
Washing being repeated till the water runs off without acid reaction. After several days’ 
separation, a dark yellow, faintly odorous rosin-oil is obtained without blue reflex. 
This oil, mixed with olive or rape oil, may be used advantageously for lubricating the 
heavy parts of machinery. 

To obtain the oil perfectly free from odour, and of clear yellow tint, the dark 
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yellow rosin oil is run into a flask or globe; 1 pound of water is added to 100 pounds 
of it ; the whole is well shaken ; and 8 pounds of hydrochloric acid diluted with 10 
pounds of water are gradually stirred in. To this mixture 1 pound of red lead and 
5 pounds of dilute hydrochloric acid are added ; the whole is frequently shaken ; and 
after some days the oil is drawn off, washed with trater till free from acid, and set 
in the sunlight for about eight days in the flask. Thus treated it becomes of a light 
yellow tint. 

The yellow ro.'^in oil, when mixed with one-third of rape or olive oil, yieldis a 
good lubricating oil for all machine purposes, as it does not deposit rosin ; it can also 
he mixed with petroleum (B. Hoffmann, Dingh poL J, ccviii. 237). 

OZMf VOIiATIilS. Estimation. — The following method is given by 0. Osse 
(Arch. Pharm. [3], vii. 104). The oil is dissolved in petroleum spirit distilling below 
40®, and evaporated in a watch-glass in a current of carefully dried air until nearly 
every trace of petroleum spirit is removed. It is then left to evaporate spon- 
taneously in the open air, and weighed at the end of every minute. When the loss in 
weight during one minute becomes constant, this loss is considered to represent the 
evaporation-constant from which to correct the weight of oil obtained. This correction 
is effected by adding to the weight of the oil when the loss in weight became constant, 
the amount of the constant loss multiplied by the number of minutes during which 
the oil has been previously allowed to evaporate in the open air. 

The method has been applied to the determination of the percentage of volatile 
oils in the aromatic waters of pharmacy, and of the solubility of these oils in water. 

In pifesence of resinous or fatty substances, after the total amount of the mixed 
volatile oil and resinous or fatty bodies has been determined as above, the weight of 
these last can be found by heating the whole to 110® for an hour or two to drive off 
all the volatile oil. By these means the following determinations were made : 



Viflatilc oil 

Fatty nnd resinous bodies 

Buchu leaves. 

. 1*76 per cent. 

2*25 per cent. 

' Laurel .... 

. 13*25 ,. 

25*00 


Cascarilla . 

. 2*50 „ 

4*60 


Indian Anise *• . 

. 13*00 „ 

13*50 

tf 

Clove .... 

. 24*75 „ 

1*75 

>1 


On the Adulterations of Volatile OilSt see Leonhardi (Arch, Pharm. [3], xii. 490 ; 
Che7n. Soc. J. xxxiv. 811). 

Oxidation, — Volatile oils and other volatile organic bodies are rapidly oxidised by 
a mixture of potassium permanganate and strong sulphuric acid, in some cases with 
inflammation and explosion. The best way of producing the effect is to place 10 or 
12 drops of the oil on a capsule ; and touch it with a glass rod, the end of which has 
been dipped into the oxidising mixture just mentioned. The following oils then burn 
with explosion: Thyme^ mace^ rectified turpniline^ valerian ^ cassia^ wild marjoram^ rur, 
cuhebs^ lemofii. The following mostly take fire without explosion, especially if a small 
quantity be dropped on bibulous paper and then touched with the mixture : Oil of 
rosemary, lavender, cloves, rose, geranium, gauUheria, caravmy, cajeput, hitter ahnonds, 
and rectified coal-oil. 

The oxidising properties of turpentine oil and other volatile oils which have been 
exposed to the air — formerly attributed to ,the presence of ozone — was shown by 
Kingzett in 1874 to be due to the formation of an oxidised organic compound which 
readily gives up a portion of its oxygen. This compound from turpoatine oil was at 
first supposed to be monohydrated terpeno oxifle (vii. 887) ; but from later experiments 
(Cheni. Soc. J. xxviii. 210; xxxiv. 127, 135), Kingzett infers that it is the peroxide 
of the radicle of camphoric acid, (C'®H“0*), which, however, has not yet been isolated. 
The aqueous solution obtained by shaking up the oxidised oil with water, or dissolving 
it in alcohol and precipitating with water, contains hydrogen dioxide, resulting from 
the decomposition of the originally formed organic peroxide, together with formic, 
acetic, and camphoric acids. This solution exhibits powerful antiseptic properties 
due to the hydrogen dioxide and camphoric acid. Evaporated to dryness over the 
water-bath, it leaves a dark-colour^ substance having, when hot, a sugar-like odour 
and viscid consistence, and solidifying on cooling to a firm but adhesive mass, which, 
when treated with strong sulphuric apid, ^pves a colour somewhat resembling that 
obtained in Pettenkofer’s bile reaction. This substance, whoso composition may be 
represented by the empirical formula is for the most part soluble in hot 

water, about 6 per cent, remaining as a viscid, insoluble, nearly black substance 
having the same composition (Kingzett, Chem. News, xxxix. 270). 

OXBWZTB. The relations between okenite (iv. 191), centrallassite (i 822), and 
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gyrolite (ii. 963) have been examined by H. How {JPhiL Mag. [6], i. 128), who 
represents these minerals by the following formulae : 

Okenite . . . . . GaSi20s 2H20 = Ca0.2Si0’'.2H*0 

Centrallassite . . . Ca*Si®0".2H“0 = 2Ca0.3Si0*2H*0 

Gyrolite Ca*Si“0».3H'-'0 = 2Ca0.38i02.3H20 

OlbEl'XiriSS, C"!!'-*”. Syntheda. — By heating a mixture of amylene and methyl 
iodide with excess of dry lead oxide at 210® for several hours, a product boiling 
between 36° and 85° is obtained, ono-third of which comes over between 70° and 83°, 
and consists of a mixture of C®H‘2 and ; this portion forms with bromine a 
solid compound, apparently C®ll*2Br2, melting at 139°-140°. The hydrocarbons dis- 
solve in sulphuric acid (2 acid to 1 water), and on the addition of water a liquid and 
a solid body separate out. The latter, which is the hydrate, 2C'H*®0 + H20, of 
Butlerow’s pentamethyletholi melts at 75°. The action of fuming hydrochloric acid on 
the mixed olefines also gives rise to a solid product, molting at 100° and boiling at 
120°“126°, which appears to be a mixture of C®11*®C1 and CH1’*C1. 

Olefines are also formed by the action of lead oxide on alcoholic chlorides, bromides, 
and iodides, at 220°. Isobutyl iodide is thus completely decomposed : 2C^H®I + PbO = 
2C ‘H* + PbP + H20, and isopentyl iodide gives a pentylcno isomeric with that obtained 
by the action of alcoholic potash (EltekofiJ Bcr. xi. 112). 

Action of Bydroc^doric Acid. — From the action of hydrochloric acid on the buty- 
lenes, pentylenes, and hexylenes, Le Bel {Compt. rend. Ixxxv. 832) infers that the 
olefines of the constitution CH^zrCER' and GHE“CR'E", in which E,R^ and H', are 
different or the saine alcohol-radicles, combine with hydrochloric acid in the cold, 
whereas those of the constitution GH2— CHE, and probably CHE— CHR', are not 
attacked thereby. This conclusion, however, requires to be verified by further 
examples. 

Action of Sulphuric Acid. Polymerisation. — From experiments by Gorianow a. 
Butlerow {Liebig's Annalen, clxix. 146), it appears that ethylene is not absorbed by 
strong sulphuric acid at ordinary temperatures, but that at 100°, or better at 160°- 
175°, rapid and complete absorption takes place; and on pibsequently distilling the 
liquid with a sufficient quantity of water, and treating the distillate wdth potassium 
carbonate, ethyl alcohol is obtained. In Berthelot’s well-known experiment, the 
violent and continued shaking doubtless served, not only to bring the gas into intimate 
contact with the liquid, but likewise to develop the heat required to induce the 
absorption. 

Contact of ethylene with sulphuric acid, at the temperatures above mentioned, did 
not result in condensation of the hydrocarbon. Neither did a still further elevation 
of temperature or the employment of fuming sulphuric acid or of fluoride of boron 
produce signs of polymerisation. This remarkable stability in circumstances under 
which its higher homologues are easily affected, indicates that the constitution of 
ethyhme is symmetrical, and not analogous to that of propylene, isobutylene, &c. 

Propylene and isobutylene are readily polymerised by the action cither of sulphuric 
acid or of boron fluoride. A preliminary experiment with isobutylene gave, besides 
trimethyl-carbinol, oily condensation products, a fraction of wdiich boiled at 173°-176°, 
and had a vapour-density corresponding with the formula C‘2H2<. Di-isohutylene did 
not appear to be formed under these circumstances. 

Action of Oxidising Agents. — 0. aifti F. 7md\QT{IAebig's Annalen^ cxcvii. 143) have 
examined the reactions exerted on the olefines by the following oxidising agents : 

(а) an aqueous solution of potassium permanganate ; (5) a solution of potassium per- 
manganate acidified with sulphuric acid ; (c) an alkaline solution of potassium per- 
manganate ; (i^) a solution of chromic acid ; and {e) a mixture of potassium dichromate 
and sulphuric acid. In each case 2-3 litres of the gaseous olefine wore used, and the 
proportion of oxidising agent is tiiken so as to represent 4 mols. of oxygen to 1 mol. of 
oleffiie. 

Ethylene yielded the following results : — With (a) formic, acetic, and oxalic acids; 

(б) carbonic, formic, acetic, and oxalic acids (traces) ; (c) carbonic, formic, acetic, and 
oxalic acids; (d) no action at the ordinary temperature .but at 100° carbonic acid, 
and small quantities of formic, acetic, and oxalic acids are formed ; (e) the same as 
(rf). These results differ somewhat from those obtained by Truchot {Annalen^ cxli. 
108); Berthelot {Cempt. rend. Ixi. 35; Arnalen Suppl.w. 95; Compt. rend, ixmi, 
333; Annalen, eX. 373; Ann. Chim. Phys. 1875 [5], vi. 449); and by Chapman a. 
Thorpe {AnnaXm, cxlii. 182). 

A'opylene yielded (a) carbonic, oxalic, and acetic acids, and traces of an acid, per- 
haps succinic or malonic acid ; (5) carbonic, sicetic, oxalic acids, a little formic acid, 
and traces of an acid which may be either malonic or gly collie acid ; traces of acetone ; 



1432 OLEFINES— OLEIO ACID. 

{c) carbonic, acetic, oxalic acids, traces of formic acid, and probably malonic acid, also 
a small quantity of acetone ; (d) small quantities of carbonm acid, but large quantities 
of formic and acetic acids, and only a trace of oxalic acid ; (s) the same result as (d). 

Isobutylene, CH*)*Cz=:CII*, proparod from fermentation butyl iodide, yielded the 
following results : — («) carbonic acid, small quantities of acetic and formic acids, and, 
as chief product, oxalic acid ; (A) carbonic, formic, acetic, and oulic acids ; (e) car- 
bonic, small quantity of formic, acetic, and oxalic acids ; (d) no action in the cold, 
only at the temperature of steam-bath, yielding carbonic, formic, acetic, and oxalic 
acids, also acetone ; (^) the same as (d), the action is, however, more energetic. Iso- 
butylene does not in any case 3'ield succinic acid. 

F. Zeidler {Annale}i, clxxxvi. 247) obtained by the oxidation of amylene, b. p. 
35°, butyric and succinic acids. Since then, Wischnegradsky {Annalen, cxc. 328) 
has shown that this olefine consists of two isomerides, one of which is trimothyl- 
ethylene, and the other either propylethylene or ethyl methylethylene. The latter 
(b. p. 35°-37°), prepared from oiniinary amylene by means of its insolubility in sul- 
phuric acid, yields on oxidation with an alkaline solution of potassium permanganate, 
succinic and oxalic acids, also formic and butyric acids, and traces of carbonic acid. 
These results show the constitution of this amylene to be CH*.CH'’.CH=*C1I“0H*, i,e. 
propylethylene, and not ethylmethylethylene (see Amylenes, p. 81). 

The difference in action of the several oxidising agents on the olefines is a difference, 
not of kind, but only of degree ; in other words, it is quantitative, but not qualitative. 
Moreover, the olefines are attacked at the point of double union, and the resulting 
monohasic acids are, as shown by P. de St. Gillcs {Compt. rend. xlvi. 811) and 
Berthelot {Annalcn, Siippl. v. 95 ; vi. 181), further oxidised to bibasic acids. The 
formation of acetic acid from ethylene, and of malonic acid from propylene, may bo 
explained by supposing the addition of water as H and Oil to take place ; for instance, 
in the case of ethylene, a primary alcohol would bo first formed, and the molecule not 
broken up. In the case of propylene, the addition may take place so as to form the 
primary or secondary alcohol, which by further oxidation may yield malonic acid and 
acetone ^ 

CH^CH=:Cn'^ + H.OH « CH».Cm.CII2(OH), 
or • 

CH».CHz=CH=* + HO.H - CH».CH(On).CH». 

Formation of Glycols, Aldehydes, and Ketones from the Haloid Compounds of the 
Olefines. — The haloid compounds of ethylene, when heated with water and lead oxide, 
yield glycol and aldehyde, whilst propylene chloride and bromide, under the same 
circumstances, yield propyl-glycol, acetone, and propaldehyde. Similarly isobutylene 
bromide yields isobutyl-glycol and the corresponding aldehyde, and tri methylethylene 
bromide yields isopropylm ethyl ketone. These results show that the first product of 
the action in every case is a glycol, which by elimination of water is partially or 
entirely converted into aldehyde or ketone (Eltckoff, Ber. xi. 989). 

Decomposition of Olifine Bromides, E''Bp*, by the Copper-zinc couple and hy Zinc 
alone. — The decomposition of ethylene bromide by zinc and by the couple has boon 
already described (vii. 489). Propylene and amylene bromide are decomposed in the same 
manner, the action in all cases being a simple abstraction of the bromine by the zinc 
and liberation of the olefine. In the case of propylene bromide the dry couple pro- 
duces very little decomposition, but the action is^facilitated by water, as with ethylene 
bromide. Zinc alone acts but slightly when Netted with water, but in presence of 
alcohol it decomposes the bromide rapidly after about 17 minutes’ contact. Amylene 
bromide is not attacked by the couple wet with water at 1 6°, but rapid action takes 
place at 60°. In contact with alcohol, zinc alone effects the same decomposition at 
ordinary temperatures (Gladstone a. Tribe, Chem. Soc. J. xxvii. 408). 

OlfBXC ACZD, When a mixture of glacial acetic acid and water is gra- 

'dually added to an alcoholic solution of oleic acid, a point is reached at which the oleic 
acid remains entirely dissolved, but is completely separated by the addition of one- 
tenth of a C.C. more of the acid, whereas stearic acid in alcoholic solution begins to 
precipitate as soon as the acetic acid is added, and is entirely insoluble in a mixture 
of alcohol and acetic acid, and even in presence of oleic acid. This difference of 
behaviour affords the means of separating and estimating the two acids in mixtures 
produced by the saponification of fats (J.'David, Compt. rend. Ixxxvii. 1416 ; Chem^ 
8oc,J. xxxiv. 1011). 

Conversion into Stearic Acid. — ;This conversion may bo effected by heating oleic 
acid with hydriodic acid (b. p. 127°) and amorphous phosphorus to 200°-210° in a 
sealed tube for eight hours, then opening the tube to allow hydrogen phosphide to 
escape, resealing it, and heating it again. By this treatment the liquid oleic acid is 
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completely converted into a crystalline mass of stearic acid, which may be purified by 
melting it under water, rocrystallising it from hot alcohol, treating it with sodium- 
amalgam to remove any small quantity of iodine that it may retain, and once more 
crystallising it from alcohol ((>. Qoldsclimiedt, JVzen. Akad. Ber. h^xii. 366). See 
also M. A. Muter (Analyst, ii. 73). 

Mercury Oleate . — For the preparation of this salt from mercuric oxide and oleic • 
acid, A. Hilger (Arch. Fharm. [ 3], iii. 490) recommends the use of mercuric oxide 
prepared in the wet way and dried as quickly as possible. The temperature of the 
mixture should not be allowed to rise above 70'% otherwise reduction of the mercuric 
oxide will take placo.^ The preparation containing not more than 16 to 16 per cent, 
mercuric oxide forms' viscid masses of yellow to red-brown colour. As the proportion 
of mercuric oxide increases, the mixture acquires an unctuous consistence, and when 
more than 30 per cent. HgO is added, immediate decomposition takes place, attended 
with separation of mercury. The same decomposition appears to take place after 
long keeping in preparations containing smaller proportions of the oxide. It does not 
appear possible to prepare pure mercury oleate by double decomposition. See also 
C. Rico (Pharm. J. Trans. [3], iii. 682 ; vi. 147 ; Chem. 8oc. J. xxvi. 610). 

OXiXSlirES. Syn. with Olefines. 

OUBEITB, O’®!!'*. A volatile oil obtained from incense. This substance, dis- 
tilled with water, yields an oil which passes over at 160°-170® ; and this oil is resolved 
by fractional distillation into olibeiie boiling below 160°, and a small portion of an 
oxygenated oil which l)oils above 175®. 01il>ene, treated with dry hydrochlcaaric acid 
gas, forms a crystalline hydrochloride, smelling like camphor, easily soluble in alcohol, 
melting at 127°. The resin of incense appears therefore to consist of condensation- 
products of a terpeno (Kurbatow, Liebig's Annalen, clxxiii. 1). 

OXiZGOCXiASE. The following analyses of this mineral have lately been 
published in addition to those given under Felspar (pp. 773, 771) : 1. From Union- 
ville, Pennsylvania, occurring in yellowish and brown-white grains, in a fewjnstanccs 
with recognisable and then striated cleavage-faces ; enclosing corundum* arid. a second 
mineral, probably spinel; analysed by Chatard (Jahresb.f. Chem. ISIS, 1152). 2. 
From the granitic gneiss of New York. Sp. gr, 2*644 (P.‘ Schweitzer, Am. Chemist, 
iv. 444). 3. From the lava of Santorin, which is rich in oligoclase. Sp. gr. 2*629 
(Fouqu4, Compt. rend. Ixxx. 631). 4. From the graphite-garnet gneiss, called 
Kinsigite, of Schenkenzell near Wittichen in the Schwarzwald (Hebenstreit, 
ibid. 417). 



SiO» 

A1“0> 

Fe’O’ 

FcO 

CaO 

MgO 

K»0 

Na»0 

H=0 

1. 

69*35 

24*16 

0*61 

— 

3*08 

0*34 

3*78 

7-22 

1*96 = 100*60 

2. 

63*36 

22*28 

— 

0*67 

4*24 

— 

0*96 

8*14 

0*40 = 100*05 

3. 

69*7 

23*2 

0*4 

— 

7-9 

1*0 

0*8 

6*6 

— « 99-6 

4. 

62*90 

22*23 

trace 

— 

4*46 

— 

2*09 

8*48 

— = 100*16 


On the action of water containing carbonic acid on Oligdclase, see Minerals 
(p. 1329). 

OlkXVE OlXi. Extraction, — ^Tho calciireous soil of the district of Sahil in Tunis 
is very well adapted to the culture of the olive. In this district there are five 
million olive-trees, which, if the winter and spring rains occur in normal amount, 
yield annually 40,000 tons of oil. The gathering of the olives takes place in December 
and January. The olives are crushed between horizontal millstones; the pulp is 
immediately thrown into water ; and tlie oil which then comes to the surface is sold 
as best quality (Lrah-el-^na). By pressure a strong-smelling oil of inferior quality 
(Masri) is obtained. The press-cakes are used as fodder for camels. The quantity 
of oil exported from Tunis in five years (1869--73) represented a value of 300,000^. 
sterling. 

Testing . — The following method of testing the purity of olive oil by means of its 
conversion into solid claidin was given by E. Kopp (Deut. Chem, Ges, Ber. viii. 
979). 10 vols. of the oil and 1 vol. ordinary nitric acid are introduced into a test-tube 

together with a few pieces of copper wire ; and as soon as the gas-bubbles begin to pass 
somewhat rapidly through tlio supernatant oil, the acid and oil are intimately mixed 
by stirring with a glass rod, the mixture then loft to itself for a few minutes, and the 
separated liquids again mixed by stirring ..nd heating. If it 'bo then left in a cool 
place, the oil after some time begins to solidify, the solidification being quicker in 
proportion as the oil is purer. In mixtures with other oils the solidification is much 
slower, and the elaidin formed, instead of being white and hard, is soft, and has a more 
or less yellowish or brownish colour. 

On the Detection of Earthnut OU in Olive Oil^ see vol. vii. p. 443. 
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On the Cha/ractera by which Olive Oil is distinguished from other Fixed OUs^ see 
Glossner’s table (p. 1428). 

O&lVfiS. The following analyses of tho fruit and loaves of the olive, ‘Blanquet * 
variety, collected at intervals of a mouth from May 30 to November 30, are given by 
A. Roussille {Compt, reiid, Ixxxvi. 610). 


Composition of the leaves 

Mfiy 30 

June 30 

July 30 

Aug. 30 

Sept. 30 

Oct. 30 

Nov. 30 

Fat and chlorophyll 

6*432 

4*330 

4*578 

4*577 

3*631 

3*766 

3*702 

Nitrogenous substance . 

8-755 

8*162 

9-337 

8-275 

7*883 

8*-287 

8*443 

Lignin 

18-886 

16*444 

18*833 

20*778 

27*709 

27*514 

28*117 

Ash 

7*777 

7*217 

6-987 

8*091 

0-610 

6-848 

5*861 

Unestirnated .... 

59-130 

63-847 

60*265 

58*279 

64*207 

53*585 

53*877 

Alkaline salts 

10*794 

19*795 

22*190 

8*992 

12-849 

16*834 

19*006 

Karthy phosphates 

12*938 

27*005 

22*360 

8*604 

9*754 1 

11*127 

12*304 

„ carbonates, &c. . 

70*554 

49*820 

46*410 

75-606 

72*483 

69-009 

66*740 

Silica 

5*714 

3*380 

9-040 

6*798 

4*918 

3*030 

2*950 


Composition of the pulp of the fruit 

June 30 

July 30 

Aug. 30 

Sept. 30 

Oct. 30 

Nov. 30 

Water 

22*003 

60*690 

66*051 

56-005 

51*688 

50*198 

Fat and chlorophyll 

1-397 

5*490 

29*190 

62*304 

67-213 

68*573 

Nitrogenous substance 

— 

— 

14*619 

4-189 

4*411 

4*329 

Ligniu 

— 

— 

13*341 

7*432 

7*072 

6*096 

Ash • 

— 

— 

4*156 

2*736 

2-964 

3-060 

Unestirnated 

98*603 

94*610 j 

38-694 

23*339 

18-340 

17-940 

Alkaline salts 




81-818 

82*600 

86-353 

85*916 

Earthy phosphates, &c. , 

— 

— 

16-642 

16*250 

13-068 

13*616 

Silica 

— 

— 

1-640 

1*250 

0*579 

0*469 

in the alkaline salts 

— 


1-675 

4*421 

4*784 

6*164 


Fatty Matter and Chlorophyll . — The chlorophyll, which is very abundant in the 
leaves at the end of May, gradually diminishes in quantity ; it does not migrate to 
the fruit. 

Nitrogenous Matter . — In the leaves, the nitrogen increases until tho end of July. 
In August it greatly diminishes, and accumulates in the pericarp. A migration of 
nitrogen in tho fruit then takes place, probably going to tho endosperm, for tho amount 
diminishes two-thirds by tho end of September. Afterwards (when the kernel should 
be forming) the proportion slightly increases in both loaves and fruit. 

Lignin . — In the leaves, this substance decreases in June, after which it continues 
to increase. 

Mineral Matter . — In tho leaves, the mineral matter increases to the end of August, 
and then diminishes until tho fruit ripens. The proportion of alkaline salts increases 
until the end of July : in August it goes to tho fruit, forming the chief mineral con- 
stituent. A steady increase in the leaves again takes place, and continue.s* until the 
fruit is gathered. Magnesium and calcium phosphates increase in the leaves until 
July, rapidly diminishing in August, as is tho case with the alkaline salts. It ap- 
pears that the migration of the' phosphates preccMies that of the alkalis, corresponding 
with the migration of the nitrogenous matter ; whoretis that of tho alkaline salts cor- 
responds with the non-azotised proximate principles, and to their conversion into fatty 
substance. In the fruit, the mineral matter reaches its maximum by the end of 
August, and then diminishes, but again gradually increases as it ripens. The alkaline 
salts increase with the fatty matter in almost a definite proportion with the potassium 
phosphate, thus (combined with potassium) : — 

1*675 P*0* at the end of August with 20*190 fat. 

4*421 „ „ „ September „ 62*304 „ 

4*784 „ „ „ October „ 67-213 „ 

5*164 „ when the fruit was gathered „ 68*676 „ 



OLIVIL— OLIVINE. 1436 

The calcium and maf^nesium phosphates are at their maximum in August, at the 
same time as the nitrogenous matter. Phosphoric acid can enter the endosperm only 
in the form of alkaline phosphate. 

Silica.— PiobAhly an accidental impurity. 

OXiZVZli. When pure olivil (m. p. 119°-120®), obtained from the gum of the 
olive-tree (iv. 200), is digested for an hour with concentrated hydriodic acid (b. p. • 
127®), a mixture of the iodides of methyl and ethyl is obtained, together with a black 
non-volatilo solid substance of glistening aspect. This substance is insoluble in water, 
only slightly soluble in other, but readily soluble in alcohol, especially when hot, and 
precipitated therefrom by water (D. Amato, chim. ital. 1878, 83). 

OZilVZirE, The following are recent analyses of this mineral : 1. Transparent 
pale.yollow olivine, sp. gr. 3-261, from Vesuvius (E. v. Dingelstedt, Jahrb. f. Min. 
1874, 86). 2. Small, light brownish crystals, sp. gr. = 3’183, occurring, together with 
humito, in the geodes of a block ejected from Vesuvius (G. vom Rath, Berl. Akad. Ber. 
1874, 715). 3. Prom the basalt of Kosakov (Farsky, Vcrh.geol, Eeichsanst. 1876, 205). 

4. From the basalt of the Liitzelberg, a mountain of the Kaiserstuhl range, whore it 
occurs, to the amount of 78 per cent., in nodules together with chrome-iron ore and two 
pyroxenes, viz. a chrome diopside and a mineral nearly allied to bronzite (A. Knop, 
Jahrb. f. Min. 1877, 697). 5. From the palaeopicrito of the Black Stones of Nassau 
(K. Oebbecke, ibid. 844). 



SiO’ 

MgO 

CaO 

FcO 

NiO, CaO 

MnO 

CrO 

Cr“0> 

A1»0» 



1. 

42*30 

51*64 

1*08 

5*01 









0*42 


100*45 

2. 

39-93 

48*70 

— 

8*43 

— 

1*03 

— 

— 

0*10 

= 

98*19 

3.* 

41*22 

49*36 

— 

9*13 

0*24 

0*16 



0*05 

0*14 

=s 

100*30 

4. 

41*2 

49*7 

— 

8*7 

— 

— 

— 

— 

— 

sa 

99*6 

5. 

42*53 

36*68 

14*09 

6*48 

-- 


— 

— 

— 

= 

98*78 


Rclatiom helwem Olivine and Serpentine . — Olivine occurring in small granules in 
the serpentine of Snarum, the well-known locality of pseudomorphs of Sb..peiitine after 
olivine, has been analysed, together with the accompanying serpentine, by A. Helland 
{Bogg. Am. cxlviii. 329) : 


Olivine 

S10» 

MgO 

FeO 

CrO 

AFO* 

Loss by 
ignition 

Sp.gr. 

41*32 

64-69 

2*39 

0*06 

0-28 

0*20 = 98*93 

3*22 

Serpentine . 

42*72 

42-62 

2*25 

trace 

0-06 

13-39 = 100*94 

2*63 


Supposing that the conversion of the olivine into serpentine has taken place with- 
out alteration of volume, and taking into account the difference of density of the two 
minerals, the weights of the two in grams contained in 1 cubic centimeter of substance 
will be as follows : 

Olivine . . . 1-345 0*009 0*078 0*002 1*780 0*006 = 3*220 

Serpentine . . 1*071 0-002 0*056 — 1*066 0-336 - 2*530 


Increase or Decrease —0*274 —0*007 —0*022 —0*002 —0*716 +0*330 

All the other minerals found in the serpentine bed, viz. magnesite, hydrotalcite, 
quartz, mica, magnetic iron oxide, ayd titanic iron, may, with the exception of the hast, 
be regarded as secondary products of the transformation process, admitting the access 
of a small quantity of carbon dioxide (for the magnesite) and of alkalis (for the mica). 
The titanic iron appears, from the mode of its occurrence, to be a pre-existing 
mineral. 

Several hydrated silicates related to serpentine, and therefore to olivine, have been 
analysed by F. v. Kobcll {Jahrb. f. Min. 1874, 733) : 

1. Chrysotil from Zermatt; palo yellow fibrous masses. 2. Antigorite from 
Zermatt : dark grey crystalline monotomic masses. 3. A mineral from Kraubath in 
Styria, nearly allied to the marmolite of Hoboken : compact, yellowish-white ; sp. gr. 
« 2*13. 4. from Hoboken : crystallo-laminar. 



SIO* 

MgO 

FoO 

A1“0> 

I[“0 

1. 

4*2*5 

43*0 

2*0 

— 

13-1 = 100*6 

2. 

42*73 

36*51 

7*20 

1-33 

11*66 - 99*43 

3. 

42*0 

38*5 

1*0 

tmeo 

17*5 = 99*0 

4. 

42-00 

41*00 

0*90 

0*26 

16*00 « 99*16 


Also very slight traces of CriO* in 1, of Mn®0* in 3. 

* Mean of three analyses. 
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According to these results, the minerals in question may bn referred to two species, 
viz. chrysotil and antigorito to 3MgO.SiO*.2H*0; vorhauserite (v. 1006) 

and the Kraubatli mineral to marmolite, 5Mg0.3Si0*.4H*-'0. 

The numerical relation of these species to olivine is shown by the following 
comparison : 

Olivine = 2MgO . SiO* 

+ IJH^O 


Villarsite = 2MgO . SiO^ . ^H-0 
+ Enstatite or Tremolite Hydrate = MgO . SiO® . i|H®0 


Serpentine = 3MgO . 2SiO® . 2H®0 
+ Olivine Hydrate = 2MgO . SiO® . 2H®0 


Marmolite = 6MgO . 3SiO® . 4H®0 

The processes of transformation may, however, be equally well regarded as separa- 
tion, with simultiinoous assumption of water, provided that wo start, not from one 
but from several molecules of olivine regarded as pre-existing : 

3 Olivine = (6Mg0.3Si0®) — (3MgO.SiO®) + 2fl®0 = Serpentine 
3 Olivine = (6Mg0.3Si0®) — MgO + 4ir“0 = Marmolite 

O&ZVZZrB-ROCX. The olivine-rocks of the granulite district of Saxony have 
been described by H. Mohl {Jahrb.f, 3fin, 1876, 225 ; Chem. Soc. J. xxx. 338) ; they 
are of two kinds, garnet oHvine-rock and enstatite olivine-rock, aceoMingly as garnet 
or enstatite is the predominating constituent, next to the olivine. Several varieties of 
olivine-rock, including the dunife of New Zealand, the Ihersolite of the Pyrenees, the 
eruptive rocks of the Eichtelgcbirge, of Ellgost in Austrian Silesia, and of the Hessian 
Hinterland, have been described by U, Mohl {Jahrh,f. Min, 1877, 413 ; Chenu Soc. J. 
xxx. 119]^ 

The following are analyses of olivine-rocks. (1). From the Culsagee Mine near 
Franklin, Macon County, J^^orth Carolina. (2). Kock consisting of serpentinised 
olivine with plagioclase from the Cullikenee or Buck Creek Mine in Clay Coimty, 
North Carolina : analysed by Chatard {Jahresh.f. Chem. 1873, 1166). (3). Diallogite 
olivine-rock of Mohsdorf in the Saxon granulite district (Leuchardt, ibid. 1876, 1280) 
(4). Olivine-rock from the Ultenthal (J. It. Muller, Jahrh.f. Min. 1877, 739): 



biO» 

MgO 

CaO 

FeO 

Fe»0» 

AFO’ 

H“0 


1. 

41*58 

49-28 

0*11 

7*49 

— 

0*14 

1*72 = 

100*32 

2. 

35*19 

40*99 

— 

9*70 

— 

0*64 

13*48 = 

100 

3. 

41*99 

31*49 

1*84 

1*66 

9*14 

6*73 

7-09 = 

99*94 

4. 

40*82 

46*81 

trace 

12*36 

— 

0-86 

— = 

99*84 


OMPBXCZTZS. Analyses of this mineral have been made by Fikcnschor 
(Jahresh.f. Chem. 1874, 1301) and Liidecke 1876, 1232): 1. From the eclogite 
of Obernpferdt, near Schwarzenbach in Saxony. Sp. gr. = 3*263 (Fikenscher). 
2. From the glaucophanc of the island of Syra (Liidecko) : 

SiO* A1*0* FeO CaO MgO K“0 Na*0 11»0 

62-67 9*12 6*32 17*41 12*76 , 0 28 1*11 0*32 = 99*88 

62-63 4*6 11-8 12*8 16*1 ‘ — — 1*69*= 99*62 

* Loss by ignition. 

OinrX- Damour (Compt. rend. Ixxxii. 1086) has analysed a so-called alabaster 
which, under the name *Onyx of Tccali,* has lately been largely imported into France 
from Mexico for the fabrication of ornaments. It is milk-white, yellowish- white, or 
pale green, sometimes with red-brown veins, and exhibits wavy layers. Sp. gr. = 2*77. 
A. Direct result of analysis. B. Constituents grouped as carbonates : 


A. 

CO* 

43-62 

CaO 

60*10 

MgO FcO MuO 

1*40 4*10 0*22 

Traces of silica. 

H*0 

0*60 

= 99*94 

B. 

CaCO* 

89*46 

MgCO* 

2*92 

FeCO* * MnCO* 

6*60 0*36 

H*0 

0*60 

= 99*94 


Damour has found manganese in other limestones, Iceland spar for example. 

OPAB. Opal is found, as perlite and^nVe, in the neighbourhood of San Piero, 
Elba, in kaolin, also in the form of a crust and globular. At Valliceila, in the same 
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neighbourhood, opal occhirs usually as hyalite^ in cavities in a granite vein. The opal 
of Sant* llario and San Piero encloses gain^, those of the former locality being light 
yellow, and those from the latter black (G. Koster, Jahrh.f. Min. 1877* 631). 

F. M. Endlich describes an opal occurring as a deposit of the Upper Geyser basin 
on the Firehole River. An analysis by A. 0. Peale of a milk-white variety, sp. gr. 
= 2*4903, gave 95*84 per cent, silica, 2 G8 Fo-'O® and 1*60 loss by ignition (= 100*02)g| 
with traces of alumina, magnesia, potash, soda, and lithia. A light greenish-brown 
specimen, of sp. gr. 2*0816, gave 6‘3 per cent, water. 

An opal containing 8*85 per cent, water, and answering to the formula 3Si0*.H*0, 
when exposed to a stream of dry air at 100°, gave off 5*01 per cent, water very quickly, 
whereby it was converted into GSiO‘^.H-0, the rest very slowly. An artificially pre- 
pared hydrate, SiO'‘*.4H*0, was quickly converted, under similar conditions, into 
SiO'-'.H^O, less quickly into GSiO^ H-O, the remainder of the water in this case also 
being given oflP very slowly. 


I See Naucotinb-dbrivatives (pp. 1383, 1384). 


OPZA»rZC ACZB.) 

OPZWZC ACZB. 

OPZUnz. Twelve sorts of opium, analysed by Fluckigor {Pharm. J. Trans, [3], 
V. 846), gsive the following results ; 




I 

IT 

TTI 

IV 

V 

VI 

Ethereal Extract . 


. 24*2 

21*7 

220 

20*6 

14*1 

17*4 

Crude Narcotine . 


. 10*0 

9*0 

8*5 

7*6 

7*6 

8*0 

Wax . 

, 

. 14*2 

12*7 

13*5 

13*0 

6*6 

9*4 

Pure Narcotino 

. , 

. 4*0 

6*1 

6*5 

4*6 

4*7 

3*1 

Crude Morphine . 

. , 

. 11*2 

11*2 

14*2 

10*6 

14*4 

— 

Pure Morphine 

• 

. 8*6 

4*3 

3*5 

4*6 

6*1 

3*8 



vn 

VITI 

IX 

X 

XI 

XII 

Ethereal Extract . 


. 20*4 

■ — 

26*0 

23*7 

18*1 

23*6 

Crude Narcotine . 

, , 

. 9*7 

— 

10*2 

12*2 

9*3 

11*6 

Wax . . 


. 10 7 

— 

14*8 



12*0 

Pure Narcotino 

, , 

. 6*4 

7*7 

6*4 


6*0 

8*1 

Pure Morphine 

• 

. 3*2 

6*07 

M 

6*8 

4*3 

8*3 


I. Patna Opium. II. Indian Opium, 1852-3. III. Akbari Opium. IV. Bohar Opium. 
V. Maliva Opium. VI. Sind Opium. VII. Hyderabad Opium. VIII. Opium from 
Candeish. JX. Persian. X. Egyptian. XL Opium from Playford, Suffolk, 1823. 
XII. English, 1859. 

W. D. Howard {Pharm, J. Trans. [3], vi. 721) found in a sample of Persian opium 
said to be perfectly pure : 


Morphine Codeine Narcotine Thebaine Cryptopine Papaverine 

16*40 0'29 2’50 0'57 0*09 trace per cent. 

A cheap sort of Persian opium was found by Proctor {ihid. 1024) to'contain only 
0*25 per cent, morphine. A very hygroscopic variety of Persian opium, examined by 
Carles {ihid. iii. 883) yielded 52 per cent, aqueous extract, and contained 8*4 per cent, 
morphine, 3*6 narcotine, and a small quantity of glucose. 

The ash of Bcliar opium — a mixture of the ashes of various samples from the 
Government Factory, Patna, — has Ijeen analysed by C. Warden {Chem. News^ xxxviii. 
146). It was of a light grey colbur, and contained 0*8575 per cent, of charcoal, 
which was deducted before calculating the percentage composition, which is as 
follows : — 

Po'O* CaO ^tgO K»0 Na'O SO> P»0‘ SiO« 

1*9839 7*1344 2*3104 37*2405 1*7006 23*1419 10*9021 16*2740 

There are also traces of alumina, manganese, carbon dioxide, and chlorine. The 
sulphuric acid, of which there is an unusually large quantity present, is supposed to 
bo united with the potash and lime. 

On the methods of estimating Morphine in Opium, see p. 1338. 

On the reaction of Opium- bases with Iodised Ilydriodic Acid^ see Alkaloids 
(p. 66) ; with Hydrogen Sulphide, Auric Bromide, Sodio-aurous Thiosulphate, Lead 
Tetrachloride, and Ammonium Molybdate, see p. 56 ; with Sulphuric Acid and Ferric 
Chloride, see Plant-bases. 

OFOPOIZAZ. See Resins. 

OBAVOS-PEEZi OZZi. See vii. 877. 

OECZirOE, CUl"02=C*H*(CH®)(OH)*-*. Orcin. Estimatirm in Dys-lichens.-^Th^ 
quantity of orcinol in a dyedichen may be estimated by titration with bromine-water, 
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the reagent being added till the suspended precipitate, whieh for a while has become 
white, again acquires a yellowish tint, and an excess of Jbromine is indicated by the 
smell. The reaction, which is quite definite, consists in the formation of tribromorcinol, 
80 that from the quantity of bromine used (the excess being determined by moans of 
potassium iodide and sodium thiosulphate), it is easy to calculate the quantity of 
OTcinol in the liquid (S. Iloymann, Ber. viii. 790). 

Actmi of Anivionia. — Liebormann a. Troschke (ibid. vii. 247), by acting on orcinol 
with ammonia in contact with the air, have obtained two colouring matters which 
appear to have the formula and The first is probably formed 

as represented by the equation, 

2C^H*0* + NH» + 0> - C»H»NO< + 3H=0, 

Blnltroso-orclnol, C^II^(NO)®(OH)* (Stenhouse a. Groves, Chem. Soc. J. xxxi. 
644). This compound is formed, but in small quantity only, by treating orcinol with 
potassium nitrite and acetic acid; much more readily by the action of nitrosyl 
sulphate on orcinol : 

0’H«(OH)2 + 2(H.N0.S0^) = 22^80^ + CaP(NO)*(OH)«. 

It is advisable to use a solution of nitrosyl sulphate contiiining 15 per cent. N*0*, 
prepared in the manner already described (p. 1419), so as to ensure the absence of 
nitric acid. Of this solution, 100 pts. are added gradually and with continued 
agitation to 20 pts. of crystallised orcinol dissolved in 2000 pts. of water. As the 
liquid is somewhat apt to froth, and the nilrosyl-soliition is decomposed instantly on 
coming in contact with water, it is best to rim it into the orcinol solul ion below the 
surface of the liquid by means of a long-necked funnel or a bullMlropping tube 
furnished with a stopcock. The dinitroso-orcinol then begins to separate in a few 
seconds, and in the course of eighteen to twenty-four hours is completely deposited in 
the form of a yello\iish-brown powder. For purification, it is washed with cold Avater ; 
converted into an ammonium salt by suspending it while moist in 10 to 15 pts. of 
alcohol ; adding alcoholic amnonia by small successive portions till the brown powder 
is completely cuu!Uftou".\5ito a green crystalline powder; finally adding a sliglit excess 
of ammonia ; leaving the w;^ole at rest for a few minutes ; and separating the green 
crystals from the brown mother-liquor by pressure on a cloth filter. This purified 
ammonium salt is decomposed by stirring it up w ith water and dilute sulphuric acid, 
and leaving the mixture to itself for some hours, the dinitroso-orcinol thereby separated 
being collected on a vacuum-filter and well washed with cold water to removo 
adhering ammonium salt. Another treatment or two with alcoholic ammonia serves 
remove all soluble impurities from the nitroso-orcinol, yielding a product which is 
of a very pale colour, but as it is liable to contain some lead sulphate derived from 
the concentrated .sulphuric acid employed in the preparation of the nitrosyl sulphate, 
it is advisable to dissolve it in a dilute .solution of sodium hydrate, and precipitate the 
filtered liquid by an acid. This is most conveniently done by suspending the purified 
dinitroso-orcinol in 10 to 15 pts. of water, and adding a solution of sodium hydrate 
until nearly the whole is dissolved. The solution is then filtered and strongly 
acidulated with dilute sulphuric acid. 

Pure dinitroso-orcinol, prepared by the decomposition of the sodium or ammonium 
compound, is a pale-coloured crystalline powder, but it may bo obtained in distinct 
crystals by adding a solution of 4 pts, of orcinol in 400 of water to a dilute aqueous 
solution of nitrous acid (made by pouring 20 pts.^of the nitrosyl sulphate solution 
containing 3 of N*0* into 1600 of w'atcr). The liquid becomes deop-yellow, and on 
standing for twenty-four hours, deposits the dinitroso-orcinol in sharply-defined 
transparent prisms of a deep-yollow colour. It is almost insoluble in water, alcohol 
ether, benzene, &c., but dissolves in hot glacial acetic acid, and is reprecipitated 
apparently but little altered, on diluting the solution with water. It dissolves when 
boiled with alcohol, but undergoes decomposition at the same time. Cold concentrated 
sulphuric acid dissolves it with deep-rod colour, and the solution, if at once poured 
into water, deposits unaltered nitroso-orcinol ; on lieating the solution in tho concen- 
trated acid, however, or even on allowing it to stand for some time, it is decomposed. 
When nitroso-orcinol is heated in a narrow tube, it begins to turn dark rapidly at 110°, 
but without fusing, and at 140° it becomes almost black. Heated rapidly on platinum- 
foil, it melts and decomposes, but without defiagration. 

The potassium-, sodium-, and ammonium^erivatives of dinitroso-orcinol are green 
crystalline compounds, soluble in water, but only slightly soluble in alcohol. The 
ammonium compound is decomposed by prolonged contact with alcoholic ammonia. 
The derivatives containing the metals of the alkaline earths and the heavy metals are 
brown amorphous insoluble precipitates, 

0’H»(N0*)0« = C®H*(Cfl«XNO*)(OH)* 
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ITItro-orolnols. h Monmitro-orcinds , — An ethereal solution of orcinol treated 
with a mixture of nitrous and nitric acids, deposits on standing a brownish-red crys- 
talline body, almost insoluble in ether, very sparingly soluble in alcohol, and crystal- 
lising from acetic acid in brown ^anular crystals with beetle-green lustre. Water 
containing a trace of an alkali dissolves this compound with a splendid purple colour, 
and the solution, when very dilute, exhibits a vermiilion-red fluorescence. With 
concentrated sulphuric acid it forms a purple solution, which, on standing, or on heaw 
ing, turns brown. The empirical formula of this body, which is not explosive, is 
0mh“NO»: 

4C»H«0* + = 2C»^H”NO» + 6H*0. 

On dissolving it in hot concentrated nitric acid, a dark reddish-brown liquid is 
formed, from which, on cooling, glistening bright-red prisms, crystallise 

out ; they dissolve in water and alcohol with a crimson colour, which turns brown on 
addition of ammonia. The ethereal solution, even if very dilute, exhibits a magnificent 
Vermillion -rod fluorescence. 

On distilling the ethereal mother-liquor of the first of these compounds, a brown 
syrup is left behind, containing two mononit ro-orcinols; one of them, called 
a-nitr(H)rcinol, volatilises with steam, and is obtained by resublimation in long, soft, 
glistening, orange-red needles, melting at 120° and dissolving readily jn alcohol and 
ether, but very sparingly in cold water. On boiling it with baryta- water, the normal 
salt, C’H'’(N0'‘*)0‘^.15a, is obtained in bronze-coloured needles, which, when suspended 
in water are decomposed, the acid salt [C’H^NO^(OH)OJ‘“Ba being formed, which 
crystallises in small greenish-brown pUtos with a mebillic lustre, fi-nitro-orcinol is 
isolated by boiling the tarry residue left after the o-compound has been driven off 
with water, concentrating the solution, and purifying the compound, which crystallises 
out by boiling a dilute alcoholic solution with animal charcoal. It forms short, 
slender, dark lemon-yellow needles, containing 1 mol. of water and melting at 115°. 
The normal barium salt, C4i*(N0‘*)0'‘^Ba-h3li^0, forms red granular crystals, and the 
acid salt, [0Ml\NO-(()lljU]'*Ba + 411‘**O, crystallises in tufts of golden-3'^elloy prisms. 
On adding bromine to an ethereal solution of i3-nitro-or,rin,;p:^Viio ^compound 
C’H=*Br*(^NO-)^OH)'^ is obtaiiuid in dark-yellow plates, me\tihg wdth decomposition at 
112°. The acid barium salt contains 1 mol. of water, and crystallises in red needles. 
By adding iodine and mercuric oxide to an alcoliolic solution of the ^-compound, 
dark-yellow woolly needles of the corresponding iodine-compound aro formed 
(Wosolsky, vii. 439). 

2. Dinitro-orcinol, G^II®N''*0®=C®II(CII®)(NO*)^(OH)^ — Strong nitric acid 
acts readily on nitroso-orcinol, especially when hcat^, forming trinitro-orcinol, 
together with some oxalic acid. With dilute nitric acid in the cold, however, the 
action was dillerent, dinitro-orcinol and oxalic acid being produced, but only traces of 
tuirdtro-orcinol. When finely-powdered nitroso-orcinol was added to four times Us 
weight of nitric acid of sp. gr. 1*3, care being taken to keep the mixture cool by 
ininuirsing the beaker in cold water, it gradually acquired a reddish-brown colour ; 
the odour of nitrous fumes soon became apparent; and in the course of five or ten 
minutes the whole solidified to a pasty crystalline mass, which had to be stirred up at 
frequent intervals, to prevent its becoming warm, otherwise much trinitro-orcinol would 
have been formed, in tliis operation, it is not necessary to employ pure diy nitroso- 
orcinol, as the crude moist substjiuco answers every purpose — the amount of acid being 
adjusted so that for every 100 pts. o^orcinol originally tiiken, about 550 of the nitric 
acid shall be employed. After standing for twenty to twenty-four hours, the product, 
which had become of an orange colour, was mixed with an equal bulk of cold water, 
collected on a vucuum-tilter, and W'oll washed with cold water. The dry product was 
then dissolved by agitation with cold ether, in which it is readily soluble ; the solution 
filtered and evaporated to dryness in the water-bath ; and the dinitro-orcinol was 
finally purified by two or three crystallisations from boiling spirit. 

Dinitro-orcinol crystallises in deep yellow rhomboidal plates, which are almost 
insoluble in cold water, more soluble in boiling water, but crystallises out again 
almost entirely on cooling. It is very soluble in ether, and requires about 18 pts. of 
alcohol at 15° for solution. It is also slightly soluble in carbon bisulphide, and 
readily in hot benzene, but almost insoluble in light petroleum. Dinitro-orcinol melts 
at 164*6°, two degrees higher than trinitro-orcinol, but, unlike the latter, which 
explodes a little above its melting point, dinitro-orcinol may be heated to above 190° 
without alteration, and with care may even be sublimed at a somewhat higher tem- 
perature. Heated rapidly on platinum foil, it fuses and deflagrates. It is slightly 
soluble in strong sulphuric acid, with a yellow colour, but when heated with 
the acid, it dissolves with effervescence, forming a deep orange-coloured solution, 
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which does not yield a precipitate on the addition of water. It dissolves in hot con* 
centrated nitric acid, and is at the same*time converted into trinitro-orcinol. 

The derivatives wliicli dinitro-orcinol forms with the alkali-metals, as also the 
corresponding ammonium-compound, are very soluble in water, and difficult to obtain 
in the crystJilline state ; they are of an orange-red colour. When dinitro-orcinol is 
l)oiled with water and silver oxide or carbonate, it is decomposed, the silver being 
reduced, and forming a metallic mirror on the siile of the vessel. With biirium, it 
forms two compounds, one of which is almost insoluble in water, and of a deep crimson 
colour ; the other, which forms long silky needles of a bright yellow colour, is spar- 
ingly soluble in boiling water, but crystallises out almost entirely on cooling. The 
crimson barium compound may be obtained by adding an excess of an aqueous solution 
of barium hydrate to a solution of dinitro-orcinol in spirit : on boiling the mixture, 
the salt is thrown down as a crystalline powder. It dissolves on boiling it with water 
and excess of dinitro-orcinol, and the solution, on cooling, deposits the acid salt in 
orange-yellow needles. In order to obtain them free from dinitro-orcinol, however, it 
is best to operate in the following manner : — 2 pts. of dinitro-orcinol are dissolved in 
40 of alcohol, and the solution divided into tw'o parts, one of which is slightly less 
than the other. The smaller portion is then heated, diluted with its own bulk of hot 
water, and boiled ; a cold saturated aqueous solution of barium hydrate is now added 
in slight excess (a quantity rather more than equal in volume to the solution of 
dinitro-orcinol in alcohol and water) ; tlio mixture is left to cool in a closed vessel to 
prevent formation of barium carbonate by absorption of carbonic anhydride from 
the air ; and the precipitate is collected on a vacuum filter and thoroughly washed 
with cold water. The crimson basic salt thus obtained is converted into the acid salt 
by boiling it with a considerable quantity of distilled water, and adding the second 
larger portion of the alcoholic solution of dinitro-orcinol. The crimson salt soon dis- 
solves, and the clear liquid, on cooling, solidifies to a mass of the needle-shaped crystals 
of the acid barium salt ; a second crystallisjition from boiling water suffices to purify 
it. Determinations of the amount of barium gave 23‘69 per cent, and 23-61 per cent. 
Ba, a,greeing with the formula [G’H^NO'-'y-^OHJ^BaO’-^+H^O (Stonhouso a. Groves, 
he. eii.) ' ^ 

3. Trinitro-orcinol^ C^I[*N*0* = C*(CH®)(N0*)*(0II)®, may be prepared by 
heating orcinol at 100*^ with excess of sulphuric acid, treating the resulting sulphonic 
acid after cooling, first with dilute, then .with concentrated, and finally with fuming 
nitric acid in excess, and pouring the product into cold water (Merz a. Zetter, Ber, 
xij. 681). 

AldeliyileB from Orcinoly and tbelr Berlvattves (Tiomann a. Ilelkenberg, 
Ber, xii. 999). When a solution of orcinol in very dilute soda is boiled with chloro- 
form, three aldehydes are formed, which may bo separated by acidifying the mixture 
with sulphuric acid, and distilling in steam, w'hon a-orcendialdehyde will be found in 
the distillate. By extracting the residue in the retort with ether, a mixture of 
orcylaldehyde and ^’Orcetidialdehyde is obtained, from which the latter is removed by 
shaking up the ethereal extract with a solution of sodium-hydrogen sulphite. 

Orcylaldehyde, C'’lP(CH’'')(OH)-.COH. — The crude product is purified by solution 
in potash, and reprecipitation by acids ; it is then recry stalliscd from benzene, and 
finally from water. The pure substance forms colourless needles (m. p. 177°), which 
dissolve freely in alcohol, ether, chloroform, hot benzene, and boiling water. It unites 
with aniline to form orcylaldehyde anilide, •t)*lI-(CII®)(OU)*.C(N.C®H*)II, which 
crystallises in yellow prisms (m. p. 125°), soluble in alcohol, ether and chloroform. 

Homoacetoxycovmarin, CII*(O0*II*O)C*H*<^^^'^j^^CO, obtained by the action 

of acetic anhydride and sodium acetate on orcylaldehyde, crystallises in colourless 
needles (m. p. 126°), which are soluble in alcohol and ether. This comp >und gives a 
blue coloration with alkalis. 

a-Orce7tdialdehyde, C®II(CH*)(OH)^COH)2, forms long needle-shaped crystals 
(m. p. 117°), soluble in alcohol, ether, chloroform, and in hot water. This aldehyde 
unites with aniline, foTmiiiga-orcendialdchydedianilide, C®H(GH*)(OH)'‘*[0(N.C®H®)*n]*, 
a yellow crystalline powder, which melts at 281°. 

^OrceTidialdehyde is obtained in pale yellow crystals by decomposing its sodium- 
sulphite compound with sulphuric add,* extracting with ether, and recrystalllng 
from benzene and from dilute alcohol. This substance melts at 168°, but sublimes at 
a lower temperature. It is soluble in alcohol, other, chloroform, benzene, and hot 
water. 

Isorolnola. Two compounds isomeric with orcinol, and distinguished as a- and 
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7>iBOTeinols, are produced, by the actioD of melting potassium hydroxide on the 
respective toluenesulphonic acids (^, t*.) 

a~l8orcinol, obtained in this manner, together with salicylic acid and slight 
traces of paraoxybenzoic acid, from a-toluenedisulphonic acid, crystallises from water 
in thickly felted groups of small needles containing water of crystallisation and 
molting at about 95°. In the anhydrous state it melts at 87°-88°, boils at about 
270°, and yields by distillation a thick liquid which takes a long time to solidify. 
o-Isorciuol is not altered by exposure to the air. With ferric chloride and with silver 
nitrate and ammonia it produces a violet-hlue coloration, which soon disappears. It 
is coloured yellow by chloride of lime, and blue by contact with ammonia and moist 
air, J{y fusion with sodium formate, it yields a dicarboxylic-acid which forms spar- 
ingly soluble white flocks exhibiting signs of fusion below 270° (ILikansson, Ber, v. 
1087). 

y-lsorcinol is formed, also together with salicylic acid, by fusing 7-toluene- 
disulphonic acid witli potassium hydroxide and a little water. On acidifying the 
aqueous solution of the melt with sulphuric acid, agitating with ether, and treating 
the resulting ethereal solution M’ith sodium carbonate, the salicylic acid is rem')vod, 
while the isorcinol remains in the ethereal solution, and may be separated by pre- 
cipitating witli basic lead acetate, and decomposing the precipitate with hydrogen 
sulphide. It forms a radio-crystalline mass, containing 1 mol. water which is given 
olF at 100°. It differs considerably from orcinol in its properties and reactions, has a 
sweet but not nauseous taste, melts at 87° and boils at 260°. It dissolves in water, 
alcohol, and ether; the aqueous solution, syrupy at first, soon solidifies throughout 
the entire mass. It does not change colour in contact with the air ; produces a 
brownish-greon colour with ferric chloride, and a black precipitate wuth ammoniacal 
silver solution; is coloured rod and gradually 3’ellow by chloride of lime; and when 
exposed to moist air in contact with ammonia, acquires a brownisli colour, which is 
removed by acetic acid (Sonliofer, Liebig's Annalm, clxiv. 126). 

Betorc inol, C*(CH^y‘^IP(OHy“', This homologue of orcinol, obtained 

by the destructive distillation of the lichen, Usnea barhata, was cli^’ .wvereu ffi 184S by 
Steuhousc (iv. 214) — w'ho named it ^-orein — and has lately he* a farther investigated 
by Stenhouso a. droves {Chem. Soc, J, xxxvii. 366), the name being changed, in 
accordance with present usage, to Bctorohwl.* It w’as originally regarded as a product 
of the decomposition of usnic acid, but recent experiments have sliowni that pure usnic 
acid does not yield a trace of il, and that it must thereflire be produced from some 
other constituent of the lichen ; this constituent has, in fact, been isolated, and w'i 11 
bo described furtlier on. 

To prepare Ijetorciiiol, Usnea harlaia^ carefully freed from oilier lichens, is ex- 
hausted with milk of lime, the solution precipitated by hydrochloric acid, and the 
precipitate lioiled with lime and water. The clear solution is neutralised with hydro- 
chloric acid and evaporated, whereupon the crude betorcinol crystallisi's out. When 
purifii’d by crystallisation from benzeno and from water it melts at 163'^. It is less 
soluble than orcinol ; gives a briglit crimson colour wdlh hj’pochloritcs, orcinol giving a 
purplish red ; and its ammoniacal solution is rapidly coloured on exposure to air, 
whereas the correspoiKliug oivinol solution is but slowly changed thereby. 

Chlorobetorclnols. Te I raohlorobc tore inol, C WCl '0- = C®(CH*)-Cl"(OCl )-, 
is obtiiined by the action of chlorine in exco.ss on betorcinol, the best mode of preparation 
being to add a solution of betorcinol to eftsolntiou of chlorine hyilrate. A mixture of 
crystalline chlorine lij’drato is first prepared by passing a current of cliloriiic, with 
occasional agitation, through water to which about one-fourth part of (Tushed ice has 
been added; betorcinol is then dissolved in 60 parts of boiling water; the cooled 
solution is gradually added to a portion of the chlorine hydrate nrixture, leaving the 
latter in slight excess, and tlie colourless mixture is left to itstdf for Iw'elve to twenty 
hours : it then deposits the tetraclilorinatcd compound in colourless crystals which 
may ho purified by one or tw'o crystallisations from light petroleum. 'J'his compound 
forms large white prismatic crystals which molt at 109°, and are easily soluble in 
benzene, but insoluble in water. 

Bichlorohetorcinol, C“H*‘C1W = C®(CH*)’‘*C1(0I1)'“, is obtained by the action 
of reducing agents on the tetrachloro -compound just described. The best mode of 
preparation is to add the tetrachloro-compound by small portions to a solut ion of 
hyoriodic acid containing 15 per cent, iodine and a small quantity of rod phosphorus, 
in a flask with reversed condenser, taking care that each portion of the tetrachloro- 
compound is reduced before the next is added, and continuing the boiling, till the last 
portions are reduced and the whole assumes the appearance of a mass of slender 

• p-Otrinol would signify on isomcride rather than a homolugue of urciuol. 

VoT.. VTTT. 5 A 
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colourless needles. The dichlorobetorcinol thus obtained forms, after washing and 
reciystaJlisation from light petroleum, long colourless needles which melt at 142 ° and 
dissolve in carbon bisulphide, benzene, and ether. 

Bromobetorclnols. The tetrahromo-compound, wm 

C®(CH*)'‘*Br'-(OI3r)‘*, may be prepared by adding betorcinol to bromine and water, 
keeping the bromine in excess, or better by pouring a mixture of 6 pts. bromine and 
30 pts. by measure of carbon sulphide on 1 pt. of finely powdered betorcinol, and gently 
heating the mixture in a fiask furnished with a condensing tube. As soon as the 
whole of the betorcinol is dissolved, the dark brown solution is decanted from traces of 
black tar and agitated with an equal bulk of warm water, whereupon the colour 
gradually becomes lighter ; if it should disappear entirely, more bromine must be 
added. The solution of tetrabromobotorcinol in carbon sulphide is then separated 
from the supernfitant liquid, concentrated by distillation, and left to evaporate, and 
the crystals which form are purified by recrystallisation from light petroleum. A 
very pure product may be at once obtained by acting on pure colourless dibromo- 
betorcinol with bromine and water at a gentle heat, and crystallising the product from 
carbon sulphide and light petroleum. 

Tetrabromobetopcinol crystallises in large colourless prisms melting at 101°, and 
very similar in appearance to the tetrachloro-compouiid. It is very soluble in ether, 
benzene, and carbon sulphide, less so in petroleum. 

Dihromobetorcinol^ C*H®Br“0''*=C*(CH*)“13r“(0lI)‘'*, may be prepared, like the 
corresponding chlorine- derivative, by reducing the tetrabromo-compound with 
hydriodic acid and red phosphorus, taking care that the reduction does not go too far : 
much more conveniently however by treating betorcinol with bromine diluted with 
carbon sulphide, the action then going no further than the production of the dibromo- 
derivative, since the presence of water is necessary to convert this compound into 
totrabromo-betorcinol. The resulting solution concentrated by distillation yields the 
dibroino-compouiid in nearly colourless crystals, which may be purified by washing 
with a little carbon sulphide and recrystallisation from light petroleum. Dibromo- 
betorfe l-vVi-*' needles melting at 166°, and closely resembling the dichloro- 
dorivative. ^ 

The fact that the action of bromine on betorcinol when water is carefully excluded 
displaces only two atoms of hydrogen, whereas, in presence of water, a tetrabromo- 
derivative is formed, is duo to the groat diffcreiufc between the amount of energy 
involved in the formation of gaseous hydrogen bromide by the dii’e(rt union of bromine 
and hydrogen, and that which is manifested in the formation of hydrobromic acid in 
aqueous solution, the quantities of heat evolved in the two cases being, according to 
Thomsen (vii. G 12), H+ 13r = 8440, and H +Br + aq. = 28376 gram degrees. Now in 
betorcinol the two H-atoms united with carbon in the benzene- nucleus are displaced 
by bromine with comparative facility, the compound C®(011®)*13r‘-(OH)* being pro- 
duced, with evolution of lIBr ; but in the case of the two H-atoms united with oxygen 
in the 011-group.s, it is only when the much greater energy involved in the formation 
of hydrobromic acid in presence of water is exerted, that substitution takes place, 
resulting in the formation of the tetrabromo-derivative. A precisely similar dilFerence 
is observed in the action of bromine on orcinol, accordingly as water is present or 
absent, the substitution in the latter c<'iso going no further than the production of 
tribromorcinol. 

lodobetorolnol, C"H®I02= C*(C}l*)IJIfOH)*. This compound, the only known 
iodo-derivative of betorcinol, may bo prcpiifed similarly to iodorcinol (vii. 879) by the 
action of lead oxide on betorcinol and iodine in ethereal solution. After crystallisa- 
tion from light petroleum, it melts at It dissolves very readily in ether, benzene, 

and carbon sulphide, very sparingly in boiling water, more freely in dilute spirit, but 
does not crystallise well from the latter. 

xritrosobetorcinol, C"H”NO"“C®(OII*)*H(NO)(OH)*, is readily prepared by the 
action of nitrosyl sulphate, SO*(NO)OII (p. 1419) on betorcinol in aqueous solution. 
Betorcinol (2 pts.) is dissolved in 100 pts. of boiling water, and the solution, after 
filtering and cooling, is pourofl into a mixture of 7 pts. nitrosyl sulphate solution 
(containing 16 per cent. N^O*) w'ith 200 pts. of water, whereupon a brilliant orange- red 
precipitate makes its appearance. This, after a few minutes, is collected on a vacuum - 
filter, washed by stirring it up with 100 pts. of water, and again collecting, repeating 
the washing once more in the same nvmnur so as to remove the last trace of free acid, 
and finally dried at a gentle heat. 

Nitrosobetorcinol is moderately soluble in water and readily in alcohol, but is not 
easily recovered from either of these solvents in the crystalline state. It dissolves 
very readily in hot glacial acetic acid, and separates on cooling in small bright-red 
prismatic crystals. It is sparingly soluble in light petroleum and in carbon sulphide, 
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somewhat more freely in hot benzene, from which it crystallises on cooling; easily 
soluble in ether. 

This compound, in which only one of the hydrogen-atoms is replaced by NO, ap- 
pears to bo the only nitroso- derivative of betorcinol, whereas orcinol and resorcinol, 
when treated with nitrous acid, yield dinitroso-derivatives. Considering now that 
the action of nitrous acid on phenol, the wjoahydroxy-derivative of benzene, gives rise 
to a wmwonitroso-phenol in which the NO-group occupies the para-position witli respect 
to the OH-group, and that, of the three meta^/hydroxy-derivatives of phenol, res- 
orcinol and orcinol yield <^i-nitroso-dorivatives, whilst betorcinol yields only a ‘moiio- 
nitroHo-derivativo, it seems not improbable that, in the latter, the para-position with 
respect to one of the OH-groups is occupied by a CH“-group. 

Of the four possible formulae for betorcinol, or dimethyl-dihydroxyhemena, viz. 


on 

/\oH* 

OH 

/"\cu» 

OH 

C..A 

OH 

CH*/\. 

I 

Is^^OH 

CH» 

U 

CH*v JoH 

111 

CH> 

IV 


I. is capable of yielding a dinitroso-derivative in which the NO-groups can occupy a 
para-position with respect to the OH-groups, and in IV. the para-positions are occu- 
pied by CH*-groupa, so that it could not yield a nitroso-derivative of tin’s chiss, whilst 
in II. and 111. there is 0746 para-position into which the NO-group could enter, 
whence it follows that these bodies would yield 77io77onitroso-derivativcs. Our know- 
ledge of the laws which govern the intnxluetion of the nitrosyl group into the 
hydroxyl-derivatives of benzene is at present far too limited to (uiablo us to pronounce 
with certainty on this point; but it seems most probable that tl" . y.v.aiion of 
betorcinol is represented by the formula II. or III. ratht*r than 1. or IV. 


The acid which yields betorcinol may be separated from u.snic acid by moans 
of its greater solubility in cold ether. It melts at 186®, and decomposes at a some- 
what higher temperature, yielding carbon dioxide and betorcinol. It is roprcsi ntcd by 
the formula C’”1P()’, and is related to betorcinol in the same manner as evernio acid, 
to orcinol, and might therefore ho regarded as dbnethyl-cverniG acid. As 
however this constitution cannot at present be assigned to it with certainty, Stcii- 
house a. Groves have provisionally named it harhatic acid. IJcsse {Ber. x. lo2()) 
obtained from an growing on Calisaya hark, an acid which he called ur /f/. 

Tins acid is probably nut identical with barbatic acid, but may bo an ethereal salt 
tlieroof, as alcohol was used in its extraction and purification. 

ORCZnrOl^-PBTBAKEZlir. 8ce Phtiialkins. 

OBGABZe COXBPOUBBS. Decoin'position of Organic Liquids hy the Kladric 
Spark. — Herthclot inferred from his experiments on the ukion v>f a red heat on Iiydro- 
carbons (vi. 259), that when a hydrocarboij of high molecular weiglit is submitted to d»'- 
struclivo distillation, the four fundamental hydrocarbons, acetylene, ethylene, mctli.inc, 
and ethane aro first separated, .and those, iinmetliatcly entering into combination wiili 
each other, produce the more complex hydrocarbons which are actually olitaincd ; and 
this view has been considerably strengthened by the recent oxfieriments of 'i'ruchot 
[Compt. rend. Ixxxiv. 714), in which orgjinie compounds w'ero decomposed in sucJi a 
manner that the simpler hydrocarbons produced in the first instance w’ori> prevented 
from recombining, and thus obtained in the free state. This was eftbctctl by pas.sing 
a powerful induction spark through the liquid itte’f, and collecting the resulting 
gases. 

Volatile liquids, such as pentane, pentyleno, and ethyl oxide tlius treated give 
about 1 litre of gas per hour, but compounds of higher boiling point give considerably 
less. The gas invariably contains hydrogen in addition lo the hydrocarbons already 
mentioned, but no compound containing more than two atoms of carbon in the molci- 
culo is present. With the liquid paraffins, no deposit of carbon occurs during the 
decomposition, provided the liquid bo kept slightly warm ; and a trace of carbon only 
is obtained in the case of an olefine. With the less saturated hydrocarbons, liowover, 
such as the terpenes and benzene derivatives, a tolerably abundant deposition of 
carbon always takes place. Compounds containing oxygon, such as alcohol, ether, an«i 
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the aldehydes, give no carbon ; but, in addition to the fundamental hydrocarbons^ they 
evolve carbon monoxide, unaccompanied by carbon dioxide or water-vapoup. 

Actim of Boron FI noride. — ^The action of this compound on hydrocarbons and 
oxygenated organic bodies has been studied by F. Landolpli (Ber, x. 1312). By pass- 
ing the gas over comminuted camphor^ a crystalline mass is obtained which melts 
below 200°, gives off the whole of the absorbed gas on distillation, leaving the camphor 
in the pure state, but when heated to 250° in a sealed tube for *24 hours is completely 
resolved into boric acid, gases having an acid reaction, and a mixture of hydrocarbons, 
tho chief constituent of which (amounting to 40 per cent, of the camphor decomposed) 
iscymene. At the same time there is formed a yellowish-green viscid hydrocarbon 
which boils above 360°. 

Aniaotl is violently attacked by boron fluoride, yielding a body which distils over 
at 158°-163°, and hydrocarbons of high boiling point, together with a heavy liquid 
which is partially ileconiposcd by contact with the air, w'itli separation of boric acid, 
and is resolved by water into boric acid and hydrogen fluoride. 

With fmsaldchydc^ boron fluoride unites in deflnito proportions, forming a wcll- 
crystallised compound, which on exposure to tho air splits up into bonzablehyde, boric 
acid, and hydrogen fluoriile, and when heated to 250° in a sealed tube for 24 hours, is 
converted into a black solid mass from which ether extracts a hard white substance 
melting at 123°-! 24°, solidifying again at 80°, and crystallising from water in slender 
shining needles. 

Chloral is converted by boron fluoride into metachloral ; acetic acid into the 
anhydride ; succinic acid is not acted on. With ethylene, boron fluoride forms ethylene 
fluoboridc, a liquid which boils at 126°. and when exposed tO' tho air immediately 
evaporates, giving off white strongly acid fumes, togctlior with ethylene, and leaving 
a small quantity of boric acid. 

Action of Chromyl Chloride, CrOW-’ (Etard, Compt. rend. Ixxxiv. 127 ; Bull. 
Soc. Chm. [2], xxvii. 249). 1. Chloroform trenied with this compound yields carbonyl 
chloi!/ris-^'^^^’ ’ .’ -.2. Glacial acetic acid to 100° in sealed tubes with chrornyl 

chloride yields a cr^. ‘■allino salt, Cr'-0^[(’r‘^C'WO'‘^)*]- + 811^0, which exhibits dichroism 
(being yellow -green oy transmitted, dark green by reflected light), together with 
free chlorine and chromic chloride ; no acetyl chloride was observed. 3. F.lhyl acetate 
is converted into acetic acid and aldehyde. Pentane + 7 om petroleum and inactive 
amyl chloride yields chloromethyl-isobutyl ketone, CH-Cl — CO— CH“.CH(CIP)*, 
a colourless liquid having a pungent aromatic odour, and boiling without decomposition 
at about 120°. 5. Hexane is converted into an acid, and a liquid, C®H"C10 (prob- 

ably a chlorinated ketone), which boihs at 145^-150°, tjasily reduces animoniacal silver 
solution, does not unite with acid .sodium sulphite, and is not attacked by potassium 
hydrate. 6. Bcncme is converted into quinono. 7. Paradibromobensene yields a 
compound, probably C“Cl*Br‘*0'“, converted by soda-ley into chloranilic acid. 
8. Fitrohencene yields nitroquinono, C*H*(NO')0', which crystallises in yellow 
shining .scales, melts at 232°, and sublimes at a higher tern peraluro. 9. yields 

quinolic ether, C“lI'(OII).O.C®H‘(OII), a white uncrystalli sable substance con- 
vertible by oxidfition into quinoiie. 10. Tolnmie yields bcnzaldohyde, together 
with benzyl chlori«le. li. Nitrotolueno is converted into nitrotoluquiuoiio, 
C®ir-(NO-XCH*)0'-, which forms largo brown-yellow crystals mcUiiig at 237°, and 
easily subliming. The reaction is attended^ with the formation of a somewhat con- 
siderable quantity of ozone (Etard). 

Anthracene dissolved in acetic acid is converted by chromyl chloride into anthra- 
quinonc (Haller, Ikr. x. 734). 

Analy sis, — A method of determining tho carbon, hydrogen, oxygen, nitrogen, 
sulphur, phosphonrs, and halogen (.‘lements in an organic compound by a single com^ 
hustion is described by A. Mit.schcrlicli (Ber. vi. 1000). It consists in burning the 
substance W'ith mercuric oxide in a combustion-tube from wdiich the air has been dis- 
placed by a current of pure nitrogen, tho mercuric oxide in contact with organic 
matter being reduced at a temperature below that which is required for its decompo- 
sition by heat alone. The water and carbon dioxide thereby formed are estimated by 
ab.s()rptif)n and weighing in the u.sual manner ; the mercury reduced by tlie combustion 
is driven by a strong stream of nitrogen into a weighed tube; and the quantity of 
oxygen equivalent to this reduced mefeury, deducted from the total amount of oxygen 
contained in the carbon dioxide and water together, gives the quantity of that element 
contained in tho substance under examination. Chlorine, bromine, or iodine, if present, 
unites with a portion of tho liberated mercury, forming a compound which passes over 
with the metallic mercury, and may be estimated l:)y weighing. Sulphur and phos- 
phorus are oxidised to sulphuric and phosphoric acid respectively, which may be osti- 
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mated by known methods. Nitrogm-compomds yield nitrogen dioxide, which may bo 
absorbed by a mixture of chromic Hci<l and stannous chloride in an apparatus placed 
between the calcium chloride tube ami the imtjish-bulbs. 

A similar method for the simultaneous determination of carbon, hydrogen, nitrogen, 
and oxygon is given by Frorichs {Her. x. 2G). Tlic substance is burned with mercuric 
oxide in a tube exhausted of air, and the evolved gases are dried, passetl into a 
eudiometer, and analysed in the usual w.ay. The water formed is absorbed by phos- 
phoric anhydride. 

A method of analysis by reduction, whereby the carbon, hydrogen, and oxygen in 
an organic compound may be determined directly, is described byH. Cretier {Zcitschr. 
anal. Chem. 1874, 1). The vapour of the organic body or of its products of decom- 
position is passed over ignited magnesium-pow'der, which abstracts the whole of the 
oxygon, yielding a gaseous mixture consisting only of carbon and hydrogen, in which 
these elements can be estimated by the usual methods of gas-analysis. In this manner 
tlie entire weight of liydrogen in the organic substance is at once obtained ; and that 
of the carbon may ho ascertained liy adding the w^eight of the charcoal remaining 
after the decomposition to that coutiiincd in the gaseous mixture. The amount of 
oxygen is calculated from the weight of the unaltered magnesium. The results, how- 
ever, are not very exact. 

On the estimation of Chlorine, Bromine, and Iodine in Organic Compounds, see 
Halogens (p. 921). 

To obviate th(i errors arising from the use of reduced copper for decomposing tlie 
nitrogen oxides evolved in the combustion of a:iotiscd organic bodies (p. 183), Perkin 
has devised a inetliod of removing these compounds by oxidation and absorption, 
instead of reducing them with co}>pcr. The best absorbent for the purpose is a 
mixture of potassium chromate and manganese dioxide. In making a combustion, 
about 0 inches of the mixture arc placed in the front part of the tube (the oxygen 
process being nscil) and the whole of the tube is- heat (hI and dried wit hair in the usual 
way. The lemperaturo of the mixture is then allow'ed to fall to about 2o0° to 2o0'’, 
and the combustion is condue.ted in the onlinary -way. Hy re-bcaib/jL-the .fixture 
strongly and passing a current of air over it, the oxides of nitr'.^n are. ;emovod wid 
the mixture is ready for a second combustion. If the orgj'iuic substance contains 
sulphur, a greater length of the rnixiiiro must bo used, the back pari, being strongly 
heated to absorb the sulphur dioxide, and tlio front part maintained ;it 200° to 250“ 
to absorb the oxides of nitrogen {Chem. ^oc. J., 1880, xxxvii. 121, 418). 

An indirect method fertile quantitative analysis of a mixture of organic compounds 
of known composition, by means of equations wdth several unknown qimntilies, is 
proposed by 11. Popper {/jitschr. anal. Chem. x. 429). An ultimate analysis of the 
mixture is first made, and the resnll/ing equation, .v + g + s = is com- 

bined with tlioso which are deduced from the percentages of carbon and hydrogen in 
the several pr<jximato constituents of the mixture. Suppose, for example, that a 
mixture of stearic acid, naphthalene, and pyrocatccliin, W'eighing 0*ooo grains, gives 
by ultimate analysis O’ 39 36 carbon and 0’0422 hydrogen: then wo have the three 
equations : 

0? + y + = 0'555 
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in which the denominators are the molecular weights of the throe constituents, and 
the numerators are the atomic weights of the quantities of carbon and hydrogen con- 
tained therein. 

On the estimation of Organic Matter in Pot-able Waters, see Dittmar a. Robinson 
(Chem. News, xxxvi. 26 ; Chem. Soc. J. xxxii. 806). 

On the Incineration of Organic Matter preparatory to test ing for Metallic Poisons, 
Bee Verryken {Chem. Centr. 1873, 696 ; Chem. Soc. J. xxvii. 603). 

On Incineration with Barium or Potassium Hydrate for the estimation of Chlorine 
and Alkalis, see Behagel von Adlerskron {Zeitschr. anal. Chem. 1873, 390; Jahresh. 
/. Chem. 1873, 949). 

ORGAXV03EDS. The organoids of the peninsula of Absclieron on tlie Caspian 
Sea have been described by H. Abich (N. Petersh. Acad. Bull. xxi. 493). The 
petroleum has lately been obtained in this locality liy uumcrons borings, and rises in 
the boro-holes under very high pressure. In one shaft near Balachani, Abich found a 
brownish layer resembling sandstone, covered with alluvial argillaceous sands, con- 
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tainiog numerous eoncrotions in its lower part, and gradually passing into true 
sandstone. An analysis of tlio mass by C. Scliraidt gave : 

XC) XaCl K'SO* N.a“SCV CaSO* MffSO* CaCO> Y (“) Z (») 
i 6-150 OOll 0008 0034 0*126 0*063 9*382 33()59 47*177 = 100 

(’) Vnlatilo uiatters, of wliicli l-(J00per cent, consistwl of water and other matters given off at 
10()^\ 0-7S»3 per ( ('iit. at 100'^-110°, and 7'G67 per cent, above 110°. (■*) Silicates, and silica soluble in 
bydiVilluoi ic aciM. C) Quartz-sand insoluble in hydrofluoric acid. 

Tlio silicates included unilor Y consisted for the most part of : 

SK)- Al-’O" MgO CaO Na=0 K»0 

20*406 l-roO 0*629 0005 0*346 0*223 0*429 0*324 = 33*069 

Acconlinir to these results, the rock is a mixture of about 10*1 per cent, naphtha 
;iml I'araiHii, 0*3 sea-salts, 0*4 fragments of shells, 10*4 felspar with a little mica, and 
OS’S qiiartz-sand. 

ORXVZTHnrs, C-’II'-N-O- (Jatfo, Ber. x. 1025). A base obtained by prolonged 
boiling of ornithuric acid (infra) with hydrochloric acid: 

C'»H*'«N20< + 21120 = 2C-n«02 + C^H*2N202. 

Ornithuric acid. Benzoic acid. (.)riiitliiin\ 

Ft has not yet been obtained quite pure, but it forms well-erystalliscd salts with acids. 
Tmo ki/tfroch/orides have been obtained, viz. 3G'H**N20-’.2H 01 and C^ll^^N^O^.HCl ; 
also an oxalate probably having the composition 3C*‘II'2N202.2C2ir-'0''. Ornithine is 
regarded by Jaffe as diamido valeric aciil, C^1I'(NH2)2.C02H. 

Benzoyl-ornithine^ C'll"(C’H*^0)N202, is obtained by boiling ornithuric acid with 
hydrochloric acid until the whole is just dissolved. It crystallises in hard colourless 
needles; melts at 225®-230° ; dissolves readily in water, but is insoluble in alcohol 
and in with acids, forming easily soluble salts. By prolonged boiling 

with hydrochloric aei.’ it is resolved into benzoic acid and ornithine. 

ORirZTKinUC ACZB, C'9H2»N204 (Jaffe, loc. c«7.) An acid formed by the 
decomposition of benzoic acid in the organism of birds. It is extracted from the 
excrements of birds whose food has been mixed with benzoic acid, by boiling with 
alcvjliol, evaporating the filtrate, redissolving the residue in absolute alcohol, and 
jigain eVHpcjrating the filtered solution. The residue Mdiich tlien reniaius is mixed 
with a small quantity of water and shaken up with (dher, which dissolves fiit, benzoic 
acid and ornithuric acid (because it i.s still impure) ; the ethereal .solution i.s decanted, 
and tlie residue is mixed wdth dilute sulphuric acid and again shaken up with ether, 
'riie iiiiitLil etlicreal solution.s, left at rest in a cool place, deposit ornithuric acid only 
sliglitly coloured. The greasy mass left undi.ssolvod by the ether is set aside to 
ci-yslalliso ; the solidified crv.stallirie mass is left, to drain on a filter, then washed on 
the filter with water, and dissolved in hot water and ammonia ; the solution boiled 
with milk of lime and filtered; the strongly coloured filtrate cautiously decolorised 
by simill quantities of potassium permanganate; and the clear nearly colourless 
filtrate i.s mixed with hydrochloric acid, Avhoreiipr)n it depo.sits ornithuric acid. For 
further fuirification, the united products arc repeatedly crystallised from alcohol. 

Oniitburic acid crystallises in small Cfdouftless anhydrous needles; melts at 182° * 
i.s nearly insoluble in ether, Sf)aringly .soluble in water, more freely in ethyl acetate, 
m(j.st easily in hot alcohol. When somewhat strongly heated, it give.s off an odour of 
bitter almonds and yields a woolly sublimate. It reddens litmus, forms soluble salts 
with the alkalis and alkaline earths, insoluble salts with the oxides of the heavy 
metals. Its decomposition by bit hydrochloric acid has been already mentioned. 

In constitution ornithuric acid is analogous to hippuric acid, being formed by the 
union of 2 mol. benzoic acid and 1 mol. ornithine, with elimination of 2 mol. water. 

OROSSliONE, See Pkuckdanin. 

ORTBZTE. This mineral has been found, together with albito, in a trachyte- 
enclosure of the trachjjtic conglomerate of the Langenbcrg, near Ileistcrbach, in the 
Siol;engebirge. This is the third instance of the occurrence of orthite — formerly 
known only as belonging to the palajocrystallinc rwks (iv. 237)— in volcanic rocks, 
the other two volcanic localities in wliRth it has btten found being Laach in the Eifel 
and Vesuviu.s ((f. vom Rath, Bogy. Aim. JuheJh, 1874, 647). 

From numerous analyses of orthite from various localities, Engstrdm (Ber. x. 
1727) deduces the formula 2(2R0.iSi02) + 3-RO*4.SiO*, with 1 or with 21120, regarding 
the fir.«i , viz. SiWR^H202*, which is analogous to the formula of epidote (p. 736), as 
the true forniuba of undecomposed orthite. 
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On the microscopic characters of orthite, allanite, and gadolinite, see Sjogven 
(Jahrb.f. Min. 1877, 730 ; Cheni. 8oc. J. xxxiv. 387). 

ORTBOCXiASB* Well-defined orthoclase crystals from a granite cleft at 
Schiltach in Baden, are described by F. Klocke (Jakrb. f. Min. 1 874, 868). They 
belong partly to the ordinary type oo P . oo 5 oo . Or . Poo , partly to the rarer type, 
00 P . Qo P 00 . OP . P 00 . Some of the crystals exhibit also tbo well-known occurrence 
of implanted crystals of albito. Westphal (ibid. 33) found orthoclase crystals 
resembling sanidin in a vein of porphyry near Weistropp between Dresden and 
Meissen. C. Doelter (Min. Mitth. 1875, 180) describes orthoclase in simple crystals 
and in Carlsbad twins, from the quartz-porphyry of the Val di Madonna, aside valley of 
the Val Floriana on the north-west declivity of the Zocchialti mountain. South Tyrol. 
A fine psoudomorphous penetration-twin crystal of tin-stono after orthoclase, from 
Redruth, Cornwall, has been examined by H. Laspeyres (Jakrb. /. Min. 1877, 529) 
who finds the twin law to bo one entirely new to orthoclase, viz. : ‘ the twin-plane a 
face of QoP.* The two halves of tlii.s ponetration-twin are extremely well developed 
contact-twins according to the Carlsbad law, viz. : ‘ the two individuals of each 
Carlsbad-twin being a right and loft crystal.’ 

The following are recent analyses of orthoclase: 1. From Greenland granite 
(Kottal, Wien. Ahad. Ber. [1], Ixix. 94). 2 -4. From the granitic gneiss of New York. 
2. Colourless, translucent, distinctly clcavable; 3. Flesh-coloured, indistinctly cl cavable, 
enclosing numerous crystals of mica ; 4. Of medium purity and colour (P. Schweitzer, 
Amer. Chem. iv. 444) : 


SiO" 

A1»0=’ 

Fe=0^ 


Xa»0 

H“0 


Sp. Rr. 

6500 

17-85 

0*28 

15*75 

0*83 . 

— = 

99-71 

2*57 

64*99 

18*55 

0*64 

12*21 

3*48 

0*1. 3 = 

100*03 

2*559 

65*47 

18*22 

0*67 

13*71 

2*21 

0*19 

100*47 

2*562 

65-50 

17-94 

0*87 

13*11 

2*40 

0*23 - 

10005 

2*558 


A sodium felspar with ortlioclastic cleavage, allied, therefore, to loxoclase, occurs 
in the slags and tufas of the island of Racbgoun, Algeria. TTTxoClIsk (p. 1212). 
For other analyses of orthoclase, see Felspar (p. 773). ’■*’ 

ORTBO-BERXVATXVSS, AROlMtATXC. Oriho-acctohromanilldc and 
-chi or anilide. fc>ee Acetamides (pp. 4, 6). 

Ortho'aldehydosallcylic Acid. See Benzoic Acids (Oxy-), (p. 288). 

Or tho-a,ldchy do-vanillic Acid. See Benzoic Acids (Dioxy-), (p. 292). 

Or I h o-a. m i d o d i h ro m ohenze n e .s ulpho n ic Ac i rf, C®.S0®1I.N II -.Br.H .Br. 1 1 . 
On the reaction of this acid with bromine, see Benzenk-sulphonic Acids (p. 231). 

Ortho-amidodip h e ny I, See Phenyl (Di -). 

Ortho-amidophenolsulphonic Acid. See Phenolsulphonic Acids. 

Orlko-aviidosalicylic Acid. See Benzoic Acids (Oxy-), (p. 283). 

Ortho-henzefiedisulphonic Acid, or Bemcnc-orthodisnlplumic Acid, 
C*SO®H.SO’*H.llb This acid is formed by boiling metadiazobciizenesulphonic acid 
with alcohol. Its chloride, crystallises in large eobnirhss finir-si«led 

plates, melting at 105*’; the aniidr, C®H^(SO*NH-)'“, in small ncodlc.s, separate or 
grouped in nodule.s, and melting at*. 233®. The following is a coin])arisan of the 
melting points of the chlorides and amidc.s of tlic throe benzcucdisulphonic acids 
(compare p. 257): 

Ortho Meta rnra 

Chloride . . . .105® 63® 132" 

Amide .... 233 229 288 

(Drebes, Ber, ix. 553 ; compare table, p. 257). . 

Ortho-cresol, Sec Phenols. 

Orthodiasobcnsoic Nitrate. »Sco Benzoic Acids (Diazo-), (p. 274). 

Of thonitr aniline iMilphonic Acid, C®H®(NO'-)(NH*)iSO*rT), is formed by 
heating orthonitrobcnza iiilido (m. p. 94®) with pyrosulphiiric acid on the water-bath 
for several hours. The free acid and its barium salt, fC'*IP(NO*)(Nir-)SO*]*Ba-i- 11*0, 
ciystallise in thick yellow needles (Behrens a. Post, Btr. viii. 1558). 

Ofthonitrobensoiiiiril, C®IT*NO®.CN, [NO* : CN— 1 \ 2.), is obtained by heat- 
ing orthonitrobeiizaraido (m. p. 174°) with phosphoric anhydride to 180®. It crystal- 
lises in needles easily soluble in water and alcohol, and melting at 109® (Hiibner a. 
Bartlilein, B&r. x. 1713). 
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On Meta- and Pflrflnitrobonzonitril, see p. 307. 

Orthonitrohensyl Chloride^ C®IP(XO-).CH'-*Cl. is formed by the action of 
chlorine at 150°-200°, on ortlionitrotoliieno, as a viscid oil, having a pleasant aromatic 
odour, producing a burning sensation on sensitive parts of tln^ skin, and solidifying 
after some time to a network of slender needles. It reacts with silver acetate, forming 
orthonitrobeiizyl acetate, C«HXJ^O=).CH'^(OC-H>0). 

OrthomtrohcHjyl Bromide is very much like the chloride, may be prepared in a 
similar manner, and produces an analogous reaction m ith silver acetate. 

Pnrfl-nitrotoluene appears to react with halogens in the s.ime manner as the ortho- 
• compound (Wachendorlf, Ber. viii. 1101). 

Orihonitrochlorohenconc, C’.NO^Cl.H*, is formed by the action of nitrous 
acid on paranitro-nietaehloraniline, C^NO^.Cl.lI.NH-.ir-. It is solid at ordinary 
temperatures, melts at 32*o°, and boils at 243°. Jungfleisch’s jS-nitrochlorobenzene, 
described as liquid «t ordinary teiiiperaturos (vii. 144), was probably impure (lleilstein 
a. Knrbatow, Ber. ix. 633). 

Orthoniiro-metadichlorobenzene^ (1:2; 4), or C^.NO-.Cl.H.Cl.II- (p. 186), 
yields by reduction with tin and hydrochloric acid, a chlorophenylenediami no 
from w’hich the chlorine cannot be removed by sodium-amalgam (Beilsleiii a. Knrbatow, 
Ber. ix. 633). See, on the contrary, Kdrnor (p. 186 of this volume). The same 
nitrodichlorobenzeno heated Math alcoholic potash yields a compound melting at 
62°-63°, probably C«H»Cl(NO-’)(OC21P) (B. and K.) XHro-orthodichlnroh&iisene, 
C®.N0®.H.C1.C1.H“ (p. 187). melting at 43'^, is converted by lieating wilh ammonia 
into a chloronitranilino, C®II“( -l(NO-)(NIP), which crystallises in light yellow needles 
melting at l()4'-10o°, easily soluble in alcohol and carbon sulphide. Its avctijl- 
deriratire crystallises in colourless needles melting at 139°, and is converted by nitrous 
ether into metacliloroiiitrohenzeno (B. ami K.) 

Orthonitrometachloraniline, C'’’.NO'.Nn-.If.Cl.IP (m. p. 124°-r25°), is con- 
verted by heating with alcoholic soda into otliylic chloronitrophenatc, 
C*H’Cl(N0‘‘*^i4Wi^^ (Boilsteiii a. Kurbatow', Liehtg's Annalen, clxxxii. HO). 

Ortkonitro’para^resof. Sec Phe>’Ol, IIomologuks of. 

Ortho~oxyphcnylurethane» Sec Oxypiiknylurethanr. 

OSMXVIH. Atomic Weight 200 (Devillo a. Debray, Comft. rend. Ixxxiii. 709). 

St alii sod osmium maybe obtained bypassing vapour of osmium tetroxide 
carried forward by a .stream of nitrogen throngh a red-hot porcelain tula* lined with 
pure carbon.* The osmium is thereby reduced, with form.ition of carbon dioxide, 
and the inner surface of the carbon cylinder .soon bpcomc’.s coated with metallic osmium, 
which prevents the carbejn from acting directly on the osmium tetroxide. Part of the 
carbon, however, penetrates the layer of osmium and is oxidised to c;irbon monoxide, 
which meets the osmium tetroxide at a farther part of the tube and reduces it to 
metal. In this manner there is formed a tube of osmium very much like the tube of 
zinc oxide which is produced when zinc vapours issue and burn from a round opening. 
Prequcntly also this process is attended with the formation of copper-rod crystalline 
scales, comsisting of osmium sesqnioxido, O.sHP. Amorphous pulverulent 
osm ium is readily produced by passing the vapour of osmium tetroxide mixed w’ith 
carbon monoxide containing carbon dioxide through an ignited porcelain tube. This 
amorphous metal may he converted intocry-stallised osmium by fusing it in a graphite 
crucible with three or four times its weight of pure tin, dissolving out the excess of 
tin with hydrochloric acid, and finally heating the residual crystals in a stream of 
hydrochloric acid gas. 

Pure osmium has a fine blue colour, with a grey to violet glitter ; crystallises in 
thin funnel-shaped groups composed of cubes or of rhombohedrons very near to cubes; 
it is harder than glass, which it scratches, and has the highest sp. gr. of all known 
bodies, viz. 22’477 (uncor.) 

Oxysulphides. — When an aqueous solution of osmium tetroxide is treated with 
hydrogen sulphide, a precipitate is formed which, when suspended in water, and sub- 
mitted to the further action of hydrogen sulphide, yields a loosely crystalline body, 
easily oxidised on exposure to the air, and liaviiig tlio composition 08’'8^0\2H*0. 
The oxidation of this body by air at 70°-80° yields an unstable, odourIe.ss, insoluble 
substance having the composition OsSO^fSlI'-'O, and converted by further exposure to 
air into osmium tetroxide. The repla<*ement of an atom of oxygen in osmium tetroxide 
by sulphur is attended wdth a complete alteration in the properties of the compound, 
osmium tetroxide being a stable strong-smelling substance soluble in water, whereas 

• f?ndi 8 lining may bp forme*! by pn.s.sinp benzene- vapour through the red-hot tube. 
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the oxysulphide, OsSO®, is easily decomposible and peculiarly easy to reduce 'with 
hydrogen. Ammonia converts this oxysulphtdo, with separation of water and great rise 
of temperature, into a brown product, wliieh contains osmium and nitrogen, in the 
atomic ratio 1 : 1, and gives off ammonia only after prolonged boiling with caustic soda 
(E. V. Moyer, J. pr. Chem. [2], xvi. 77). 

On the separation of Osmium from Platinum^ see Platinum. 

OSSEZir. See Fboteios (Appendix to). 

OSTEOXiZTE* According to Peterson {Jahrh. f. Min. 1873, 386), osteolite 
from the Rossborg, near Darmstadt, contains 34*7 per cent, phosphoric acid. 

OSTBUTBIM*. A neutral body obtained by (lorup-Besanez {Tier. vii. 664) from 
the roiit of Master-wort {Imperatoria Ostruthinm) in troatingthatroot with hot alcohol, 
with th(j view of obtaining peucedanin (iv. 386). 'I’lio chopped roots were exhausted 
with hot alcohol ; the filtrate freed from alcohol by distillation ; the sticky residue 
exhausted with ether, with addition of a little petroleum-spirit (ligroi’n) ; and the 
ethereal solution mixed with a quantity of ligrdin sutficient to produce a strong 
turbidity, and filtered after a resinous mass ha<l separated from it. The filtrate freed 
from ether by evaporation yielded ostruthin in yellow rhombic crystals ; and on leaving 
these to drain, dissolving them in potash, precipitating with carbonic acid, rcdissolving 
in alcohol, and precipitating witli water, the ostruthin was obtained in slender, colour- 
less silky needles whose composition is represented by (he empirical formula 

Ostruthin prepared as above is accompanied by a small quantity of another body 
bontaining loss carbon and more hydrogen. 

The following table (ixhibits a comparative view of the characters of imporatorin, 
peucedanin, and ostruthin ; 


ImiMTutorin of Osunn aiul 
W’iiokt'iinxler 

rcnccdaiiin of Schlatter, Bothc, 
atul Enliiiann 

Ostnitliiii 

Thick, well- formed, hard 
rlKMiibic prisms or silky 
scales. 

Burning taste. 

White, light prisms united 
into clusters. 

Fjv'ie, white, silky needles. 

Burning acrid taste. 

Tasteless. 

Melts at 7 6°. 

Hardly soluble in cold 
spirits of wine. 

Molts at 60®. 

Melts at 115°. 

Hardly soluble in cold 
spirit. The solutions 
yellow. 

Easily soluble in cold spirit. 
The solutions fluorescent 
and colourless. 

Soluble in ether. 

Soluble in ether and pe- 
troleum spirit. 

Soluble in ether ; slightly 
soluble in petroleum 
spirit. 

lnsolul)le in ammonia ; 
slightly soluble in weak 
potash. 

Soluble, in hot ammonia 
and weak potash. 

Soluble in cold ammonia 
and diluted potash. 


From this comparison, Gorup-Besanez concludes that imperatorin and peucedanin 
are not identical, but distinct constituents of the root, produced at different stages of 
development of the plant. K. Wagner, on the other hand (ilcr. vli, 590), regards 
them as identical. 

Ostruthin Hydrochloride, and the hydrohromide, C‘^ID^O*.HBr, are 

produced by passing gaseous hydrogen chloride and bromide into an alcoholic solution 
of ostruthin. The hydriodide has not been obtained. 

Ostruthin fused with potash yields resorcinol, acetic acid, and butyric acid. Heated 
with stronq nitric acid, it is violently attacked, with formation of oxalic acid ; by pro- 
longed Ijoiling with dilute nitric cbcid, on the other hand, ii yields styphnic acid. 

With bromine, ostruthin yields substitution-products, viz. and 

C^‘H*®13r'0® ; with chlorine, mixtures for which no dofinito formulmcan be established. 
Heated with acetyl chloride it yields acotylostrutlii n in nacreous iaminse (Qorup- 
Besanez, LieUfa Annalen, clxxxiii. 321). 
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OXALCARBAMATB— OXALIC ACID. 


OZA&iinr. %n. with Oxalubamide. 

OZAKCARBAMATS, BTHTUC, C^H^NO* = ^q*qq 2 ^ 5 . This 

compound is formed by treating oxalic ethocliloride with urethane in a flask with 
upright condenser, heated on an oil bath : 


CO.Cl 

io.OCSH* ^ 


" “Cl + Nn< 


CO.OC?H“ 

CO.CO.OC“fl‘- 


It crystallises from ether in tufts of vitreous brittle needles, dissolves in water, 
alcohol, and ether, but crystallises well only from the last. Molts at 4o° (F. Salomon, 
J, pr. them. [2], ix. 290). 

By heating oxamethano, NII®.C®0*.0C*H*, with oxalic ethochlorido, Salomon ii. 
Peitzsch obtained the compound which they regard as isomeric 

with ethy lie mesoxalcarbamate,NH<^^ 3 Q^Q^^Jjj 5 . It crystallises from ether in 

radiate tufts of slender needles, melts at 67°, and decomposes with great facility. 
With alcoholic ammonia it yields oxamide ; potassium ethylate added to its alcoholic 
solution immediately throws down potassium ethoxalate ; silver oxide added to its 
aqueous solution throws down silver ethoxalate. 

OXABBTKYXiZirBS. Wallach, by acting on diethyl oxamide with phosphorus 
pentaehlorido, obtained a base, C“1.[®C1N‘*, which ho c.illed chloroxalethylino 
(p. 463) ; and from this a number of other bases have been obtafned by Wallach a. 
Oppenheim {Ber. x. 1193). 

Dioxale thy line, produced by the action of sodium on chloroxal- 

ethyline dissolved in petroleum-ether, boils al)ov(? 300°, and forms an amorphous very 
sparingly soluble platinoehloride, 0‘‘'^IP"0‘.2lICl.PtCl‘‘. 

When chloroxalethylino dissolved in carbon disulphide is treated with bromine, two 
compounds are form^ji, chlorbromoxal othyl i no dibromicle, C'’IPClBrN‘‘*.Br-, 
an^ a compound of th!.swith htphohromic arid, C^JPOlBrN-.Br-.Brll, which hitter is 
also produced by the action of hydrol)romic acid on the former dissolved in chloroform. 

teirabromine-compoiutd is the l(3ss sohihle of the two in chloroform. The tribro- 
mine-corapounddis.soI ves easily in cliloroforni, and separates in largo rod crystals melt- 
ing at 133". From measurements l>y Hodowig, these crystals appear to bo monoclinic ; 
a\b’. c - 20646 : 1 : 1’796 ; angle i3 - 74^ 27'. Observed form.s » P, oP, —Poo, 
also co^ 00 and ± P. Angle » P : oo P= 126° 37' ; <» P : OP = 96" 66' ; — P oo : oo P = 
1.10° 3'. Both those bromine-compounds dissolve readily in carbon sulphide and in 
alcohol, their dissolution in the latter and in water being attcmlod with separation of 
bromine. Alkaline solutions di.'^solve them sloAvly. 

BrnvwhUmjxalcthjlim llydrohromide^ OlPClBrN’-.llHr, is formed by boiling cither 
of the bromine-compounds just described with water. The base separated therefrom 
is a thick, gradually solidifying oil. Its hydrochloride crystallises in hydrated prisms ; 
the nitrate in curve-faced needles; the (C®]T"ClBrN'‘*.llCl)*PtCP, in 

laminae. The anjentonitrate^ (C’IPClBrN*)2NO’Ag, di.s.solves easily in alcohol, 
sparingly in water, and crysUUises from dilute alcohol in well-defined limpid prisms 
having a vitreous lustre. With (dher metallic .salts tliis base forms precipiUtes 
similar to those obtained wutli chloroxalethylino. Bronichlon)xalet byline is but slowly 
attacked by potash either in fiqueous or alcoholic solution, hut is completely decom- 
posed by distillation ; its hydrobromido i.s converted by hydrobromic acid into tho 
tetrabromine-compound, C*Il*ClBrN“.Br-.Brn. 

The formation of the two bromine-compounds above described is often attended 
with that of a third, probably C*ll‘’ClN“.Br^ 

Iodine acta on chloroxalethyline in the same manner as bromine. 

Chloroxethyline, the yield of which is u.sually 75 percent, of the theoretical 
amount, is difficult to separate frf)m <liethyloxaraido, and when contaminated therewith 
solidifies with comparative facility and completeness, whereas the perfectly pure base 
solidifies but very slowly, and only at very low temperatures. 

OXAUC ACXDf C*II*0* = OOOH.COOH. On the occurrence of this acid in 
Fungi, see p. 832. 

Formatiwh . — Oxalic acid is produced ,*’togethcr with oxamic, carbamic, and carbonic 
acids, by oxidising ammonium glycinato, C'lI*(Nil*)NO*, with permanganate (Drech- 
sel, J.pr. Chem. [2], xii. 417). 

'Preparation. — Experiments on tho preparation of oxalic acid from sawdust and 
other vegetable matters have been made by W. Thorn {Dingl. pol. J. ccx. 24). A 
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weighed amount of sawdust was added to an alkaline solution of 30°-42® Bm., which 
was kept boiling in an iron disli"; strong solutions are to be preferred for this opera- 
tion, as they prevent spirting of the melt. The results showed in the first plnce tliat 
the Isirgest yield of oxalic acid is obtained by the use of pure potassium hydrate ; a 
mixture of the hydrates of potassium and sodium yielded a smaller amount, and sodium 
hydrate alone a still smaller quantity. The highest yield obtained with soda alone < 
was A2-14 per cent, of the sawdust used, 26 grams of sawdust being heated to 240° (1 
with 100 grams NaHO in a thin layer. With a mixture of the two alkalis the yield 
was greater tlie larger the proportion of potash used, and with potash alone the yield 
was 65 per cent, of the w^ood employed. When however the wood was allowed to 
come more directly in contact with the air by being lieated in a thin layer, different 
results were obtained. When 50 grams of w'ood were heated for 1-1^ hours with 
100 grams of the alkaline hydrate of 40® Baum6 in a layer 1 centimeter thick to 240®- 
250°, pure sodium hydrate gave I3IM4 per cent, of oxalic acid; 40 grams of potassium 
hydrato to 00 of sodium hydrate gave 80-57 per cent., and this did not differ materially 
from that obtained with pure potassium hydrato (81*23). When heated air was 
passed over the surface of the sjuvdust and alkali, the results oT)tained w^oro not higher 
than the former. The addition of manganese liioxide had no influence on the reaction, 
the temporal, urc being much too low to effect its decomposition. 

Different sorts of wood yielded different amounts of oxalic acid. 



Ter «3nt. of 

Per cent. 

Per cent, oxalic acid 
calculated to wood 


]iygrosco|)io walor 

oxalic Jiciil 

dried at 100° 

Pine 

. 15 0 

80*6 

94*7 

Poplar 

. 140 

80*1 

9314 

Box . 

. 8*6 

70*00 

86*43 

Oak 

. 6*5 

78-12 

S3-42 


In the foregoing experiments 50 grams of wood were heated with 100 grams 
of alkali. AVhen equal quantities of wood and alkali were employoil, the yield of 
oxalic acid was larger in proportion to the quantity of alkali employed, and smaller in 
proportion to the wood. Thus, when heated in a thin layer, ‘.'iO grains of wood yielded 
oxalic acid equivalent to 81*0 per cent, of the wood employ.*d, and to 40*0 per cent, of 
tile alkali, and 100 grams of wootl gave a quantity of oxalic acid equivalent to 64*14 
per cent, of the wood and to 54*14 per cent, of the alkali. 

To separate the oxalic acid from the melt, the latter is boiled with water, the 
solution concentrated to 38® 11m. (sp, gr. 1’36) and left to cool, wliercupon nearly the 
whole of the oxalic acid separates in granules of sodium oxalate. This salt after 
washing is boiled with milk of lime; the resulting calcium salt is decomposed by 
sulphuric acid ; and the liquid concentrated to 15 llm. (sp. gr. 1*16), whereupon the 
(lissolved gypsum crystallises out, and the solution freed tluTcfrom and evaporated 
down to 30® Bm. (.sp. gr. 1*261), yiedds crystals of oxalic acid. 

The alkali contained in the several mother-liquors of this process may be recovered 
by concentration to sp. gr. 1*380, addition of sawdust till it assumes a pasty consist- 
ence, evaporation to dryness, and ignition. The mass is then treated with water or 
with tile dilute alkaline liquor obtained after addition of milk of lime to the sodium 
oxalate, made cuustic with lime, and after concentration till its specific gravity is 
1*407, again heated with sawdust us atfir.st. 

C. 0. Ccch {DingL goL •/. ccxxiv.^JO) recommends as a substitute for sawdust, in 
the preparation of ox.alic acid, the clippings of parclimont paper, which can be obtained 
at a very cheap rate. 

Purificatim . — To obtain pure oxalic acid for titration, K. Heichardt (^Arch. Pharm, 
[3], ii. 235) stirs a hot .satur.itcd solution of the commercial acid till it is cold, and 
dries the fine-grained crystalline powder thus obtained bctwoeii filter paper. Similar 
methods are recommended by L. {Pharm. J, Trans. [3|, vi. 44i),and F. Stolba 

(Zeitschr. anal. Chem. 1874, 50). 

-For the titration of oxalic acid and its salts, Jean a. PaWott {Bull. 
Soc. Chim, [2], xxvii. 201) recommend the use of baryta-w’ator. The free acid is first 
exactly neutralised with soda, the .solution then mixed with excess of baryta-water, 
and the uncombined baryta titrated back with sulpliiiric acid. 

Reactions. — 1. With Chlorates, Bro mates, and I o dates. A boiling super- 
saturated aqueous solution of oxalic acid decomposes solut ions of chlorates, bromates, 
and iodatos, with evolution of chlorine, bromine, .and ioilino respectively. In the case 
of potassium cMomte, a largo quantity of chlorine is evolved, but still a considerable 
quantity of the chlorate is reduced to chloride. With potassium hromatc a similar 
reaction takes place, but the proportion of the bromine evolved to the bromide formed 
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is greater than that of chlorine to chloride in the case of the chlorate. lodates evolve 
all their iodine in the free state, no traces of iodides being formed. 

In the case of mixtures of those bodies, tlie chlorates are first decomposed, then 
the bromates, and finally the iodates, that wdiich is attacked first being completely 
decomposed before the others are acted on. The steam accompanying the gas evolved 
expels all traces of it before vapours of the second halogen make their appearance. 
This can be distinctly seen, as there is a certain interval between the two reactions, it 
being necessary in some cases to add more oxalic acid to start it .again. 

These reactions aflford a means of testing chlorine and iodine in commercial 
bromine, also the purity of bromides and bromates. The bromine is dissolved in a 
slight excess of concentrated potash, and treated with oxalic acid. Bromides are 
oxidised to bromates by means of chlorine, and then treated with oxalic acid, and 
bromates are treated directly with oxalic acid (A. Guyard, Bull. Soc. Chim, [2], 
xxxi. 299). 

. 2. With P o t a s s i u m P e r m a n g a n a t e. On the effect of temperature on the rate 
of action between this salt and oxalic acid, see Ciikmical Action (p. 426). 

3. With Sodium Silicate. When a solution of oxalic acid, 7o grams to the 
litre, is introduced into a vessel containing 600 c.c. of a solution of sodium silicate, the 
liquids do not mix, but a crust is formed at their surface of contact, consisting of 
amorphous hydrated silica. This crust sets quite hard, and decrepitiites vrhen heated, 
giving a fine white sand hard enough to polish glass (Monier, Covipt. rend. 
Ixxxv. 1053). 

4. WithMonatomicAlcohols. When a primary monatomic alcohol is treated 
with dehydrated oxalic acid, a large quantity of the corresponding oxalic ether is 
formed, whereas in the case of secondary alcohols, only a small quantity of an oxalic 
ether is obtained ; thus 3 muls. methyl alcohol and 1 mol. oxalic acid boated together 
at 50° for several hours and then distilled, yielded carbon monoxide and dioxide, un- 
changed methyl alcohol, methyl oxalate about equal in weight to the oxalic acid 
employed, and a small quantity of methyl formate ; ethyl, normal propyl, isobutyl, iso- 
pentyl (amyl), and allyl alcohols yield mixtures of normal and acid oxalic ethers. On 
subjecting the product to distillation, the normal ether goes over undecomposed, while 
the acid ether is resolvccNinto carbon dioxide (with a little monoxide) and the corre- 
sponding formic ether, the quantity of the latter increasing with the proportion of 
oxalic acid, and in the case of ethyl alcohol, attaining the proportion of 0*28 formic to 
1 pt. oxalic ether. Benzyl alcohol yielded only normal benzyl oxalate. Vseudopropyl 
alcohol reacts in general like the normal alcohol, but is less easily otherified. 

Primary octyl alcohol horn the essential oil of Heradium sphondylium, on treatment 
with dehydrated oxalic acid yielded octylene (b.-p. 120°-! 25^'), and octyl formate 
(b.-p. 195”“197°), these substances being formed by the decomposition of the octyl 
oxalate — 

(C»IP0*C*O‘ = + C«H»^CHO* + CO*. 

Secondary octyl alcohol (methyl-hexyl carbinol) under similar conditions gave 
carbon monoxide and dioxide, formic acid, and a small quantity of octyl formate. 
Trimethyl carbinol and dimethyl-ethyl carbinol are split up by the action of oxalic acid 
into water and hydrocarbons, viz., butylene and amylene respectively (Cahours a. 
Demarqay, Compt. rend. Ixxxiii. 668 ; Ixxxvi. 991). 

6. With Polyatomic Alcohols (Lorin, 1873, Ann. Chim. Phys. xxix. 367; 
XXX. 447; Compjt. rend. Ixxvii. 129,363; Ixxxiv. 1136). It has long been known 
that oxalic acid when heated with glycerol (glycerin) and water is resolved into 
carbon dioxide and formic acid, (C*l[*0* = CO*+ CH*0*), the glycerol being com- 
monly supposed to take no part in the reaction, but merely to prevent the temperature 
from rising so high as to give rise to the resolution of the formic acid into CO and 
H*0. It is remarkable, however, that the greater portion of the formic acid does not 
at once distil over, but remains in the retort together with the glycerol, and can be 
separated therefrom only by distillation with a considerable quantity of water (ii. 
686). According to Lorin, the.decompoaition of oxalic acid under these circumstances 
into CO* and CH*0* is preceded by the formation of a glyceryl oxalate or 
oxalin, C*H'‘0® = C*H*(OH)(O.CO)* which when heated with water is resolved into 
glycerol, formic acid, and carbon dioxide ; ♦ 

C»H«0» + 2H*0 = C*H»0* + CH*0* + CO*, 
and in fact when a mixture of glycerol and oxalic acid i.s heated for some time at 65° 

* When the mixture of glycerol end oxalic acid is heatwl without lulditum of water, the pro- 
ducts are allyl alcohol, water, and carbon dioxide, C‘'ll"0’ + C“H“0*=C"lI*0-f-2C(y-f-2H''0 (Tollons a. 
Hciinigcr, vi. 90). 
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a product is obtained from which ether extracts a white silky body of unctuous 
aspect, easily altered by moisture, fusing readily in the dry state, and resolidifying at 
53®. At a higher temperature it is said to be resolved into carbon monoxide and 
glycerol, and by distillation in a vacuum partly into aqueous formic acid and a gas. 
The aqueous solution of this body, which Lorin regards as a mixture, gave with 
ammonia a large quantity of oxaniide, which comp«)und w'as likewise obtained when^ 
mixtures of glycerol and oxalic acid in various proportions were heated at various 
temperatures, or loft to themselves for some time ; in the latter case the reaction 
takes place with peculiar facility when the anhydrous compounds are employed, and 
then treated with ammonia. 

In the same inannop are formed the oxalins of ethylene and octylene glywl, 
mannitol, dulcitol, orythritol, andqucrcitol, the temperature at which the decomposition 
of the oxalic acid begins being lower for the glycols, and higher for erythritol, &c., 
than for glycerol, with which it begins at 75®, and is in full activity at 90®; it is 
higher also for dulcit,ol than for mannitol. No action upon oxalic acid id exerted by 
cane-sugar, grape-sugar, milk-sugar, or orcinol; hydrate of turpentine-oil heated with 
oxalic acid is I'csolvcd into turpciiLi no-oil and water. Monatomic alcohols heated 
with oxalic acid exhibit only a faint turbidity. Lorin regards the reaction with 
oxalic acid above described as characteristic of polyatomic alcohols. 

Metallic Oxalates. On the Heat of Formation and Solution of Oxalates, see 
lIiiAT, pp. 951, 957, 958, 982. 

On the Action of Alkaline Oxalates on Earthy Carbonates, and of Alkaline Car- 
bonates on Earthy Oxalates, see CArvBONrAms (p. 410). 

AYcr/r«///.si.s.---Accordiiig to Biingo {Tier. ix. 78), aqueous solutions of oxalate.s yield 
by electrolysis hydrogen at the negative polo, and at the positive, either carbon dioxide 
alone or a mixture of that gas with oxygtm. The proportion of those twi) gases in the 
mixtun; varies according to the conditions of the experiment, the relative quantity of 
oxygen being increased by strengthening the current, enlarging the surface of the 
anoile, using stronger solutions, and lowering the temporature. 

Ammonium Oxalate, C‘‘(NH<)-0‘. — This salt has been found, to the amount of 
5‘64 percent., in (luanapi guano, in combination wdtli 2 mols. water, the ordinary salt 
contiiining 1 mol. (J. A. Tanner, Chem. News, xxxii. 162). 

Calcium Oxalatem'^y bo obtained in crystals of the various forms occurring in 
plants, and others besidt^s, by causing solutions of potassium oxalate and calcium 
chloride, or of oxalic acid and calcium sulphate, to mix slowly in a liquid medium by 
means of strips of filter-paper or dialysing diaphragms, the particular forms obtained 
varying according to the nature of the reaction and tlic constitution of the medium. 
Tims in a medium containing glucose or dextrin, needles are formed exactly like the 
‘ rapbides ’ uccurring in plants ; in a medium ccmtainiiig a small quantity of albumin, 
crystals of hoar-glass shape are produced, like those* which sometimes occur in urine 
(Vesquo, Commit, rend. Ixxviii. 149). Similar results were previously obtained by 
Moiiier (vi. 887), 

Votassio-calcio-chromic Oxalate, KCaCr((70^)*, is formed by mixing warm 
dilute solulioiis of blue potassio- chromic oxalate and calcium chloride: 
K=*Cr(C“0*)* + CaCl'^ — 2KCI 4- KCaCr(C'"0‘)* ; or by boiling a solution of red potassio- 
chrornic oxjilate with rc^cently precipitated calcium oxalate: KCr(C-0'‘)" 4- CaC'*0^ = 
KCaCr(C'0‘)®. The former method is to be preferred. 

This salt loses 1 mol. of water in a dry atmosphere, changing from a greenish- 
black to a greenish-violet tint ; at 100® it is dehydrated and becomes violet. 1 pt. of 
it <lissolves in about 22 of water at 16®, and in 5 pts. at 100“. The solution, of a 
groonisli-purplo colour, becomes more decidedly green wlicn boiled, and resumes its 
original colour on cooling. The salt is exceedingly stable, and crystallises with the 
greatest ease from hot or cold, acid or neutral solutions, and can be precipitated in the 
erystallino .state. It is almost insoluble in strong hydrochloric acid. The crystals, 
when slow'ly deposited, are formed in clustor.s, l he individual crystals being never 
more than of an inch in thickness and .J- an inch long. They have a greenish-black 
lustre, and apparently consist of pri.sms wdth a rectjingular base ; they reflect white 
light. From hot solutions much smaller crystals are deposited, which, as well as their 
powder, are olive-green in daylight, and heetroot-rod by gaslight. Minute crystals, 
examined in daylight by the microscope, are of a pale green tint; fragments of large 
crystals coarsely pow'dered appear of almost all tints, ricb-green and blue prevailing. 
Larger crystals, deposited by s})ontane<.us evaporat ion of a cold solution, appear of 
two colours, chiefly a beautiful blue and rich green, with sometimes a tinge of 
deep red. 
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A ciystal mounted in iui?h a manner that it could be rotated on its principal 
crystalline axis while under microscopic examination, showed in each revolution two 
phases of blue, two of green, and two of opacity witli a tinge of red. When a crystal 
so small as to bo quite transparent in any position was examined in this manner, pure 
red light was transmitted tlirough its edges. These oiFects show that the play of 
colour is due to plcochroism, or the property which, by virtue of double refraction, 
some minerals possess of transmitting light of different tints through their different 
crystalline axes. The two axes of thin crystals give spectra which do not differ from 
each other materially, or from the solution of this salt in particular, or from 
chromium salts generally. 

By Maminatioii with a Nicol’s prism, and with similar crystals used as analysers, 
it was found that this salt is a powerful polariser. There is a marked difference when 
the blue and the green rays are ex.‘imined with a Nicol’s prism, the former being much 
; more completely polarised than the latter, so that in rotating the Nicol there is an 
, ^ternation'of brilliant blue and perfect darkness, or, if the crystal bo thin, of blue and 
reddish-green.' If, however, a crystal transmitting green rays of equal brilliancy be 
examined, the light is not cut off, but only obscur^. In like manner, if both analyser 
and polariser consist of these crystals, the effect when they are in a position at right 
angles to each other is the same as that produced by a Nicol’s prism, viz., only green 
rays are transmitted. The green ray is more strongly refracted, and at the same time 
more absorbed than the blue, in accordance with Babinet’s law {Poyg. Ann, xli. 116). 
This was made evident from the apparent chaugi‘ of colour when white light was 
admitted to them at different angles. These observations acefount for the facts 
already noticed — namely, that miuulc crystals appear green even under the microscope, 
and also that the xH}wder is green. • 

Taking a number of crystals, or fragments of crystals, lying in all directions over 
each other, it is easy to see that no blue rays can be transmitted; for wdiure two 
crystals cross, the light transmittcil is green. The green rays being more absorlicd 
(that is to say, travelling with le.ss facility) than the blue, it is possible to have a blue 
crystal so thin as to transmit white light through one axis, wliile green rays would 
pass at right angles through the other ; under tlujse eircumst amass tin* crystals would 
appear green. The red colour seen by gaslight is of course due to the suppression of 
the green and blue by the yellow illumination. This substaueo strikingly exemplifies 
the fact that pleochroism results from the polarisation of light traversing a doubly- 
refracting coloured medium. 

This chromium-compound is a remarkably delicate test for the purity of white 
light, showing a red tint by gas-light, red and blue by the lime-light, while by the 
light of magnesium wire or the sun it di.splays red, blue, and green. Altogether it is 
the most remarkable example of plcochroism at present known (W. N. Hartley, Proc, 
Boy. Soc. xxi. 499). 

From the microscopic examination of many similar compounds, it was found that 
the efficiency in di.splaying pleochroism is inversely as the molecular weight of tho 
compounds, the property depending upon the amount of colour the chromiurn gives to 
the crystals. 

Monoruhidium Dioxalate, RbHC*0*.C‘-IP0‘ + 211-0, is prepared by digesting 
together 100 grams of rubidium-alum, 7'Z’G grams of crystallised oxalic acid, and 170 
C.C. water at the boiling heat, and separates out almost completely on cooling. By 
slow evaporation it is obtained in line, transparent, many-faced prismatic crystals, 
apparently triciinic; and by cooling from a hot Concentrated s(»Iution, in tran.sluceiit 
laminar groups of crystals, becoming milk-white w'hen dried at but not efflor- 

escing perceptibly in the air. Tho pulverised salt ha.s a density of nearly 2T246 at 
18°. The salt <lisHolves very easily in boiling w'uter. and in 47 pts. water at 21°, the 
latter solution having a density of IMil 1 1. By ignition it is converted into carbonate 
(Stolba, Munch. Akad. Ber. 1877, 6 Heft). 

Vanadious Oxalate is obtained, acconling to Giiyard {Bull. Soc. Ckm. [2], 
XXV. 350), by fusing a mixture of vana<linra pentoxide and crystallised oxalic acid in 
the water of crystallisation of tlie latter. The bine mass thus obtained dis.solves 
completely in water, forming a solution which on evaporation yields crystals of the 
oxalate. 

Oxalic Stbers. On the reaction of Ethyl and Methyl Oxalates with Naphthyl- 
amine, see Naputhylamink. • 

Methyl Oxalate, 0‘-(CIP)*0^ is very easily prepared by di.s8olving oxalic acid 
dehydrated at 10(»° in boiling methyl alcohol, and leaving the solution to cool. The 
crystals are freed from adhering mother-liquor by draining on a vacuum-filter, and 
washed with cold water till the liquid which runs away no longer exhibits the iodoform 
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reaction. To obtain pure methyl alcohol from this ether,, it must be decomposed by 
prolonged boiling with water and distilled (Erlenmeyer, N. Bcp. Pharm. xxiii. 624). 

Ethyl Oxalate, C*(C*H»)*0*.— With potamtm methylate, this ether forms potas- 
sium methyloxalate (Salomon, Ber, viii. 1506); possibly litiua: ' 

+ CH>oK = co*ch».co*k .+ (cpu^yo. 

On the reaction of Ethyl Oxalate with Cyanamido, see p. 568. ' 

Propyl Oxalate, C*(C*H’)^0‘,is obtained by distilling anhydrous propyl alcohol 
with dehydrated oxalic acid, either alone or mixed with one-third of its weight of 
sulphuric acid. The distillate, on addition of water, separates into two layers, the 
upper of which, when dried and rectified, yields propyl oxalate, having an aromatic 
odour, a density of 1*018 at 22°, and boiling between 209° and 211’'. Ammonia 
easily converts it into crystalline propyl oxamate, C*H^O.CO.CO.NH^ which is 
decomposed by water with reproduction of propyl alcohol and oxalic acid ; 

OTP0.G202.NH2 + 2H20 = C^H’On + + NH* 


(Cahours, Compt, rend. Ixxvii. 749). * 

Butyl Oxalate, obtained in like manner, is a very clear, colourless 

liquid, having a strong aromatic odour, and a density of 1 002 at 14°. It mixes in 
all proportions with alcolnd and etlier, but is insoluble in w^ater. Cold water decom- 
poses it slowly ; boiling potnsh-lcy more quickly, into oxalic acid and butyl alcohol. 
By treat mont with an alcoholic solution of potassium hydroxide containing only a 
quantity of potassium sufficient to replace one of the butvl-moleeules, it is converted 
into potassi um-butyl oxalate, CO'^UBP.CO-K. With aqiu oits ammonia it forms 
oxamide. By addition of alrohdio amnamia in small portions it is converted into 
butyl oxamate, NH-.CO.(JO.OC*H®, 'vvhichseparat.es from its solution on spontaneous 
evaporation in beautiful prisms (Cahours, ibid. 1408). 

OXAZiXS. Experiments have been made by Mercadante {Gazz. chim. ital. 1875 
249) on the growth of w'ood-sorrol (Oxalis acetosella) and several species of Bumex in 
sulphur, to which were added altogether 1 1 pis. per thousand of ferric oxide, and of 
the nitrates, phosphates, sulphates, ami silicates of sodium, calcium, and magnesium, 
but no salts of potassium. Under these circumstance.^ the plants did not fructify ; 
their juice contained only an eighth of the quantity of acid present in that of the 
normal plants ; Uirtaric acid was pre.sent as well as oxalic acid ; and the proportion 
of starch and of sugar was greatly diminished. 

CO.Nn.CO.NlP 

OZAX.URAMZBS, | . Oj*afa7».— This compound is 

CO.NIP 

formed by fusing oxamethane with urea : 


COOC‘’Il= 

CO.NIP 


+ CO 


NIP 

NH* 


= C^H^OH + 


CO.NH.CO.NH* 

io.NH* 


(Carstanjen, J. pr. Chem. [2], ix. 143) ; also by heating ammonium parabanate, 
C*H(N1I*)N*0* (with which it is mctaiueric) with alcoholic ammonia (anhydrous 
alcohol saturated at ordinary temperatures with NH*) at 100° in a sealed tube for six 
or eight hours. 

. CO.N(CH»).CO.NII(CHs) 

The amide of dimethyloxcdurk acid, | , is formed in like 

CO.NH2 

manner by the action of an alcoholic solution of ammonia at ordinary temperatures 
on dimethylparabanic acid. It crystallises in noodles melting at 223-5° (Menschutkin, 
Ber. vii. 128 ; Liebig's Annalen, clxxii. 73). 

OXAZiiniZC ACZB, C®H^N*0*=NH2C0.NH.C0.C00H (Menschutkin, ibid. 
89). The potassium salt of this acid, C*1PKN‘0^ is formed by the action of water 
on potassium parabanate, C®}IKN*0*. According to Strecker {ibid, cxiii. 47), it is 
also produced by the action of potassium carbonate on alloxan in presence of hydro- 
cyanic acid; Menschutkin, however, obtained by this process another salt, the 
composition of which has not been determined. Potassium oxalurate is sparingly 
soluble in water and crystallises with groat facility. Even small quantities of it yield 
fine well-developed crystals, containing 1 mol. water, which is given oflf at 100°, and 
slowly by efflorescence in contact with the air. According to measurements by 
Erofejeff, they belong to the orthorhombic system^ Axial ratio, a : b I c ^ 
1 I 0*6014965 : 0*5393226. Observed forms, P, ooP, Poo, ooPoo, oof c». 

By the action of phosphorus oxychloride, oxaluric aciii is converted into oxalyl- 
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carbamide or parabanic acid: C*H*N*0* — 11*0 = C“H*N*0* (Orimauz, Compt, 
rend, Izxyii. 1548). 

Ethyl Qxalurate, NH*.C0.NH.C*0*0C-H*, which L. Henry obtained by the 
action of ethoxyoxalyl chloride, C*1P0.C‘‘0“.C1, on iire{i(vii. 883) may also be prepared 
by healing silver oxalurate for half an hour in a reflux apparatus with a slight excess 
of ethyl bromide or iodide dissolved in absolute aleoliol. It melts with decomposition 
at 177°-178'' ; is converted by silver nitrate into diargentic parabanate, C*Ag*N*0*, 
and resolved by baryta- w’ator into oxalic acid, urea, and alcohol ; by alcoholic ammonia, 
at 120°, into oxaluramide and alcohol ; by hot water and dilute acids into oxalic acid, 
urea oxalate, and other products (^F. Salomon, Ber. ix. 374). 

OXA&TXi-CARBAMXBli. Syn. with Pahakanic Acid (^. v.) 

OZA&TXi-BZPB&mi-HTBBAZniB, (C«H\N*H*)*C*0*. See Hydbazines 
(p. 1053). 

OXAMSTBABB, NIP.CO.CO.OCHP. Ethyl Oxamate. See Oxamic Ethers. 

OBAMZC ACZB, C-H®NO* = NIl*.CO.CO.OH. This acid is formed by the 
direct oxidation of glyc<jcine, NH-.C1I‘*.C0.0H, with potassium pennanganate. Oxalic 
and carbonic acids, which are formed at the same time, may be removed by calcium 
chloride, the oxamic acid then precipitated by solution of basic lead acetate, and the 
precipitate decomposed by hydrogen sulphide (H. Engel, Comyt, rend. Ixxix. 808). 

Oxamic Ethrbs. 

Btlijl Oxamate or Oxamethane, CHPNO*=:NH*.CO.CO.OC*IP, is best pre- 
pared, according to Weddige Chem. [2J, x. 193), by adding very gradually to a 

solution of 1 mol. ctliyl oxalate in two or three times its volume of alcohol, 1 mol. 
ammonia likewise dissolved in alcohol, the whole being carefully cooled by ice, as rise 
of temperature u'ould lead to the formation of considerable quantities of oxamido. 
The oxamethane separates, even while the process is going on, in thick crystals, which 
at the end of the reaction must be freeil from small quantities of oxamide by recrys- 
tallisation from hot alcohol. The mother-liquor yields additional quantities on 
evaporation. 

On the formation of Oxaluramide by fusing Oxamethane with Urea, see p. 1455. 

Hy the action of phosphorus pentachhride, oxanudhano is converted into ct hylic 
dichlorainidacetatc, NIl-.CCl\COOC-H', which crystallises in hard white noodles ; 
fumes in the neighbourhood of ammonia ; is reconverted by water into oxamethane ; 
gives off chlorine when kept for some time, and hydrogen chlnride when fused, with 
simultaneous formation of ethylic cj^anocarbonate. If the tern pc rat u re rises somewhat 
too high during the preparation of the dichloramidacetate, a l>ody is formed having 
the composition NH::z:C(Jl — CO()C'*TP (Wallacli, Ber. viii. 299). 

In the distillation of oxamethane with phosphorus pputachloride, there are also 
formed, in consequence of the action of Avater, tiuo crystals molting at 128°- 130°, and 
having the composition C^}PO*Cl‘NF. This compound di.ssolves slowly in cold water 
and in acids, easily in alkalis and ether. When heated above its melting point, it is 
resolved into phosphorus oxychloride and cthyl-cyanocarbonic acid. Water decom- 
poses it, forming hydrochloric but no phosphoric acid, showing that it is not a com- 
pound of ethylcyanoearbonic acid Avilh POCF, but that its constitution is probably 
C*H*O.CO.CCU.NH.FOCl* (Wallach). 

Oxamethane Cyanurate, (C*H"NO*)*C*H*N®0®,metameric and polymeric with ethyl 
oxalurate, is obtained by passing the vapour of cyanic acid into 5 grams of pure and 
dry oxamethane heated to 130° in an oil-bath, treating the product with 30-40 grams 
of boiling water, and filtering. The cyanurate then separates in needles, which may 
bo purified from oxamethane, if still pre.sent, by recrystallisation. It crystallises in 
shining brittle needles nearly insoluble in cold water, soluble in about 30 pts. of boil- 
ing Avater ; melts to a pasty luass at 155°-160° ; and is resolved at a higher tempera- 
ture into cyanic acid and a crystalline sublimate. On boiling it for a few minutes 
with milk of lime, and filtering, the filtrate deposits hard shining prisms of calcium 
oxamate. Ammonia added to its^iqueous solution precipitates crystals of oxamide, 
and baryta- water throws down barium cyanurate. These reactions demonstrate 
the composition of the compound (Grimaux, Bidl. Soc. Chim, [2], xxi. 153). 

Acetyl’Oxamethanef NH(C*H*0).C*0*.0C-JP, formed by heating oxamethane with 
acetyl chloride, crystallises in radiate groups of needles, soluble in alcohol and ether, 
melting at 54°. The compound thus fijrmed i.s prol^ably identical with that which 
Ossikovsky obtained {Ber. v. 667) by the action of ethoxyoxalyl chloride on acetamide 
(Krotsehmar a. »Salomon, J, pr. Chem. [2], ix. 299). 
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BemoyUoxamethane^ produced in a similar manner) is also a finely crystallised 
compound. 

Ethyloxamethane, NH(C*H»).C*0*.0C2n*, formed by the action of ethyl oxalate 
on ethylamine, is an oily liquid filing at 244°-246°, miscible in all proportions with 
water, soluble in alcohol and in ether. It is completely decomposed by aqueous 
ammonia with formation of ethy loxamido, NH(0‘‘H*).C-0*.NH^ It is saponified ' 
by boiling water, also by milk of lime, with great rise of temperature and formation 
of a crystalline othyloxamate of calcium contsiirnng 2 mol. H*0. The acid 
obtained from this salt sublimes in woolly needles (Wallach a. West, Ber, viii. 760). 

Ktliyloxamethano is converted by PCl^ into ethyU>xametkane--miidachl(ynde, 
— OOOC‘^H\ which by prolonged heating at 100° is resolved into HCl, 
C“iPC], CO”, and greasy substances, from which a very small quantity of a body 
melting at 200° may bo sublimed (Wallach a. West, Bcr. viii. 760 ; ix. 262). 

Methyloxamtlmne^ NH(0iI“).C‘O“.OC‘‘IP, obtained by passing mothylamine into 
ethyl oxalate, solidifies at 0®, but at ordinary temperatures is an oil soluble in water 
(Wallach a. West). 

,Ethyl Thioxamate^ NH*^.CS.CO.OC‘'*f.P, is formed by addition of hydrogen sul- 
phide to ethyl cyanocarbonate (vii. 415; viii. 617) : 

NC.CO.OC*H» + H‘^S =» Nip.cs.co.ocm 

When hydrogen sulphide is passed into this ether or its alcoholic solution, ethyl 
thioxamato soon scparales in yellow crystals, and after some time the entire liquid 
solidifies to a crystalline pulp ; and by pressing out the mother-liquor and recrystal- 
lising from ether, the thioxamate is obtained in large lemon-yellow prisms ; from hot 
water it ciystallises in needles. It melts at 63°-64° and cannot bo distilled without 
decomposition (Weddige, J, pr. Cla m. [2], vii. 79). 

Methyl Thioxamate, NH-.C8.CO.OC1I*, produced in like manner, crystallises 
in delicate light-yellow, brilliant nccdle.s or laminm; melts at 86° ; dissolves in alcohol 
and ether, less easily in water; d(‘composes when heated above its molting point {ibid, 

X. 193). 

Jsohutyl Thioxamate, NH'-.CS.CO.CH^CH(CH'*)-, crystallises from alcohol in 
long Icinon-ycllow noodles and prisms, which melt at 58°, dissolve with moderate 
facility in alcohol and ether, sparingly in water (Weddige, loe. cit.) 

Phenylozamlc Ethers ((I. Klinger, Ber, viii. 310). EthylioPhenyloxam afe, 
or Vhenyloxd methane, Oir’.CO.Nll.COOC'^H*, is formed by heating ethyl oxalate 
and aniline together in molecular proportions, and crystallises in large plates or 
prisms, melting at 66°, and dissolving readily in ether, alcohol, and benzene. From 
water it crystallises in small needles, melting at 64’5°-65°. Acetyl chloride converts 
it into ethyl phenylaco tyloxainato, C®H^CO.N(0-IPO).C()OC-II*, which forms 
largo pri.sms or plates melting at 66°“67^. When the phenyloxamate is treated with 
bromine, the monobromophenyl-eom|iound, C®H^Br.(vONK.CO()C‘ir*, is formed, crys- 
tallising in plates or flat needles which melt at 154°-156°, and yield on saponification 
parabromanilinc iiieltiug at 61° -62°. 

Ethylic phenyloxamate lieatcd, not above 70°, with phosphorus pentachloride is 
converted into ethylic phony lamidodichloracetate, Nir(C‘*Il*).CCl'.COOC-H* ; 
.above 70°, however, an imi<lochlori<le is produced. By heating the amidodiehlor- 
acetato for a long time to 90°, or for a shorter time to 120°, or subjecting it to the 
action of gaseous ammonia, it is converted into ethylic phcnylimidochloracetate, 
OIl-’N—CCl — CIO — OC'-TP, which crystallises in colourless needles melting at 91°. 
Both the ainidodicliloracetate and t lie iinidomouochloracetate are converted by aniline 

into the compound which crystallises in yellow-green 

laminae, melts at 234°-235°, and i.s resolved by lx)iling with water into oxanilide 
(m. p. 245°) and aniline. When the amidodichloracctate is heated for twelve hours 
at 90°, OP for tw'o or three hours at 120°-130°, CO and CO- are given off, and the 
residual liquid is found to contain nothing but ethylic phenyloxamate and aniline. 

Ethylic Paratolyloxamate or Faratolyloxamethane 

0®H*(CH“).CO.NH.COOC*H*, obtjiincd by heating ethyl oxalate with paratoluidine, 
crystallises in laminae and melts at 66°-67®. Paratolyloxamie acid, obtained from it 
by the action of alkalis, forms needles molting at 168° 170°. Phosphorus penta- 
chloride converts paratolyloxamethane into ethylic paratolylamidodichloracetate, 
C®H^(Cn*) NH.CCP.COOC-H*, which crystallises in white needles melting at 59°-60°, 
and is converted by water, or by alcohol of 98 per cent., into paratolyloxamethane 
(Klinger). 

Phenylene (Meta-) Oxamic .acid, C®H®N20®=^H3N.0®H®.NH.C^0>.0H, is 

VoL. Vm. 5B 
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produced, together with the corresponding phenylenediamine oxalate, when meta- 
phenylenediamino is hoiled with oxalic acid and alcohol for fire or six hours, and 
separates out, while the'oasily soluble phenylenediamine oxalate remains in the liquid. 
It likewise separates when a solution of phenylenediamine oxalate is boiled for a con- 
siderable time, and is obtained in greatest abundance when a solution of metii-pheny- 
lenediamino is gradually added to a boiling solution of oxalic acid. It crystallises 
from boiling water in slightly reddish needles, which melt only at a very high tem- 
perature and carbonise at the same time. The amTimiium salt forms slightly yellow 
crystals, sparingly soluble in pure water, easily in slightly alkaline water. The silver 
salt forms long slender needles (Klusemann, Bcr. vii. 1261). 

OXAMZDS, NH^C-0*.NH-. On the Heat of Formation of Oxamidc, see p. 960. 

Reaction with Alcoholates. — Oxamide, like other amides, does not yield amine- 
bases when heated with alcoholates. Thus, on distilling it with sodium ethylate or 
with sodium or potassium phonato, not a trace of ethylamine or phenylamine is 
obtained, the only products being ammonia and cyanide of sodium or potassium. 
Considerable quantities of potassium cyanide are formed on heating oxamide with 
potassium hydrate (Weith, Btr. vi. 966). 

Methyloxamide, NH‘^.G‘‘0*.NH(C11*), prepared by the action of mothylamine 
on oxamethane : 

NmC^O^.OC^H* + NH2(CH») = NmC20-'.NH(CH») + C“H»OH, 

crystallises in microscopic needles melting at 227°-229°, sparingly soluble in water 
and in alcohol (Wallach a. West, Ber. ix. 262). 

Methylethyloxamide, NH(CH*).C®0*.NH{C*IP), obtained in like manner from 
methylamine ami ethyloxamethano. crystallises from alcohol in needles melting at 
16o®-167^, subliming easily, soluble in hot water. By the action of phosphorus 
pontachloride, it is converted into chloroxal methyl ethylene, C^HX’IN*, an oily 
liquid boiling at 212^-213°, miscible with water, and solidifying at low temperatures. 
Its hydrochloride, C*Jl^ClN*.IiCl, is very hygroscopic, but crystallises on standing 
over sulphuric acid ; the platinochlonde, (C^II'ClN-JICiy'^PtCh, crystallises from 
alcohol in large tablets; tho siher salt, C*IPClN*.NO®Ag, crystallises in transparent 
prisms ; the vuthiodide, C“H'C1N*’.CH*I, is very stable, and is purified by crystallisa- 
tion from alcohol. The reaction of chloroxalmethylethylene with metallic salts closely 
resembles those of its homologues previously described (pp. 403, 454) (Wallach a. 
West). 

Phenylmethyloxamide, NH(CH*).C®0*.NH(C®II*), from methyloxamethane 
and aniline, crystallises in thin white needles, melting at 171^-173°, easily sublimable. 

Phenylethyloxamide, NII(C=n*).C®0‘'.N]I(C®IP), prepared from cthyloxara- 
ethane and aniline, or from ethylic phenyloxamate and ethylamine, is very slightly 
soluble in water, but may be crystallised from alcohol in white shining needles of 
silky softness, and melting at 169'’ (Wallach a. West). 

OXAMOXBnr. A compound formed by tho action of cyanogen on albumin. 
See Pkoteids. 

OXBTHYZiSirE-TOZiVZDnrB, C^HI’NO = NH(C^H^)(C^H*OH). See 

T0LUIDINK.S. 

OXZMlDOCTAirxc ACZB. »Syn. with Pauamanic Acid. 

OXZNBOZiE, C®1I^I^0. The identity of this compound with orthoamidophenyl- 
CH2.CO 

acetic anhydride, ^ ^ -Nll, has been already noticed (p. 1086) ; and this view 

of its constitution is confirmed by its formation by reduction of orthonitrophenylacetic 
acid. When a mixture of tho throe isomeric nitrophenylacetic acids is subjected to 
the action of tin and hydrochlcjric acid, and the product is neutralised with marble 
and precipitated with barium carlxmate, the para- and meta-amido-acids form barium 
salts, while the ortho-acid remains dissolved in the form of an anhydride, which may 
be extracted by ether. This anhydride is identical with oxindolo, prepared by reduc- 
tion of dioxindole (vi. 736), and yields indole when heated with zinc-dust (A. Baeyer, 
Ber. xi. 582). 

After the ingestion of oxindole and dioxindole (by men, dogs, and rabbits), red 
colouring matters are found in the urine, very much like those which are produced by 
the oxidation of those bodies in tho air (Nencki, Bar. vii. 1593). 

OXOmC ACZB, An acid discovered by Strockor, who obtained it 

by the action of atmospheric oxygen on uric acid in alkaline solutiori. It forms two 
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scries of salts. The cund potassium salt, precipitated by acetic acid from the alkaline 
solution just mentioned, crystallises in needles 'with 1^ mol. water. The <icid bar him 
salt contains J mol. water. Those salts were found by L. Medicus among the pre- 
parations left by Strecker (Liebigs Anmlen, clxxv. 230). 

OXACSTAMrZl.ZBS, CWNO- =. C«H®.NH.C*I1*(011)0. Syn. with Phentl- 
HYDBOxyL-ACKTAMiDB. See Acetamidks (p. 7). 

OXTACZlTOTOZiUZDZZrE, C“II"N0“ = C®H<(CH*).NU.C2ir-(011)0 (loc. cit,) 

OXYACRTEZC or ACRYB-EACTZC ACZD, 

c*ir‘o* = cn(oi£)— on— coon. 

The barium salt of this acid is formed, together with barium malonate (p. 1257), by 
the prolonged action of boiling baryta-water on ethyl chloracrylate (Pinner a. Bischoff’, 
Liebig* s Annaten, clxxix. 85). 

OXY AlTTBRAQVZXroirSS. See Anthraqdinones (pp. 99-1 12). 

OXTAZOBEirZERE, C'-H'«N‘^0 = C«Hs.N=:N.OG'*H*, is formed when a mixture 
of nitrosophenol (20 pts.) and aniline acetate (60 pts.) is loft to itself at ordinary 
temperatures or heated on t he water-bath. A brisk action takes place, attended with 
cliauge of colour and formation of a crystalline pulp, which, when heated with 
ammonia, yields a solution of oxyazobenzeno. This compound crystallises in orange- 
coloured prisms, melting at 148° (Kimich, 2fcr. viii. 1499); compare vii. 151; viii. 
215. 

OXYAZOTOZiUSlTE, C®II<(G1P).N=:N.0C«H.\CH®), formed, together with 
other products, by the action of paratoluidine acetate on nitroBopheni)!, crystallises in 
orange-red prisms melting at 151", somewhat soluble in hot water. It possesses acid 
properties, and yields a silver salt crystallising in shining orange-coloured needles 
(Kiniicli, loc. cit.) 

OXYBSXffZAZiBSBTBES. 8oo Oxybenzoic Aldehydes (p. 1865). 

OXYBBZrZAlKZZBB (PARA-). See Oxybenzoic Acids (p. 1463). 

OXYBBZrZBMTZSf or OZOBBN'ZEBrE. An explosive substance formed by 
tr(.-ating benzene with ozonised oxygen (p. 159). 

OXYBBBTZOZC or HYBROXTBBRZOZC ACZBS, G«HXOIl).C()OH. Many 
of the reactions and derivatives of these acids have already been described (pp. 278- 
294). 'I'lio following are recent additions to our knowledge of them, which have 
been made by il. Kupferhorg (J. pr. €hem. [2], xvi. 424). 

JSormal SoiVmm Varaexybe monte, heated to 240°-250°, is resolved into a basic salt, 
phenol, and carbon dioxiilo, according to the equation : 

2G«H\OU)CO'^Na = G«H^(ONa)GO'^Na i- G“HH)H + CO*. 

If the operation is conducted in a stream of carbon dioxide, ami the temperature raised 
to 280"- 295°, the basic .salt is left as a white residue, which is then found to yield 
36 per cent, of salicylic acid, the quantity decreasing with the rise of temperature. 
The change of paraoxyljeiizoic acid into salicylic acid may perhaps bo regarded as due 
to the action of carbon dioxide, and to a more complex action than tlie mere change 
of position of the hydroxyl and carboxyl groups, possibly to the formation of an 
isomoride of orthopheiioldicarboxylic auid, which would bo resolved by heat into basic 
sodium salicylate and Ciirbon dioxide, as follows : 

C*H>(01I)(C0*Na)* = C»HXONa)CO*Na + CO* 

This view is supported by the following observations : — (1.) AVheu sodium para- 
oxy benzoate is heated in a quick stream of hydrogen, no salicylic acid is formed ; if 
the stream is slow, a small quantity is produced. (2.) By Van den Welden’s observa- 
tion (./. pr. ’Chem, [2], xv. 15,5), that thallious salicylate wdien hejited decomposes into 
paraoxybenzoic and orthoplienoldicurboxylic acids. (3.) By Ost s observation (ibid, 
366), that basic potassium paraoxybenzoate is converted by bent into potassium ortho- 
phenoldicarboxylate. (4.) A nearer examination of the pi-oduct obtained by heating 
sodium paraoxybenzoate in a stream of carbon dioxulo showed the presence of ortho- 
phenoldicarboxylic acid, C“H.*(OK)(CO-ll)* and oxytrimosic acid, C®IP(OII)(CO*Il)*. 
By conducting the operation very slowly, the end-product was found to contain basic 
stidium oxytriracsitato only, tho reaction taking place as follows : 

2C''ll\ONa)CO*Na + CO* = C«H*(ONa)(CO-Na)* + C«H*.OH. 

Potassium paraoxybenzoate, heated to 240°-250° in a stream of carbon dioxide, is 
Xiisolved into basic potassium paraoxybenzoate, phenol, and carbon dioxide, small quan- 
tities of orthophenoldicarlioxylic and oxytrimesic acids being, however, formed at the 

5 B 2 
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same time, in consequence of the decomposition of the potassium salt of the fomer 
acid at high temperatures into basic piiraoxybonzoate and carbon dioxide. 

The identity of the orthophenoldiciirboxylic and oxytrimesic acids obtained above 
with those obtained from salicylic acid is fully borne out by their characters. The 
alkaline salts of oxybenzoic acid (meta>) differ from those of the isomeric acids in 
their behaviour when heated ; they yield no basic salts, and only a small amount of 
impure phenol, the residue becoming carbonised. 

Thallious Oxyhensoate, C*IlXOH).CO*Tl, prepared by neutralising the acid with 
thallious carbonate and evaporating the solution, crystallises in colourless shining 
prisms, easily soluble in hot, less soluble in cold water. Basic thallious oxybenzoate, 
prepared by heating an aqueous solution of oxybenzoic acid with excess of thallious 
hydrate, and evaporating the solution, crystallises in yellow prisms more soluble than 
the neutral salt, and possesses an alkaline reaction. 

The basic alkaline oxy benzoates are white hygroscopic powders, which when heated 
in a stream of carbon dioxide leave a residue containing only oxybenzoic acid. 

Tetrethylammonium Salicytaie, C*ll\01I).C0‘N(C‘-n’^)‘, prepared by neutralising 
the aqueous solution of the base with salicylic acid, and evaporating the solution, is a 
brown, syrupy, highly hygroscopic mass. When heated to IStr, it is resolved into 
triethylamine and ethyl salicylate. The metoxybenzoate of this base resembles the 
salicylate ; the paraoxybenzoate is. however, resolved at 170° into carbon dioxide, tri- 
ethylamine, ethylparaoxy benzoate, and phenetoil, as follows : 

c«H^(OH).co*'*N(C*H*)* = + CO*. 

The oxybenzoates of tTveihylylunylammonmm^ C®HXOII).CO*‘(C*H‘)*(C®H*), are 
more stable than those of tetrethylammonium, but are decomposed by heat in a similar 
manner, yielding diethylphenylamine and the ethyl-ether of the acid. 

The Salicylate Paraoxybenzoate of Methylaminc, C®H^(OH).CO*N(CH*)IT®, are 
deliquescent crystalline masses, which are resolved by lieat into metliylamino, phenol, 
and carbon dioxide. The metaoxybenzoate, however, yields, when heated, methylamine 
and oxybenzoic acid. 

The aniline oxybenzoates^ prepared by dissolving equivalent quantities of base and 
acid in alcohol, and evaporating the solution, are well crystallised compounds, and 
are decomposed by heat in a similar manner to the methylamine salts, the paraoxy- 
benzoate yielding a small quantity of the anilide. 

The three oxybenzoyl-anilides are prepared by heating the aniline salts with 
PCI* or P*0* as crystalline bodies. 

Salicyl-anilide crystallises in prisms melting at 132° (134°-135°, Wanstrat, Deut. 
Chem. Ges. Ber, vi. 336). 

Paraoxybenzoyl-anilide ciystalliscs in yellow shining plates, melting at 196°~197®. 

OxybenzoyUanilide crystallises in white silky needles, melting at 164°~166°. 

These anilides are <'ill easily soluble in alcohol, and sparingly soluble in water ; 
with the alkali-metals and thallium they form easily soluble compounds by the 
replacement of the hydrogen in the hydroxyl group by metal, their solutions yielding 
amorphous precipitates with salts of the heavy metals. Salicyl-anilide differs from 
the others in giving a violet coloration with ferric chloride. 

On the formation of Oxybenzoic Acid (Meta-) together with Salicylic Acid from 
Orthochlorobenzoic Acid, see p. 284. , 

Solubility in Water. — H. Ost {J. pr. Chem. [2], xvii. 228) has determined the 
solubility of the three oxybenzoic acids and of benzoic acid in w'ater by tilling strong 
flasks with the hot solutions of the acids, closing them looscdy after C(joling, and sur- 
rounding them with ice for several days, and estimating by titration the amount of 
acid remaining in solution after the deposition of the crystals. The solubilities at 0° 
were thus found to be : 

Salicylic Benzoic Faraoxybenzoic Metaoxyb(;nzoic 

ton"}?©?! ‘>“265 

All four acids require much longer time for the complete deposition of crystals 
when the solutions are dilate than when they are concentrated. 

Oxidation . — The three monoxybenzoic acids, also protocatechuic acid and gallic 
acid, when subjected to the action of chromic acid mixture, are oxidised, with violent 
reaction, to carbon dioxide (J. Kemsen, Chem. News, xxvii. 213, 277). 

Action of Ammonia . — Salicylic and paraoxybonzoic acids, lieated with dry ammonia, 
give first the ammonium salts, which when healed yield phenol and carbon dioxide. 
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Metaoxybenzoic acid however, when similarly treated, yields oxybenzoni tril. 
according to the equation — 

C‘'H^(OH).CO.ONH« + NH3 = C«H^(OH).ON + 2H*0 + NH*. 

This oxybenzonitril melts at 82®, and is identical with that which Griess obtained 
from the sulphate of diazocyanbenzenc, C®II*(CN)NWSO^ {Ber. v. 669). 

The three isomeric acids show a similar behaviour when distilled with potassium 
thiocyanate, the metaoxybenzoic acid alone yielding the nitril. This method of prepar- 
ing the nitril is, however, loss easy than the former. 

The oxybenzonitril yields, by treatment with sulphuric acid and nitric acid, a 
mononitrated substitution-compound melting at 182®-183°, which when boiled with 
alkalis yields a nitro-oxy benzoic acid (H. .1. Smith, J. pr. Chem. [2], xvi. 218). 

Ortho-oxybenzoio or Salicylic Acid, C^.OH.CO^H.H^. Experiments 
on the action of heat on the normal salicylates, C“H*(OH)CO*M, have been made by 
A. V. d. Volden {J.'pr, Cficm. [2], xv. 161), with the following results. All those 
salts arc decomposed into ba.sic salt, phenol, and carbon dioxide, in accordance with 
the equation established by Kolbe for the sodium-salt, viz. 

2C«H«(0H).C02Na = C«H‘(0Na).C02Na + + CO*; 

the salicylates of the heavy metals however partly yield free salicylic acid, and the 
copper and silver salts are readily doconiposed on account of the easy rediicibility of 
the metals which they contiiin. This rr*action, in the case of the potfissium salt, as 
shown by Ost (p. 286), and likewise in that of the rubidium salt, and at a high tem- 
perature partly in that of the tlnd limn salt, is attended with the conversion of the 
salicylic into paraoxybenzoie acid. The thallium salt is at the same time partly con- 
verted, like the sodium salt at high temperatures (p. 280), into phenoldicarboxylate : 

3C‘«n'(OTl)(CO-Tl) + CO* - C«1P(0H) + 2C«H»(OTl)(CO*-Tl)*. 

Normal Thallium Salicylate^ C®H.X01I).COTl, prepared with the calculated quan- 
tities of salicylic acid and thallium carbonate, is moderately soluble in cold, easily in 
hot water, has a neutral reaction, and separates on cooling from a hot concentrated 
solution in thick anhydrous iicoclles. Tho basic salt, C®H^(OTl).CO*Tl, is precipitated 
in small, nacreous, faintly-ycllowish rhombic plates on mixing a hot solution of tho 
normal salt wdth tho solution of an equivalent quantity of thallium hydroxide. It is 
nearly insoluble in cold, very slightly soluble in hot water. 

Aliminium Salts . — On mixing a solution of normal sodium salicylate with a solution 
of alum, a white crystalline precipitate is formed which is not always of constant 
composition, but appears to consist for the most part of mrnial alnmimim salicylate, 
AP(C*H*0®)*. I5y prolonged stjinding, and especially by boiling with water, salts 
richer in aluminium are formed. 

Normal Ferric Salicylate, Fe*(C^II"0®)®, separates on mixing the normal sodium 
salt with ferric chloride, as browm precipitate, which, together with tho mother- 
liquor, quickly acquires tho deep violet colour produced on bringing free salicylic 
acid ill contact with ferric chloride. After w^ashing, it forms a brown amorphous 
body, which yields a violet solution when boiled with water. 

Dlbromosalicyllo Acid, C®H*llr*(OII).CO*IJ, produced by the action of bromine 
on salicylic acid, forms colourless needles, which dissolve sparingly in water, easily in 
alcohol, and melt at 219°. Its solution is coloured violet by ferric chloride. Neither 
this acid nor monobromosalicylic acid appears to form bimetallic salts (Hiibner, Ber. 
X. 1707). 

Bichlorosalicyllc Acid, C'‘H*CP(OH).CO*H. The modification of this acid, 
produced by passing the calculated quantity of chlorine into a solution of salicylic acid 
in acetic acid, is precipitated therefrom in white flocks on addition of water, and may 
be purified from the monochlorinated acid by conversion into barium salt. It is in- 
soluble in cold, but soluble in boiling water ; dissolves easily in cold alcohol, and 
separates from the solution on spontaneous evaporation in stellate groups of colourless 
needles. It melts at 214°, and sublimes with partial decomposition. Ferric chloride 
produces a fine violet colour in its aqueous solution. Tho barium salt, 
|C*H*Cl*(0H)C0*]*Ba + 3iH*0, is insoluble in water, easily soluble in boiling alcohol, 
and crystallises therefrom in large colourless needles. The potassium salt, 
C®H*Cl*(OH)CO*K, crystallisi's from its concentrated aqueous solution in white 
needles. Tho sodium salt, C®Fr'Cl*(011)C0*Na, forms easily soluble needles; tho 
Tiagnesium salt, [0®n*Cl*(01£)00*]*Mg, very soluble crystals. The lead salt, 
C*H*01*OPbCO*, is a white insoluble precipitate ; so likewise is the silver salt. The 
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copper salt forms sm;ill brown soluble crystals. The ethylic ctJi&r, C®H*Cr‘*(OH)CO'‘'C*H*, 
crystallises from alcohol in needles melting at 47”. and forms a potassium salt, 
C*H‘*Cl'^OK)CO‘C'lP. The acid treated with nitric acid yields a soluble nitro- 
derivative (E. F. Smith, Anicr. Phil. Soc. Proc. xrii. 68). 


XTltrosallcyllo .^olda. Two wMwonitrossilicylic acids, C*H®(N0*)(OH).0O‘^H, 
obtained by direct nitration of salicylic acid, were described by Hiibner in 1874 (Bei\ 
vii. 1320), and distinguished as ortho- and />ara-nitrosalicylic acids, because when 
heated they yielded respectively ortho- and para-nitrophcnol (p. 281). In a subse- 
quent paper {ibid. x. 1697) they are named o- and fi-orthohydroa^ymetanitrobenzoic 
acid, or more shortly a- and fi-nitrosalicylic acid. These two acids may be represented 
by the following formulm, 

CO»H CO“H 


/\oH 

a 


/\oH 


the o-modification being evidently resolvable into CO* and o-nitrophenol, the jS-modifi- 
cation into CO- and yi-nitrophenol. 

o-Nitrosalicylic acid yields a dietliyl-compound (p. 282), convertible by treatment 
with alcoholic ammonia into 


afOrthamdometanitrohenzoic acid^ C®H*.NH*.NO*.COOII, wliich forms very long 
delicate golden-yellow needles, melting at 263°. Its barium salt forms browni sh-yellow 
crystals. The acid is converted by treatment with nitrous acid into a white diazo- 
compound, and this, when treated with alcohol, yields a mefcinitmbcnzoic acid which 
melts at 140°, and is converted by reduction wnth tin and hydrochloric acid into iin 
amido-acid melting at 173*. This. shows that the nitro-groiip in the acid occupies 
the meta-position in relation to the carboxyl -group, as the name implies. 

Together with the foregoing amidonitrobenzoic acid, there is formed an amidCf 
C®HMS’0*.NH*.CONH*, which crystallises in long, colourless, sparingly soluble needles 
melting at 225 '. Solutions of this substance produce a deep-red colour with ferric 
chloride. It form.s colourless compounds with nitric and hydrochloric acids. 

jS-Nitrosalicylic acid, when pure, melts at 131°, not at 145°, as formerly stated. 
^Orthamidomctanitrohenzoic aeidf obtained in the same manner as the a-compound 
(see above), forms long yellow needles melting at 204°, and volatilises easily with 
steam. It is converted by treatment with nitrous acid and alcohol into motanitro- 
benzoic acid melting at 142°, and yielding, by reduction with tin and hydrochloric 
aciil, an amido-acid melting at 174°. The amidCf formed together with the nitro-acid, 
melts at 109°. 

Sulphovic acids . — o-Nitrosalicylic acid is converted by heating with fuming 
sulphuric acid into a sulphonic acid, C®H'-(OH)(NO*)(COOH)SO’’ll, the calcium and 
barium salts of which crystallise in hair-like needles. This acid yields by reduction 
the corresponding amido-acid, C®H'-(01l;(NIP)(S0®H)C00H + H*0. 

o-Metamido.salicylic acid, when liefite<l with fuming sulphuric aci<l, yields colour- 
less needles of the sulphonic acid, C"H’-(01I)(NH*)(SO®1I)COOII + 3H'-0, the calcium 
salt of which crystallises with 5 mols. of water. 

Dinitrosalicylic acid.— The Uvo raorsmitro-salicylic acids above described 
are converted by fuming nitric acid into the same dinitro-salicylic acid, 

C®.CO*H.OH.NO*.H.NO*.H, which crystallises in thick shining prisms and tables 
containing 1 mol. IPO, and becoming turbid on drying. It is but slightly soluble in 
cold water, still less in dilute acids. The aqueous solution is coloured red by ferric 
chloride. The dehydrated acid melts at 173°. The dipotassium salt, 

C®H*(NO*)*OK.CO*K + 11*0, forms dark red needles having a velvety lustre. The 
mmammminm salt, C®H*(NO*)*OTf.CO*NH‘, crystallises from the solution of tho acid 
in concentrated aqueous anumonia in fiery-yelb)W needles. The monoharium salt, 
C“H*(N0*)*0(C0*)Ba+ SII'-'O, formed by neutralising the acid with barium carbonate, 
crystallises in very small soft needles. The monocalcium salt, C®H*(N0*)*0(C0*)Ca + 

1 J(? 2J)H*0, prepared like the barium salt, crystallises in nodular groups of small 
needles, somewhat more soluble than the barium salt. The monoplumhic salt, 
C®H*(N0*)*0(C0*)Pb + 3H*0, is alight yellow precipitate very sparingly soluble in 
water, but moderately soluble in hot dilute acetic acid, from which it crystallises in 
very brilliant light yellow needles. The eihylic ether melts at 99°-100° (H. Behagel 
von Adlerskron, Inaugural dissertation, Gottingen, 1877 ; Per. x. 1700). 

Paraozybenzoic Acid, C®.CO*ir.H.7I.OH.H*. An elaborate investigation 
of the formation, properties, and derivatives of this acid has been made by 0. Hart- 
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niann {J. pr. Chem. [2], xvi. 36). In preparing it from potassium phonatp, it is 
advisable first to heat the latter in contact with the air, or bettor in a stream of 
hydrogen, and then to pass carbon dioxide gradually into it. The product thus ob- 
tained amounts to 80, or, if very pure potassium phenate be used, to 90 per cent, of 
the theoretical amount. If, on the other hand, the carbon dioxide be passed in before 
the potassium phenate is heated, or if tlio retort filled with the gas be suddenly heated 
to 180°, the mass becomes viscid, and the greater part of the potassium phenate is 
prevented from coming in contatrt with the carbon dioxide. On dissolving the product 
in water and adding hydrochloric acid, the paraoxybenzoic acid is precipitated as a 
brown crystalline powder, whicli may bo purified by boiling its aqueous solution with 
hydrochloric acid, or bettor with animal charcoal. The purification may also be 
effected through the medium of the othylic ether. Traces of salicylic acid may be 
removed by crystallisfition from chloroform. 

Paraoxybenzoic acid crystallises well from dilute alcohol. The crystals, according 
to V. Kousch’s investigation, are inonoclinic, with the axial ratio a \ h \ c = 
1-3703 : 1 : 1-10224', and the angle uc--. 106° 26'. 

The following salts wore prepared by neutralising the aqueous acid with the cor- 
responding carbonates. The sodium salt, C’JiI*(OJl)CO'‘‘Na 4-611*0, is obtained by 
crystallisation from a very strong solution at as low a temperature as possible, in 
slightly brown translucent plntes which effloresce with great facility. The potassium 
salt, C*Il^i^OIl)C()^K 4- 311-0, obtained in like manner, is permanent in the air. 'J’he 
ammonium salt crystallises with 1 mol. water ; its solution gives off ammonia on 
evaporation, so that it must bo neutralised before crystallisation, which takes place 
only from very strong s«)]ul,ions and at low temperatures. It forms large, slowly 
efflore.scing prisms an inch in length. The calcium [C'll'(OH)CO'-]'‘'Ca4- 411-0, 
forms slender needles ; the either flat needles with 1 mol. H-0, or well- 

(h'voloped acute rhombohedrons with basjil pinacoid, containing 2H-0. The sironiium 
salt mostly forms slender needles, less frequently moderately large crystals. The 
cadmium salt crystallises from hot concentrated solutions in needles with 4.11-0 ; from 
dilute solutions in granules with 6H-0. The former salt changes into the latter when 
left for some time in the mother-liquor. The zinc salt forms granular crystals con- 
taining 8U‘’0. The ethi/lic ether, C**H^(011)C0”C''H^, melts at 1 16°, also when heated 
under water, in w-hich it dissolves in small quantity at the boiling heat. It is insoluble 
in carbon sulphide, only slightly soluble in chloroform and benzene, but dissolves 
readily in alcohol and ether. 

Paraoxyhenzamide, C®H*(OH)CO.NH- 4 - IPO, produced by heating the ether 
just described with aqueous uminonia at 130°, crystallisc.s from w'atcr in needles, and 
is quickly dehydrated at 100°, slowly over sulphuric acid; dissolves easily in alcohol 
ami in hot w'ater, sparingly in ether and in cold water ; is nc;irly insoluble in chloro- 
form, carbon sulpliidi', uud bcuzeiie ; melts at 162°. It combines both with bases and 
wdtli acids. Miwn-'paraoxyhenzamidc, C'*lI‘*(ONa)CONH-, is thrown down by caustic 
soda from an alcoholic solution of the amide as a white precipitate insoluble in ether ; 
from solution in alcohol it separates in crystals. Dihydrochloridcof Paraoxybenzamide, 
C®HXOH)CONH^.2HCl, formed by passing hydrogen chloride over the amide, is easily 
soluble in water, 

Paraoxyhenzonitril, or Paracyanphcnol, C®.CN.H.H.(OH).IP, formed from 
the amide, or better from the ammonia salt by rapid distillation with phosphorus 
pentoxide, cryst allises from hot water*.in beautifully iridescent himinceof the thickness 
of a sheet of paper ; by slower formation in tablets, which according to v. Rciisch are 
orthorhombic, exhibiting the combination ooP . P . Ol*. Anglo ooP : <xP = 81°4'; 
OP : P~ 74° 12. Hcnco a \ b \ c*~ 0-855 1 : 1 : 2-308. Plane of optic axes ac', first 
median lino e. Dispersion very remarkable p>v. Angle of optic axes for rod light 
about 49° in air. The crystals are optically negative. The nitril dissolves sparingly 
in cold, more freely in hot water, easily in alcohol, ether, and chloroform ; it has 
a sweet biste, with burning after-taste. Soda-loy added to its ethereal solution 
throws down the sodium-compound, C''HXONa)CN (dried at 100°), which crystollises 
from alcohol as well as from water, in the latter case with water of crystallisation. 

On Dinitromethylparax)xyhenzoic Vinitranisic acid, see Salkowsky a. Rudolph, 

(p. 287). 

Aldehydo-oxyliensolo AoiJSi C®H.*0^-=C*H*(C0H)(0H)(C00H). 
•Reimer a. Tiemann in 1876 obtained ortho- and para-aldchydo-salicylic and ortho- 
aldehydo-paraoxybenzoic acids, by the action of chloroform on o- and jE)-oxybeiizoic 
acids in alkaline solution (p. 288), and the following additional details respecting these 
acids are given by the same authors in a subsequent communication {Bcr, x. 1576). 
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The host yield is obtained by dissolving 30 grams of salicylic (or paraoxybenzoic) acid 
in 100 C.C. of caustic soda-solution of sp. gr. 1*36 (containing about 4t3 grams of 
sodium hydroxide), and cohobating with o-lO gmms of chloroform, further quantities 
of the last substance being from time to time added (20-25 grams in half an hour). 
When a little chloroform condenses and drops back, more caustic soda-solution is 
added, so that in the course of 4 to 5 hours about 150 c.c. of the soda-solution and 
45-46 grains of chloroform have been used altogether : no appreciable increase in the 
yield is noticed after this stage. 

The result iijg deop-rod liquid is cautiously neutralised with hydrochloric acid, 
whereby a dark resinous decomposition-pnKiuct is throwm down ; the tiltrate is strongly 
acidulated with hydrochloric acid, and the resulting liqniil (containing in suspension a 
W’hite precipitate) is agitated with ether ; the concentrated ethereal extract is then 
shaken with 100 c.c. of solution of sodium-hydrogen sulphite of sp. gr. 1’35, diluted 
with 40-50 c.c. of water, which quantity suffices to take up all the aldehydo-bodies 
found. Ily means of sulphuric acid and steam (40 grams concentrated aeid diluted 
with 40 c.e. of water) the sulphite compounds are decomposed, t he whole being thrown 
on a filter after ctniling to 60°. If paraoxybenzoic acid is used in the first instance, 
ortho~aldfhydo-'par(!UKvyheii::(HC acid remains on the filter, a little more of this acid 
being contained in the filtrate, together with a little aldehyde . ; the yield 

of the aldehydo-acid is about 20 per cent, of the paraoxybenzoic acid employed. If 
salic^’lic acid was originally employed, para -aldehydo-mluy lie acid remains on the 
filter, the filtrate containing small quuntitie.s of the same, together with ortho-aldchydo- 
salicylic acid. Salicylic aldehyde is also produced in small (luantity when the soda- 
solution originally used was more dilute than that recommended, and especially if the 
mixture was not heated to a higher temperature than the boiling point of chloroform, 
a large quantity of that substance being added at first : this product is easily isolated 
by distillation with steam, the quantity not exceeding 1 or 2 per cent, of the salicylic 
acitl used: it is possibly formeil by the splitting up of the salicylic aeid into phenol 
and carbon dioxide, the fornuT being then aldehydated ; or it may be produced by the 
decomposition of the ortho-aldehydosalicylic acid ; or, again, and more probably, it 
may result from a direct exchange of carliixyl for aldyl (the group COH characteristic 
of aldehydes). 

To separate the ortho- and para-aldchydo-salicylie acids, the method formerly 
described (methodical crystallisation) does not suffice, traces of the para-acid being 
always retained by the ortho-acid thus prepared. 1’he following process answers 
well: — The solution of the mixed acids is shaken with ether, the ethereal extract 
evaporated, and the residue dissolved in considerably diluted ammonia-liquor : copper 
sulphate solution is then added, and sufficient ammonia to dissolve a portion of the 
precipitate with a blue colour ; the whole is then heated to boiling, when almost the 
whole «jf the ortho-acid separates as a basic copper salt of a bright green colour, con- 
taining when dried at 100°, 

acid, this salt yields pure ortho-aklehydo-salicylic acid, crystallising from water in 
fine interlaced needles resembling salicylic acid, and inciting at 179"* when perfectly 
pure (166° was given as the melting point in a former paper) : by careful heating it 
can be sublimed unchanged, but if quickly heated to 220° in the fused state, it splits 
up into carbon dioxide and salicylic aldehyde : when crystallised it is rcjpresented by 
the formula ; the crystals bcconfiug anhydrous at 100°. Alcoholic 

solutions of the acid exhibit a faint bluish-violet fluorescence; in caustic soda it 
dissolves with a yellow colour. Ferric chloride strikes a red tint, and sodium carbon- 
ate dissolves the acid with ofifervescence. 

Two classes of salts are formed by each one of the three aldchydo-acids, viz., 
normal salts, and basic salts in which the phenolic hydrogen is also replaced ; the 
points at which the normal salts are formed with alkalis and the two salicylic deriva- 
tives are easily determined by means of litmus, a red coloration being given to the 
litmus as long as the amount'of alkali added is less than that requisite to form the 
normal salt, and a blue with the slightc-st excess : with the paraoxybenzoic derivative, 
however, the point of neutrality cannot he thus determined, as the litmus becomes 
green l^efore the amount of alkali requisite to form the neutral salt is added ; further 
addition of alkali deepens the green, hut there is no characteristic colour change 
marking the point of neutrality. The alkali-salts of all these acids are very soluble, 
and crystiilliso only from extremely concentrated solutions ; the normal salts of the 
two salicylic derivatives are colourless by transmitted light, appearing to pos.sess a 
green fluorescence with reflected light ; traces of excess of alkali give a yellow color- 
ation. The neutral and ammonijical solutions (concentration about 1 ; 50) exhibit the 
reactions given in the following table : 


0 : on treatment with dilute hydrochloric 

\C()H 
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Aqueous solutions of the tliroc aldeliytlo-oxy-acMs likeAvise give slight wliitc precipitates with lead acetate. 
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Orfcho-aldehvdo-salicylic acid dissolves in 1500-1600 pts.of water at 23®-25®, and 
in 15-16 pts. at 100°; para-aldehydo-salicylic’acid in 2600-2700 pts. at* 26°, and in 
146-160 pts. at 100° ; ortho-aldehydo-paraoxy benzoic acid is slightly more soluble in 
cold water than the latter. 

. By fusion, with potash, these three aldohydo-acids are readily converted into 
phenol-dicarboxylic acids, C®H“(OII)(COOIl)=. 

1 2 4 

C’.OH.COOH.H.COH.IP 
rara-ftldehydo-salicylic acid. 

and C‘».OH.COH.E.GOOn.H5 
Orthaldeliydo-paraoxy- 
bciizoic acid. 

1 12 
and C*. On.COOH.H.H.H.COH yielding C‘ OH.COOU.II.H.H.COOfl 

Ortho.aldchyflo.saliL>ylio acid 

See PnENOL-CAHBOXYLlC ACIDS. 

Reduotion of Al d ehy do-ox y hens oic Acids to Alcoholic Acids (Reimer, 
Ber, ix. 790). — This transformation ivS effected by treating the aldehyilo-acids with 
sodium-amalgam: 1 pb. of the* aldoliydo-acid is suspended in about 10 pts. of wati'r, 
and treated gradually with 50 pts. of 3 per cent, sodium-amalgam. The reduction of 
the aldehyde under these circumstances is nearly complete, but resinous products are 
invariably formed at the same time. Hydrochloric acid is then added in slight excess, 
and the alcoholic acid, mixed wdth resin, is oxtractod by agibition with ether. The 
separation of the ro.sin is effected, cither by dissolving the mixture in ammonia, 
adding barium chluriilo, and leaving the solution for some weeks, w’hcn the resin 
separates completely ill combination with barium; or by acidifying the amnioniacal 
solution with liydrochloric acid, quickly filtering off the resin mixed with some acid, 
and allowing the rest of the acid to separate stxintaneously. 

Paraoxymethyl-salicylic and, C‘’n^(OH)(C001I)(CH*OH) = (l : 2 : 4), from para- 
aldehydosalicylic acid, crystallises from ctlicr in long prisms containing 1 mol. water 
of crystallisation. It is sparingly soluble in water, more so in alcohol and ether. It 
decomposes at 16b°, and is resinised hy warm mineral acids. Permanganate solution 
converts this acid in the cold into o-oxyisophthalic acid ; when heated with potassium 
dichromate it is oxidised to para-aldohydosalicylic acid. 

Ortho-ox7jmethylsaik'ylic acid, C®H*(OH)(COOII)(CH“OIl) = (I : 2 .* 6), is pre- 
cipitated as an oil, which solidifies to crystals, melting at 142°. A solution of this 
acid in water, especially in presence of free mineral acid, is resinised by heat. An 
ammoniacal solution of it, heated w’itli potassic dicliromate, gives again the corre- 
sponding aldehydo-acid. 

Ortho-oxymcthyloxydracylk acid (saligeninparacarbonsaiire) : 

C«IP(OH)(COOH)(Cir-OII) = (1:4: 6), 

obtained by reduction of ortho-alddiydo-oxydracylic aci«l, is much more stable than 
its isomcrides, and does not melt at 270°. It is not coloured either by sulphuric acid 
or by ferric chloride. With the latter reagent its isomerides, mentioned above, give 
intense violet colours. 

OXTBfiirZOZC AZiDSRTDBS or OfKTBBBZAXiBBRYDBS, « 

OH.C®H^COH. Two of these compounds, viz. salicyl-aldehydo, [OH : COH* 

1 : 2], and paraoxybonzaldehyde, [1 : 4], produced simultaneously by the action 
of chloroform on a strongly alkaline solution of phenol, have already been described 
(p. 303). According to T. L. Phipson (Compt. rend. Ixxxiv. 1034), when salicylic 
acid (1 gram) is heated wdth water (30-40 g.) and fuming nitric acid (6 c.c.) there is 
formed, together with nitro-salicylic acid, a very considerable quantity of salicyl- 
aldehyde due to the action of nitrous acid], w'hich may be separated from the red 
liquid, after the nitrosalicylic acid ha.s crystallised out, by agitation with ether 
Salicylaldehyde is also formed, together with nitrosalicylic acid, when salicylic acid is 
heated with a solution of potassium nitrite. 

On the conversion of Salicylaldehyde into Coumaric Add and Cmiymrin^ see 
pp. 674, 675. 

Paraoxyhemaldehyde, C®.COI{.H.H.On.lP. — The following derivatives of 
this compound have been prepared ami examined by Herzfold {Ber. x. 1267, 2196) : 

Chloroparaoxybemaldehyde, C*n*Cl(OH)(COH), is formed in theoretical quantity 
by passing chlorine gas over the dry oxyaldehyde, and crystallises in long silky 
needles, which melt at 148°-149°, and are freely soluble in water, alcohol, and other. 


12 4 

yielding C®.OH.COOH.H.COOH.H» 

a-Phcnol-ilicarbo.vylic acid. 
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With the alkalis it forms salts, which crystallise in long needles, and are soluble in 
water. It absorbs ammonia in the proportion of 1 : 2 mols., and differs in this respect 
from paraoxybenzaldehyde, 1 mol. of which unites with 1 mol. of NH*. The compound 
thus formed crystallises from absolute alcohol in beautiful needles. The aqueous 
solutions of paraoxybenzaldehyde and of its chlorine-compound giA’^e a violet reaction 
with ferric chloride. 

The corresponding hromim‘Com 2 >ouvd, C®fI*Br.OH.COH (m. p. 179°), is formed 
when the dilute alcoholic solution of paraoxybenzaldehyde is allowed to absorb bromine 
vapour. It resembles, in all respects, both the latter compound and its chlorine- 
derivative, with tho exception that its aqueous solution is not coloured by ferric 
chloride. 

The iodine-compound, C*H'*I.01T.C0H (m. p. 108°), is formed by heating tho 
dilute alcoholic solution of pariioxybonzaldehyde with iodine for some hours. By the 
action of potassium hydrate at a high temperature (160°-170°) upon this body, it is 
converted into protocatechuic acid. 

Nitmparnoxyhensaldehjfde, C®H-‘On(NO*)COIT, is formed by dropping strone nitric 
acid into a mixture of 3 pis. of paraoxybenzaldehyde with 20 pts. of strong sulphuric 
acid. On diluting with water it is deposited as a golden-yellow mass, which crystal- 
lises in yellow needles from its aqueous solution. It molts at 139°-1 40°, dissolves 
easily in alcohol and ])enzone, sparingly in ether and chloroform, sublimes entirely on 
hctiting, and vol.itilis(?s with steam. It forms a crystalline, sparingly soluble com- 
pounil with acid sodium sulphite, and produces a transient reddish coloration with 
ferric chloride. 

Paraoxybenzaldehyde absorbs 13-46 per cent. (= 1 mol.) of dry ammonia gas, 
forming with it an oily body, which, on exposure to air, gradually gives off ammonia, 
and leaves tho unaltered aldehyde. 

•Salicylic ahlehyde likewise absorbs 1 mol. of ammonia, forming a compound which 
i.s resolved by beat into water, ammonia, and hydrosalicylamide. 

Paraoxybenzaldehyde in ethereal solution rcjicts with aniline to form a pale-yellow 
crystallino body, Avhich melts at 190°-191°, and dissolves easily in alcohol and ether, 
sparingly in boiizcno and chh)r()form. Prom the analysis of the body it appears to bo 
formed by the following reaction : 

CaiW + CMPN = C>»Il»NO + H^O. 

Paraoxybenzaldehyde also unites wdth paratoluidino, with elimination of wator, 
according to tho equation : 

Cnr«02 + CMl«N = Cd*N*’NO + H=0. 

Tho product of (he reaction is an orangc-colourcd body, which crystallises from its 
alcoholic solution in fnur-sidcd plates, melting at 213°. The inverse reaction is 
determined by boiling the compound with dilute acids or alkalis. 

Puraoryhcmf/l nJcohol, C“H‘(01I)CIT'-01T, is formed by the action of sodium- 
aniiilgam on parMoxybeiizaldohydo. It is a solid crystalline substance, molting at 
197’r)°, soluble ill wator, alcohol, and other, and sparingly in benzene and chloroform. 
It gives a transient blue coloration with ferric chloride, and is coloured brown by 
strong sulphuric adid. 

Hydroparaoxyheuzdin, is produced on treating with sodium-amalgam a 

mixture of paraoxybenzaldehyde with more than 10 pts. of water. It is throAvn down, 
on neutralising the liquid, as a whito Vrystalline substance, melting at 222°, easily 
soluble in boiling water, less ejisily in alcohol, benzene, and chloroform. 

OXYBSirZOTRZSUl^FHOXXC ACZB, = C«H(OH)(S()»U)>COOH. 

Trimlphoxyhenzoic acid. This acid is prepared by heating a solution of 10 grams of 
benzoic acid in 20 grams of sulphuric acid, with 15 grams of phosphorus pentoxide 
and 20 grams of sulphur trioxide in sealed tubes at 250° for five hours. Tho contents 
of the tubes are boiled with water to expel sulphur dioxide, and the sulphuric and 
phosphoric acids are removed by tho addition of calcium carbonate. To obtain the 
free acid, basic acetate of lead is added to the filtrate, and the precipitated lead salt 
decomposed by sulphuret ted hydrogen. 

Trisulpho-oxybenzoic acid is a yellow syrupy hygroscopic liquid, AA-hich, after 
drying at 100°, has the composition C'H®S*0*- + 4IPO. Both the acid and its salts 
produce, with a drop of ferric chloride, an intense carmine coloration, which disappears 
on the addition of sodium carbonate. 

Tho basic lead salt, (G’IlS®0*‘‘)-Tb» + 61PO, forms white opaque needle-shaped 
crystals, which lose their water of crystallisation at 235°. By the partial de- 
composition of this compound with sulphuretted hydrogen the normal lead salt, 
C^H*S*0**Pb* + 8H*0, is obtained. Basic potassium trMpluH)xyhemoate, 
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C’HS*0**K* + 2H?0, crystallises in monoclinic prisms ; the normal salt, 0’ir‘*S*0*’‘*K^ + 
2H^O, Separates out on addition of alcohol to trisulpho-oxybenzoic acid which has 
been nearly neutralised with potassium carbonate. 

The barium salt, is decomposed by long- continued heating at 100'’, 

or by boiling with barium carbonate, barium sulphate and barium disulpho-oxy- 
benzoate, (C^H*S®0®)®Ba* + 8H*0,« being formed in the latter case. 

Trisulpho-oxybenzoic acid appears to be completely destroyed by fusion with 
potash, as only traces of pyrogallic and oxalic aciils could be detected in the fused 
product. Attempts to replace the hydrogen in this acid by bromine were unsuccessful, 
the acid splitting up into monobromodisulpho- and dibrornomoiiosulpho-bcnzoic acids 
(Kretschy, Beftia. 858). 

OXTBBirzn AXiCOBOXi, CaiW=C«H<OH.CIPOII[OH : CH20H = 1 : 31. 
benzyl Glycol (A. v. d. Vclden, J. pr, Chem. [2], xv. 151). — This alcohol is formed, 
together with other products, by the action of sodiuin-anialgam on inetaoxybenzoic 
acid in acid solution ; in alkaline solution no reduction takes place. To prepare it 
oxybenzoic acid in moderate quantity is covered with water in a flat-bottomed flask, 
and about five times its quantity of 4 per cent. stMlium-amalgam is gradually added, 
care being taken that the temperature of the mixture does not rise abovo 60°. When 
the action is over, the product is shaken up with ether, the residue left after evapora- 
tion of the ether is treated with water and calcium carbonate, ami the filtered liquid is 
again exhausted witli ether. The pure alcohol freed from the solvent by spontaneous 
evaporation, and left in a vacuum over sulphuric acid, solidifies gradually to a white 
crystalline mass. It melts at 67° ; boils, with partial dccompo.sition, at about 300° ; 
dissolves slowly in cold, easily in hot winter, easily also in alcohol and ether, sparingly 
in chloroform. With oxidisuuf ayents (chromic acid, nitric acid, permanganate), it 
does not yield any definite products of oxidation ; melting potash converts it into 
wicz'fl-oxy ben zoic acid (m. p. 200°); alcoholic potash does not act upon it ; neither is 
it attacked by potassium or sodium. 

Oxybenzyl Acetates, — The normal ether, C®FrWI.CIP.OCWO, is obtained by 
the action of glacial acetic acid and sulphuric acid on oxybenzyl alcohol, as an oil 
which solidifies on drying to a radiate yellow mass. It has a plcas.ant aromatic odour, 
melts at 55°, and boils with partial decomposition .at 295°-302°. It is insoluble in 
water, but di.ssolves readily in alcohol and ether, and, like the alcohol, gives a violet- 
blue coloration with ferric chloride. 

The acid acetate, C®H ‘(OC‘*TPO).CH^.OC“II*0, is obtained by heating the alcohol 
to 160° with excess of acetic anhydride, as a liquid which solidifies at “18°. It has 
a pungent odour, boils at about 290'’, is insoluble in w.ater, but dissolves in .alcohol 
and ether. 

Para- oxybenzyl alcohol, [OH : CH*OII=l : 4], formed by the .action of 
sodiura-amalg^im on p.'iraoxybenzaldehyde, is a solid body, melting .at 197*5°, soluble 
in water, alcohol, and ether, sparingly soluble in benzene .and chloroform; gives a 
riolet-bluo colour with ferric cljloride. 

OZYBVTTRZC AGZBS, = C*H®(OH).COHI. The 7iormal acid, 

CH''OH.CH'‘*.CH*.COOH, is formed by heating succinic aldehyde with water and lime 
or baryta : 

^ COH.CIP.CH*C01I + IPO = Cn^^On.CIP.CH-'.COOH. 

It is crystalline ; forms deliquescent calcium and barium salts ; is converted by oxida- 
tion into succinic acid (A. SaytzelF, Tier. vi. 1255). 

On a- Oxyhutyric Acid, see p. 364. 

fi~Oxybutyric Acid, CIP.CH(OH).CJP.COOH (vi. 891), is formed by oxidation 
of aldol, CIP.CH.(OH).CH'‘*.CIIO, with moist silver oxide. Its zinc salt is easily 
soluble in water and in alcohol, and crystallises indistinctly ; its barium salt also dis- 
solves easily in water and in alcohol, but is uncrystalli sable, and is precipitated by 
ether from its alcoholic solution in flocks ; the sodium salt crystallises from solution 
in alcohol (W’urtz, Compt. rend. Ixxvi. 1 165). The same .acid is formed by saponifica- 
tion of the ethyl salt of the chlorobutyric acid obtained by passing chlorine into 
fermentation butyric acid (Balbiano, Gazz. chim. ital. 1878, 90).* 

a~0:^i8obutyric acid, (ClP)*COH.COOH, originally produced by the .action of 
moist silver oxide on bromisobutyricacid, and by that of hydrocyanic and hydrochloric 
acid on acetone (vi. 891), is also formed by the action of the same acids on propionic 
aldehyde (p. 364), and by boiling a solution of i8-oxyisopyrotartaric acid neutralised 
with baryta- w.ater (Lemar^ay, Compt. rend. Ixxxii. 1337) : 

CH'cS'^'^COOH + = (CH«)»C(011).COOH + CO*. 
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It appears also to bo contained in the mother-liquors of the preparation of jS-isopyro- 
tartaric or dimethylmalonic acid (p. 1259). 

OXTCAMPHZC AGZD, See Oamfuic Acid (p. 372). 

OXTCAMPBOROirZO AOZB, (vii. 238). On the crystalline form 

of this acid, see V. v. Zepharovich {Wien. Akad. Ber, Ixxiii. 1 Abth ; Zeitschr, Kryst. 
i. 220; Jahresb.f. Ciiem. 1877i 610). 

OXVCAPROZC ACZBf An acid of this composition, probably 

OIl*.CH“.CH'“.CH‘‘*.CHOH.COOH, obtained by oxidation of fermentation caproic acid, 
crystallises in lamin® melting at 57°. Its silver, zinc, cadmium, and barium salts 
are very slightly soluble, and are deposited from their solutions in the amorphous 
state. By oxidation, it yields carbon dioxide, a valeric acid, and an aldehyde (N. Ley, 
Bw » X. 230). See also Lrucic Acid (p. 1179). 

OXTCARBAirzXif CO=N.G‘‘H^OH, is formed, together with alcohol, by heat- 
ing metaoxyphenylurcthane to 200® : 

0«H^OH.NH.CO.OC-’Hs = C^ffOH + C«HXOH).N=CO. 


It crystallises from water in needles having a faint red colour ; melts at 136°-138® ; 
dissolves more freely in alcohol than in ether, easily in alkaline liquids ; the solution 
in potash blackens when boiled. The compound is not attacked by ammonia or 
hydrochloric acid. The eilver salt, CO“N.C®IP.OAg, is a precipitate resembling 
silver chloride. Oxycarbanil "is not attacked by gaseous or alcoholic ammonia, but 
when heated to 160° with aqueous ammonia it is decomposed, with formation of 
amidophenol (Groenock, Ber. ix. 1554). 


OXYCKOZiSSTRirXC or OXirCROZ.SSTBRZC ACZB, A 

monobasic acid fornicd, together with cholestenic acid, also monobasic, and 

dioxycholes tonic acid, bibasic, by oxidation of cholcsterin with permanganate (p. 466). 


oxTCHRTSAzzN, = cm\oEyo‘\ 

(p. 113). 

OXTCXirCHOMSROirXC ACZB, 
OXTCZXrCBONZRE, 


See Anthraquinones (Trioxy-), 
’ I See Cinchonine (p. 483). 


OXYCZTRACORXC ACXB, See Citric Acids (Fyro-), (p. 515). 

OXYCXTRXC ACXB, C‘'H”0^ See Citric Acid (p. 510). 

OXYCOBOPBTBABXRT, C"H'’0. A product of oxidation of colophthalin, 
C"H’®, a hydrocarbon found by F. Curie (Chem. News, xxx. 189) among the products 
of the dry distillation of colophony. 

>CHi:zCH— CO 

OXYCOUMARXB, C®lI®0=*=^C®H*(01f)^ | . Tho acetyl-derivative 

.CHmCH-^^CO 

of this compound, C®H’(OC=H*0)^ | , is formed on heating resorcyl- 

\ 0 

aldehyde, C“II*(OII)=COIf, with 1 pt. sodium acetate and 3 to 5 pts. acetic anhydride. 
It crystallises from water in large faintly yellow prisms melting at 140°; distils 
undecorn posed ; dissolves but sparingly in water even when hot, easily in alcohol and 
in ether. The aqueous solution exhibits a splendid blue fluorescence, but does not 
give any colour-reaction with ferric chloride. It is not attacked by alkalis or alkaline 
carbonates in the cold, but dissolves when heated, forming a solution from which ether 
extracts oxycoumarin. This substance, after purification, crystallises in small 
white needles, which dissolve in water (the solution is coloured brown-red by ferric 
chloride), and decompose without melting at 200®. 

Oxycoumarin and its acetyl-derivative have the same composition as ^-umbellifoTOne 
and i3-acetyl-umbolliferone ; but whether they are identical with these latter is a 
point not yet determined (Tioiiiann a. Lowy, Ber, x. 2210). 

OXYBZBBNZYBSUXiPBOirZC ACZB, Ci<H‘®(OH)(SO®H), is obtained by 
fusing potassium dibenzyl sulphonato (p. 322) with potash, and precipitating the solu- 
tion of the melt with hydrochloric acid (Kad ), Ber, vi. 953). 

OXY-BZZMZBO-BXAMZBO-BZZSATXXO', C>«JI"(NH)2(NH2)*N20». See 
ISATIN (p. 1125). 

OXYF&UORESCBliRr and OXYGABBSiEN. See Oxyfhthalic Acid under 
Phthalic Acids. 
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OaCTOBMT. On the Molecular Relations of Oxygen, see Oases (p. 848). On its 
Diffusion Relations (pp. 848, 850). Transpiriition and Friction-coefficient (pp. 851, 
852). Compressibility and Deviation from the Boyle-Mariotto Law (p. 866). Lique- 
faction and Solidification (p. 857). 

On the influence of the position of the Oxygen-atom on the Boiling Point of 
Oxygenated Carbon-compounds, see Hkat (p. 945). 

On the Heat of Combination of Oxygen with other Elements, see Heat (pp. 952- 
961). 

On the quantities of Oxygen consumed in the Imperfect Combustion of Gases and 
Gaseous Mixtures, see Chkmical Action (pp. 430-436). 

Occurrence in the Sun. — The presence of oxygen in the sun has boon discovered by 
H. Draper (Sill. Am. J. [3], xiv. 89), by the appearance of bright lines in the solar 
spectrum coinciding with thoso of incandescent oxygen. Tho brightness of these linos 
is attributed by Draper to tho very groat thicknc.ss of tho incandescent gas-stratum of 
the sun, which may reverse tho oifcct of tho pliotosphoro. J. C. Draper, on the other 
liand xvi. 256), has shown, by means of a diffractioii-spoctruin, that tlie solar 
spectrum contains numerous very tine dark lines coinciding until tho bright lines of 
the oxygen spectrum and extending to tho ultra-violet. 

Preparaflm. — In preparing oxygen from potassium chlorate, it is advantageous, 
according to J. Lowe (Dingl. pol. J. ccxiii. 533), to mix the chlorate with about an 
equal woiirht of recently ignited ferric oxide (Caput mortimm) instead of cupric oxide 
or manganese dioxide. Previous fusion of the chlorate is also to be recommended. 

On the preparation of Oxygen, see also S. Zinno (Cham. News, xxxvi. 168). 

On the Evolution and Absorption of Oxygen by Plants, see Plants. 

On tho Relative Affinities of Oxygen and Sulphur for Metals, see Siilphuk. 

Reaction with Sodium Hyposulphite and with Cuprous Oxide. — When a solution of 
sodium hyposulphite, Na-SO-, is a<ldcd to aeratt>d water tinted with indigo, tho indigo 
is decolorised when a quantity of tho liquid luw been added sufficient to consume just 
half the oxygen present. Tho liquid thus decolorised boeomes blue again under tho 
influence of the slightest trace of free oxygen, and the gasos extracted from it by 
ebullition or by the mercurial pump consist of nitrogen and carbon dioxide without 
appreciable traces of oxygen. 

If an excess of a colourless solution of ammoniacal cuprous chloride is added to 
aerated water, the liquid becomes blue, and on titrating by moans of hyposulphite tho 
cupric oxide which has been formed, its amount is found to bo equivalent to half that 
of the dissolved oxygen. Certain reducing agents, notably sodiiiiri hyposulphite and 
ammoniacal cuprous chloride in presence of oxygen dissolved in water, divide the 
oxygen into two equal parts, one of which acts upon the reducing agent itself, the 
other remaining di.sguisod in the liquid. The oxygon which thus disappears probably 
unites with tho water, forming hydrogen peroxide. It becomes free again on heating 
the liquid. Stannite of sodium, however, removes the whole of tho ( I is.solved oxygen 
(Schiitzenberger a. Risler, Compt. rend. Ixxvi. 1214). 

Estimation. — On tho estimation of Free Oxygen in Water and in Blood by 
means of tho Hyposulphite reaction above described, seo Bj,ood (vii. 200); also Chem. 
Soc, J. 1873, 936. Remarks thereon by Konig a. Mutschler (Ber. x. 2017 ; Jahresb. 
/. Chem. 1877, 1036). 

On the estimation of Oxygon in Water, sop also Endomann (Amer. Chem. v. 9), 
and H. Wurtz (ibid. 10); also Jahresb. f. Chem. 1874, 963 ; further, Amer. Chem. v. 
237, 364. 

On the estimation of the total amount of Oxygon in Commercial Copper, see 
COPPBB (p. 561). 

On the direct estimation of Oxygen in Organic Compounds, see Oboanic Analysis 
(p. 1446). 

OXTB.EMOOXiOBZir. From recent experiments by Hoppe-Seyler (Zeitschr. 
physiol. Chem. i. 396), it appears that this substance, when treated in aqueous solution 
with palladium-hydrogen, in a vessel from which tho air is excluded, is complotoly 
converted into methmmoglobin. This latter must therefore contain less oxygen than 
oxy haemoglobin and cannot be a peroxyhaemoglobin, as supposed by Jaderholm 
(p. 920). Methaemoglobin is converted by putrefaction, in the absence of oxygen, 
into haemoglobin, which by cautious treatment may be converted into oxyhaemoglobin, 
and more readily into carbonyl-haemoglobin. 

OBTBBPTZC ACZD, CHD^’O^ Sec Heptic Acid (p. 1020). 

OBTBBPTOZC ACZB, See (Enantuylic Acid (p. 1427). 

OBTZBOBVTTBZC ACID. Sen Oxyduttric Acids (p. 1468). 
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OXTZBOBZNAPBTHTXiy Seo Naphthyl-compounds. 

OXnSOZilSPZBZir, C“H««02. See Lbpidin (p. 1177). 

OXTZSOFHTBAXiZC ACZD. See Ohyfhthaltc Agio, under Phthalic Acids. 

OBTZSOB’Z'XiSBZS QUZBOBZ:. See Xylene quinonbs. . 

OXTXTACOirXC ACID,C‘H‘0‘=nO.HC=C<;pg’go,j£. An add produced, 

together with formic acid, by the action of boiling baryta-water on aconic acid 
(vii. 22). 

OBTBBTOBZSS. The introduction of an acid radicle into the hydroxyl-group 
of phenol gives rise to a body which is capable of reacting further with an acid 
chloride to form the ether of an oxyketono. Thus, for instance, the introduction of 
the benzoyl-radicle into phenol produces phenyl benzoate, and this substance reacts 
with benzoyl chloride and zinc chloride in such a manner as to form benzoyl-phenyl 
benzoate, C*II*.CO.O.C''H^CO(C“H*) (Doebner, Bcr. x. 1968). 

In like manner, the action of zinc chloride on a mixture of benzoyl chloride and 
resorcinol produces two benzoresorciuols, C‘*H*.CO,C*H®(OIl)‘‘' and (C“H*.GOy‘*C®II‘‘*( Oil)®, 
which, by the further action of benzoyl chloride, are converted into dibenzoates 
(Doebner a. Stackmann, Her. xi. 2268). See Kesoucinol. 

OXYZiSPZDZlirS, and See Lkpidin (pp. 1173, 1176). 

OTYZiZSUCATZN'. A constituent of Goto bark (p. 574). 

OXYMAZ.SZG ACZD. Syn. with Ilydroxymaleic acid, G«H»(0H)0*. See 
Maleic Acid (p. 1250). 

OXYMAZiOBZC ACZD. Syn. with Hydroxymalonic acid, G®H’(0H)0®. See 
Malonic Acid (p. 1260). 

OXYMESITYZiBZrZC ACZD, G®H*®0*, appears to bo formed, together with 
mesirol (p. 1282), by fusing pobissium mositylenesulphonate with potassium hydroxide 
(Biederniaun a. Ledoux, Bt r, viii. 57). 

OXYMBTHABBSVDPBOlSrZC ACZD, GIDS04= Gn®(0H).80®H. Methyl- 
isHhionic acid (Max Muller, Ber. vi. 1031). This acid, mctamcric with methylsulphuric 
acid, (GH®)DSO* or S()'(0C1P)(()11), is obtained by distilling sulphuric anhydride 
(2 mol.) into a well-cooled mixture of methyl alcohol (1 niol.) with a large quantity of 
concentrated sulphuric acid. The resulting liquid is diluted .with water, boiled for some 
hours and neutralised with load carbonate, the lead is removed by hydrogen sulphide, 
and then liltored, and the filtrate neutralised with potassium carbonate. By repeated 
crystallisation, the pure potassiiwi salt is obtained in large anhydrous orthorhombic 
crystals moderately soluble in winter, insolublo in alcohol. The barium salt forms 
small limpid plates ; the ammonium salt, small easily soluble needles. The free acid, 
as W'oll as its salts, is very stable, nob being decomposed by boiling with water or with 
concentrated acids. 

Oxymethanedisulphonic acid, CH(OH)(SO*IJ)®, is formed by passing the 
vapour of sulphuric anhydride into pure methyl alcohol. The action is very violent, the 
liquid blackening and giving oflF sulphur dioxide, even when it is well cooled with a freez- 
ing mixture. When the liquid in the receiver is so far supersaturated with sulphuric 
anhydride as to give oif thick fumes, it is to be treated in the manner above described 
for the preparation of oxymeth:»nomoi|psttlphonic acid. The product is a dark-coloured 
potassium salt, which may bo freed frohi colouring matters by digestion with boiling 
alcohol of 40 per cent, and obtained by crystallisation from hot water in concentric 
groups of needles. The barium salt is produced by mixing a dilute solution (1 : 80) 
of the potassium salt with barium chloride, and separates after a while in small well- 
formed needles. Both the acid and its salts are as stable as the oxymethanemono- 
sulphonatcs. The disulphonic acid may also bo prepared by heating potassium 
oxymothanemcnosulphonate for four or five hours with fuming sulphuric acid. 

Oxymethanetrisulphonic acid, G(OH)(SO®II)*. Methyl-alkohdtrisulfosdure 
(Albrecht, Liebiy's Annalen, clxi. 129). The potassium salt of this acid is obtained by 
dropping bromine into a w’arm solution of potassium methylraorcaptan-trisulphonate 
till the liquid exhibits a faint yellowish colour : 

GSH(S0»K)® + 8Br q- 5IFO = 8UBr + H®SO» ^ COH(SO*K)*. 

The salt then separates in beautiful needles, which, after rLHjrystallisation and drying, 
have the composition G01I(SO*K)® + H®(). By slow crystallisation it is obtain^ in 
fine monoclinic strongly refracting prisms. It dissolves in 81 pts. of water at 21°. 
The^ee? acid, obtained by precipitating the solution of the potassium salt with basic 
lead acetate, and decomposing the precipitate with hydrogen sulphide, dries up on 
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evaporation in a vacuum to a deliquescent crystalline mass. It does not give any 
colour-reaction with ferric chloride. The ammmium salt, COH(SO®NH*)*, prepared 
by neutralisation, forms thin tabular anhydrous crystals immediately soluble in water. 
The barium salt^ [C0H(S0*)*]®Ba* + 8H-0, is precipitated by barium chloride from a 
hot aqueous solution of the potassium salt in nacreous laminae, dissolves in a very 
large quantity of water, and crystallises therefrom in smail shining needles. The cop~ 
per salt is less characteristic. A basic 'imreuric salt^ [COH(SO’)®]-Hg®.3HgO + 15H*0, 
is obtained by dissolving moist mercuric oxide in tlio free acid. The silver salt, 
COH(SO’Ag)* + H=*0, crystallises in tufts of needles, easily soluble in warm water, A 
plumbiferoiis potassium salt, obtained by evaporating the liquid remaining over the 
precipitate formed on mixing a solution of potassium oxymethanetrisulphonato with 
normal lead acetate, was found to have the composition 4COH(SO’K)* + 
[C0(80®K)*J*Pb + GH-O*. a double salt of lead oxymethanetrmdphonale with lead 
acetate, [COH(SO*)*]-Pb* + (C‘‘'H*()-)‘‘‘Pb + 811-0, is obtained in elflorescent tabular 
crystals when the precipitate formed on adding basic lead acetate to the solution of 
the potassium salt is dissolved in dilute acetic acid, and the solution is left to evapo- 
rate. It is decomposed by boiling water, with formation of load sulphate. 

OXYMSTBTXiBSirzOZG ACZB, C*H»0» = C“HX0n20H)C00H (J. Hessert, 
Ber. X. 1445 ; xi. 237). This acid is formed by the action of alkalis or alkaline car- 
bonates on phthalide, which is its anhydride, 

+ ffo = cni<C'i^u 

It is much less soluble in cold water than phthalide, but dissolves easily in alcohol 
and ether. It molts at 118°, giving up 1 mol, water, and being reconverted into 
phthalide ; the same change takes place also on boiling the acid with water. It is a 
well-defined monobasic acid, reddens litmus strongly, and dissolves with effervescence 
in alkaline carbonates. Its salts are all soluble in water; those of the alkaline earths 
dissolve in very small quantities of water aud of alcohol, but are not deliquescent. 
The silver salt, C‘’H^(CH*OH)(COOAg), obtained by the action of the acid on recently 
precipitated silver oxide, crystallises from aqueous solution in small octohedrons. 
The lead salt is decomposed by water. 

OXTMBTBTZ.OXY8EirZOZC ACZBS, 0<^H'-(0H)(CH‘-0H)(C00H). The 
modifications 1 : 2 ! 4, 1 : 2 .* 6, and 1 : 4 : 6 of these acids are obtained, as already 
described, by reduction of para-aldehydo-salicylic, ortho-aldohydo-salicylic, and 
ortho-aldehydo-paraoxybenzoic acids respectively (see Aldkhyuo-oxybekzoic 
ACIDS (p. 1465). 

OXTBAPBTBAZiBirE, OZTBAPBTBOZC ACXDSp OXYBAPB- 
TBOE, OXYBAPSTBAQUIBOBE. See Naphthalene, &c. 

OXTBEURZNE, G'H^NO^. Syn. with Betaine (pp. 323, 880). 

OXTPABACOBZC ACID, The calcium salt of this acid is formed, 

together with calcium itatiirtrato, when a solution of chloritamalic acid neutralised 
with calcium carbonate is heated for some time to the boiling point. See Citkic acids 
(Pyko-), p, 518. 

OXTPEVCEDABZB. See Peucbdanin. 

OXTPBEBTEACETZC ACZBp C»H«0s = CH2(OC*H“).COOH. Phenyl- 
oxacetic or Fhenyl-glycollio acid. — This Jicid, which Hointz obtained as a sodium salt 
by heating sodium phenato with chloracetic acid (p. 918), is converted by heating 
with alcohol into an ethyl salt, CIP(OC“II^).C(PC“il*, which boils at 251°, and yields 
the corresponding amide when treated with aqueous ammonia. The calcium suit 
yields by dry distillation a liquid of high boiling point. Cold strong nitric acid con- 
verts oxyphcnylacetic acid into the dinitro -derivative, C®H*(N0“)20.CH*.C0()H. The 
mononitro-derivative, obtained by the action of sodium monochloracetate on sodium 
nitrophenol (prepared from .volatile nitrophenol), melts at 153°, and volatilises easily 
with vapour of water (P. Fritzsche, J. pr. CJiem. [2], xix. 33). 

OXTPBEBTEPBTBAEZMZBE or OXTPBTBAEABZE, 

C 6 j [4 formed by heating 1 mol. orthamidophenol and 1 mol. 

phthalic anhydride for some time to aboqt 220°, and may be purified by exhausting 
the solidified and pulverised mass with boiling alcohol, and recrj^stallising the crystals 
which separate on cooling, several times from boiling alcohol, with addition of animal 
charcoal. It is thus obtained in prisms having a faint yellow colour, melting at 220°, 
easily soluble in alcohol and in toluene, especially when heated ; it dissolves also on 
heating with alkalis and alkaline carbonates, forming salts of oxyphthalanilic 
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acid, C“HHOH).NH.CO.O®H«.COOH. The sodium salt of this acid, C‘W®NaNO<, 
crystallises from water in fine needles. The acid itself, obtained by decomposing the 
salt with dilute hydrochloric acid, and rccrystallising the resulting precipitate from 
alcohol, forms prisms melting at 223®. Corresponding derivatives of pararaidophcnol 
have not been obtained (Ladenburg, Bar. ix. 1524). 

OXTPBSimTBZOCASBZMZBE, C<’H*(OH).NCS, is obtained by boiling 
an alcoholic solution of orthamidophenol with carbon disulphide in a stream of hydro- 
gen, as long as hydrogen sulphide continues to be evolved : 

C«HXOH)(NH*) + CS2 = H'-^S + C«U^OH).NCS. 

The product freed from alcohol by slow evaporation deposits the thiocarbimide in 
yellowish-grey crystalline crusts, and on recrystallising these from alcohol and 
boiling water, it is obtained in broad nearly colourless needles melting at 190®, It 
does not volatilise with aqueous vapour, but carbonises when heated above its 
melting point. It dissolves readily in ammonia, and crystallises therefrom unaltered. 

Silver nitrate added to the ammoniacal solution throws down white flocks which do 
not blacken on boiling. Oxyphenylthiocarbamide is decomposed by boiling aniline 
witl> formation of hydrogen sulphide, and by hydrocMoric acid at 170® into carbon 
dioxide, hydrogen sulphide, and amidophenol (J. Dunnor, Ber, ix. 465). 

OBYPBTBABZC ACZD. See Phthalic acids. 

OXTPBTBABTB-PARAMZDOBSirZOZC ACZD, 

formed by oxidation of paratolylphthalimide, 

C®H<(CH*) — with permanganate, is nearly insoluble in water, melts 

with decomposition at 275®-277®, and is converted by heating with hydrochloric 
into paramidobenzoic acid (A. Michiael, Ber, x. 576). 

OXYPROPABE-SVDPBOBZC ACZD, C®IP(OH)(SO®lf) (Max Muller, Ber, 
vi. 1441). This acid admits of five inodilicJitions, three derived from normal and thrtie 
from pseudopropyl alcohol, viz. : 

CII%SO®H).CH-’.ClPOH ) 

CU®.GH.(80®H).C1P0II t from normal Propyl Alcohol. 
OIi».CH*.CH(SO»H)OH j 

^ PsBudopropyl Alcohol. 

Only one of those is however known, and is obtained by the three following pro- 
cesses : (1). By passing tho vapour of sulphuric anhydride into normal propyl alcohol 
till tile liquid begins to fume in the air, and treating the product in the manner 
already described for the preparation of oxymethanesulphonic acid (p. 1471). The 
salts of the acid thus obbtined do not crystallise from aqueous solution, and they are 
so little soluble in hot absolute alcohol that only very small quantities can bo crystal- 
lised therefrom ; the potassium salt may however be readily crystallised in small 
needles by heating it with alcohol under pressure at about 140®. (2). By boiling 

allyl alcohol (b. p. 92®) with a concentrated solution of acid potassium sulphite, 
mixing tho solution with a large exceH.s of sulphuric acid, precipitating with alcohol 
(20 vols.), and treating the residue left on evaporating tho alcoholic filtrate in the 
manner above mentioned: OHPO -i-^SO*n"==C*H*(OII)(SO®H). (3). Acrolein, 

CE^CII — OHO, treated with excess of jBcid sodium sulphitts is ron verted into theoxy- 
disulpliouicacid,CII».CH(SO=‘H).CH(()H)(SO»fl)orCH-XSO'Il).CH^- -CH(OII)(SO»ll), 
which when decomposed yields sulphur dioxide, water, and an acrolcinsulphonic acid, 
either CH».CH(SO»H).CHO or OHXSO>H).CmClIO, and this when heated with 
sodium-amalgam takes up 2 at. hydrogen, and is converted into oxypropane-sulphonic 
acid, CH».CH(SO»H).CH-'()H or CH“(80*H).CH2.CH'‘0U. 

OXYPROPYDBBBZOZC ACZD, = C®HXC®H®OH).COOH (R. Meyer, 

Ber, xi. 1283). This acid is formed, together with a small quantity of terephthalic 
acid, by oxidising cumic acid, C®H^(C*H^).CO*H, dissolved in caustic soda with potas- 
sium permanganate. It is soluble in hot water, and separates from a strong igneous 
solution in dendritic crystals, from a dilute solution in long thin prisms. It is very 
soluble in alcohol and ether, melts at 155°— 156®, and sublimes^ with partial decom- 
position. Its ammonium salt is soluble, and its neutral solution gives no reaction 
with ferric chloride. The copper salt is obtained first as a bright blue amorphous 
precipitate, which on standing becomes crystalline. Tho lead salt is obtained as a 
white amorphous precipitate, which melts in boiling water. The silver salt^ 
C*®H>*AgO®, is a white crystalline body, not easily acted on by light ; and may be 
crystallised from hot water in beautiful, shining transparent, rhombic plates, 

VoL. VIII. 5 0 
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By oxidation with chromic acid mixture, oxypropyl benzoic acid is converted into 
terephthalic acid: 

OH).CO*H + 0" = C«H^(CO»H)* + 2C0* + SH^O. 

OXTPUXPUltXM’. See PritPUBur. 

OZYPTROTARTAiRZC ACZB. See Ptbotabtaeic acid. 

OZTSABZCYliZC ACZB, C«H*(0H)2(C02H)2 [CO*H : OH : 0H = 1 I 2 : 6]. 
See p. 289. The so-called gmiisio amd^ obtained by Hlasiwetz a. Habermnnn from 
gentisin, the colouring matter of gentian root, by the action of melting potash, and at 
first supposed by them to be a dioxybenzoic acid difToront from the four previously 
known (p. 860), has been shown by subsequent experiments to be identical with oxy 
salicylic acid. Pyrogentisic CLcid^ obtained by heating gcntisic acid, and 

originally supposed to be a fourth modification of dihydroxybonzene, is now found to bo 
identical with hydroquinone (Hlasiwetz a. Habermann, Liebig's Annalen, clxxx. 343). 

OXTSUCCZmrZi-PARAMZBOBSirZOZC ACZB, 

C*H*(CO'‘*H).NH(CO.(?H^CO^H), is formed by the action of potassium permanganate 
on paratolylsuccinimide, C*HXCH^).N(CO.C‘*H‘.CO), and crystallises in yellowish 
needles, melting at 226°-226"’, sparingly soluble in cold, freely in hpt water, mode- 
rately soluble in cold, very easily in hot alcohol. When boiled with hydrochloric 
acid, it yields paramidobonzuicacid. The ammonium salt is moderately soluble ; 
the barium salt is less soluble, and crystallises from hot water in laminae. The lead 
salt is a white, the copper salt a blue precipitate, both soluble in hot water. The 
silver salty C^®H“Ag‘-NO*, is a white flocculent precipitate. Orthotolylsiiccinimide 
does not yield an acid by oxidation (A. Michael, Bar, x. 576). 

OXTSUBPBOBBZrZZBS, C‘^H>®SO«=r(C®n<On)’2SO>. This compound, pro- 
duced by the action of strong sulphuric acid on crystallised phenol, was discovered in 
1867 by Glutz (vi. 894), and its methyl-, ethyl-, and amyl-derivatives, also its tetra- 
chloro-derivative, were obtained in 1870 by Annaheim (vii. 886), who has since dis- 
covered and examined a largo number of other derivatives {Ber, vi. 1206 ; viii. 1050 ; 
ix. 79 ; xi. 1668 ; Liebig's Annalen, clxxii. 28). 

Preparation. — The best yield of oxysulphobenzide is obtained by heating two parts 
of pure phenol and one part of fuming sulphuric acid for 3-5 hours to 180®-190®. 

2(C«H».OH) + H*SO« = SO^CCH^OH)* + 2n20. 

The product is purified by pouring the warm mass slowly into cold water and 
triturating it to convert it into a crystalline mass. The oxysulphobenzide thus ob- 
tained amounts to 63'5 per cent, of the weight of the phenol, and the mother-liquor 
contains only paraphcnolsulphonic acid. If more sulphuric acid be used than is 
indicated by the above equation, much less oxysulphobenzide, or none at all, is 
obtained, because sulphuric acid readily acts on this compound at a high temperature. 
Thus when it is heated with an excess of common sulphuric acid for an hour or two 
to 1 80^^-190°, paraphcnolsulphonic and disulphonic acids are produced, while by 
treiiting it at the same temperature with three times its weight of fuming sulphuric 
acid, a mixture of di- and trisulphonic acids is formed. 

The crude oxysulphobenzide is purified by boiling it with water, which leaves a 
red oil ; the crystals separating from the filtrate are again treated in the same way, 
and then rccrystalliscd, first from a small quantity of boiling alcohol, then from water, 
whereby the compound is obtained in perfectly,sirhite glistening needles, melting at 293°. 

Crystallisation. — To obtain measurable crystals, pure oxysulphobenzide is dissolved 
in a beaker nearly to saturation in glacial acetic acid at the boiling heat ; the solution, 
without filtering, is immediately placed over a water-bath heated to 100°, a second 
beaker is inverted over it, and the whole is covered with a cloth and left for twenty- 
four hours. The c^stals, 2 cm. long, thus obtained are orthorhombic, and exhibit 
the combination ooPoo . oo?2 . OP . P. Axes a”, hi 0=1*2829 : 1 : 0*53419. Sp. 
gr. = 1*3663 at 15°, whence molecular volume = 182*9 (Annaheim). 

Oxidation. — Oxysulphobenzide is completely oxidised by potassium permanganate, 
yielding the potassium salt, (C*II<OK)'*'SO*, together with sulphate and oxalate. 
Potassium-oxysulphobenzide is soluble in alcohol, yielding an alkaline solution from 
which hydrochloric acid separates the oxysulphobenzide in a mass of shining crystals. 
If the quantity of permanganate used is insufficient to oxidise the whole of the oxy- 
sulphobenzide, part of the latter remains unattached, and the rest is completely 
oxidised to sulphuric, oxalic, and carbonic acids, without formation of intermediate 
products (Guareschi, Gaze. chim. ital. 1878, 246). 

Tetraehloroxysulphobenzidey SO*[C*H'‘*CP(OH)]*, is produced, together with 
chloranil and other qainones,by adding to a mixture of 1 pt. of oxysulphobenzide and 
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2 pts. of potassium chlorate, 120.150 times its weight of hydrochloric acid. The 
product is washed with cold and warm water and cold alcohol, the residue dissolved 
ill boiling alcohol, and an equal volume 6f boiling water added ; on cooling, long 
white needles separate out, which are purified by recrystallisation. From strong 
alcohol the compound crystallises in largo nacreous prisms melting at 288®-289®. It 
is insoluble in water, spaft’ingly soluble in cold alcohol, freely in boiling alcohol, 
benzene, and ether. It combines with alkalis and decomposes carbonates. 

Tetrabromoxysulphohenside^ SO*[G®H“Br'XOH)]^ may bo obtained by the 
action of mercuric oxide and bromine on oxysulphobonzide in presence of water, but is 
best prepared by dissolving oxysulphobenzido in an excess of bromine and evaporating 
the solution on a water- bath. It crystallises from hot alcohol in short thick mono- 
clinic prisms melting at 278°-279°, and dissolves readily in boiling amyl alcohol, in 
caustic alfcilis and in alkaline carbonates, forming salts which do not crystallise. 

Tetriodoxysulphohenzide, SO*|C*H*P(OH)]’‘*, is produced by dissolving 12’5 
pts. of oxysulphobenzido and 51 of iodine in alcohol, and adding 30 of freshly prepared 
mercuric oxide. The product, after being washed with alcohol and ether, is boiled 
with water and potassium carbonate, and tin* solution is precipitiited with hydrochloric 
acid. It is insoluble in water, cold alcohol, ether, benzene, carbon sulphide, and 
chloroform, almost insoluble in boiling alcohol and glacial acetic acid, separating from 
those solutions in microscopic noodles melting at 26U°-270°. 

Meihyloxystilphohenzide^ is prepared by boiling an alcoholic 

solution of oxysulphobonzide, potash, and methyl iodide. It is insoluble in water 
and caustic alkalis, sparingly soluble in cold, and freely in boiling alcohol, crystallis- 
ing on quick cooling, in thin square plates, and on slow evaporation in flat prisms, 
melting at 130°, and subliming when more strongly heated. On dissolving it in hot 
sulphuric acid, it yields a mono- and a di-sulphonic acid. The barium salt of the latter 
forms colourless, transparent, monoelinic crystals, resembliug felspar, and consisting of 
C®lI’‘(OOH*)(SO“)“Ba + 411*0. The calcium salt contains also 4 mols. water, and 
crystallises in long, white glistening needles. Methyloxysulphobcnzido is identical 
with Guhour.s' sulphanMuk, obtained by the action of sulphuric acid on anisol. 

Dihrovtomethyloxysulphohenzidc, SO®(C“IPJ5rOCH*)*, is obtained by adding the 
required quantity of bromine to the methyl-compound. It is insoluble in water and 
alkalis, sparingly soluble in cold, and readily in boiling alcohol, crystallising in 
beautifully white, small plates, which molt at 166°. 

Dinitromethyloxysulphohcnzide, S02[C'’*1{®(N0''*)0GH*]*, is readily formed by dis- 
solving the dry methyl-ether in faming nitric acid. It is insoluble in water, cold 
alcohol, ether, and benzene, almo.st in.soluble in boiling alcohol, and sparingly soluble 
in boiling glacial acetic acid, from which it crystallises in microscopic prisms melting 
at 214°-215°. By the action of phosphorus iodide and water, it is reduced to the 
corresponding diamido-coinpound. 

Ethyloxysulphohenzidc, SO*'(G®II*OC*IP)*, dissolves retxdily only in ether and 
boiling alcohol, and crystallises in glistening small quadratic plates, melting at 159°. 

Dihronethyloxysidphohcnzide^ SO**{C®H®BrOG*H*)*, resembles the corresponding 
methyl-compound, and forms plates melting at 1»3°. 

LmitrocihyloxysulpfiohcnzidCf SO*[C®H®(NO'-^)OC^ll“]'‘', crystallises from alcohol in 
largo shining plates, or fine needles, melting at 192°. By reducing it with phosphorus 
iodide and water, diaiuidoethyloxysvlphobnnzide hydriodide, SO*[C®H®(NH'“)OC‘*lPJ2-l- 
2HI, is formed, crystallising from water or alcohol in yellowish needles. From its 
solution alkalis precipitate the base as a crystalline powder. 

S0'“(G®1I^0C®H“)% requires a rather high tempera- 
ture for its formation, and crystallises from boiling alcohol in small, brilliant, w^hite 
plates, melting at 98°. ^ Its hromme-d^riDotive^ SO'‘‘(G®H®BrOG*Jl“)^ crystallises from 
hot alcohol in small* white plates, melting at 100°. The 7dfro-derivative, 
SO*[G®H*(NO*)OG*H"]'‘', is sparingly soluble in boiling alcohol, and forms brilliant, 
nacreous, six-sided plates or prisms, molting at 150°-151°. It differs from the other 
nitro-derivativos of oxysulphobenzide, in not being reduced by Avater and phosphorus 
iodide, or by tin and hydrochloric acid (Annaheim, lAehig's Annalen, clxxii. 38-59). 

Binitroxysulphobenzidet [G®Il*(NO*)OH]*S02 separates from a solution of 
oxysulphobenzido in warm nitric acid, in crysUilline scales ; it is insoluble in water, 
only slightly soluble in alcohol, ether, and bonreno, and crystallises from alcohol in 
microscopic rhombic noodles. With alkalis and alkaline earths it forms easily 
soluble compounds having a deep yellow-red colour. The bariwji salt, 
[C®H*(NO‘')0]’'Ba.SO*, is prepared by dissolving dinitroxysulphobenzide in hot baryta- 
water, and separates from the solution— freed from excess of barium by carbonic 

5c2 
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acid and eva^rated — in ciystalline crusts. The sodium aaltf [C*H*(NO*)ONaT'*SO*, 
prepared in like manner, forms red-yellow crystalline crusts, and its aqueous solution 
gives precipitates, apparently of analogous composition, with silver, zinc, copper, and 
lead salts (Gluts, loo. cU.) 

Dinitroai/suljfhobenzidanilidc, [C*H*(NO*)(NH.C*H*)]®SO*, is formed by heating 
the dinitro-compouud just described with ^ pts. of aniline : 

[C«H»(NO«)OH]'-SO* + 2NH*(C®H*) = 2H*0 + [C“H*(NO*)(NH.C‘H*)]*SO*. 

It crystallises from aniline in brilliant red rhombic prisms, exhibiting the combination 
00 P . OP. On boiling it with water, alcohol, ether, or benzene, it is decomposed with 
reproduction of aniline (Annaheim, Ber. vii. 436). 

Biamidox^sulpkobemide, C**H**N^O*= [C'*H®(NH*)OH]‘SO*. The hydr~ 
iodide of this base, C'*H**N’iS0^2HI + 2H*0, is formed by the action of phosphorus 
iodide on dinitroxysulphobenzide in presence of a small quantity of hot water, and 
separates from the solution, after removal of the phosphorus, in long colourless needles 
which give off their water at 110®-116®, and dissolve readily in water and in alcohol 
(Glutz, Liebig's AnnaleHy cxlvii. 52 ; Annaheim, Ber. vii. 436).* 

The corresponding hydrochloride^ [C‘*H*(NH*)0K]='S0“.2HC1 + 2H'“0, obtained by 
reduction of the dinitro-corapound wdth tin and hydrochloric acid, is a very similar 
body. The sulphate^ [G'’11\NH'^)0H]*S0*.II“S0* + 2H‘0, obtained by heating the 
hydrochloride with sulphuric acid, is slightly soluble in water and in alcohol, and 
crystallises from hot water in short thick prisms ; it is very stable, and may bo heated 
to 140° without decom^sition. Ammonia added to the solution of this salt throws 
down the free base, which separates from water in large crystals. 

On treating the sulphate or hydrochloride in acid aqueous solution with potassium 
nitrite, the liquid turns red and deposits a substance having a splendid Vermillion 
colour, dissolving in ammonia with deep red colour, reprocipitated by acids, iletonating 
when heated (Annaheim). 

Tetranitro-oxysulphohemide, [C''rT®(N0-)‘*0II]*S02, obtained by the action 
of red fuming nitric acid on the dry dinitro-derivative, and purified by crystallisation 
from hot water, is a solid straw-yellow, very bitter substance, melting at 253 ", and 
exploding at a higher temperature. It is insoluble in most of the usual solvents, but 
crystallises in long needles from boiling water, the mother-liquor when mixed with 
hydrochloric acid yielding an additional crop. It has well-marked acid properties, 
and readily decomposes alkaline carbonates. It is extremely soluble in glacial acetic 
acid at the boiling heat, and separates almost completely on cooling in needles, in 
which, however, part of the remaining hydrogen is replaced by acetyl. Its potassium 
salt, [C'*ll'-'(NO-)*OK]'^SO'^ is sparingly soluble in cold, moderately soluble in hot 
w'ater, and separates therefrom on cooling in redd ish-y allow microscopic crystals, 
which detonate when heated. Tho corresponding sodiu'm salt dissolves easily in water 
either hot or cold, and separates after a long time in minute yellow crystals. Another 
sodium salt, whose composition was not determined, was once obh'iined in hydrated 
efflorescent octohedral crystals 1 cm. long (Annaheim, B<r, xi. 1668). 

BUrromodinitro-oxysuIphobenzide, [C®I£’'^Br(NO')()II]'‘'SO^ is prepared by mixing 
34 grams of dinitroxysulphobenzide (to which a little bisulphide of carbon has been 
added) with 32 grams of bromine, evaporating to dryness on tho water-bath, washing 
with water, dissolving in s(xliuin carbonate, and crysUillising out the sodium salt. 

Sodium dibromodinitroxysulphobenzido c|^stallises in small, yellowish-red needles, 
soluble in hot water, but with some difficulty in cold water, Tho free acid is sepa- 
rated from tho solution on addition of hydrochloric acid. Dibromodinitroxysulpho- 
benzide is insoluble in water, sparingly soluble in alcohol, but easily soluble in boiling 
acetic acid, from which it separates again in white needles of a &int straw colour. 
It melts at 284®-285°. 

Dirdodonitroxysulphobenzide, [C®IPI(N0*)01I]2S0*, is prepared by bringing 
together 50 grams of iodine dissolved in alcohol, and a mixture of 34 grams of di- 
nitroxysulphobenzide with 21*6 grams of yellow mercuric oxide, and heating on tho 
water-bath. After filtration and washing with water, the product is boiled with 
sodium carbonate and extracted two or three times with boiling water. The difficultly 
soluble sodium salt separates from the hot solution in fine orange-red needles. 

Di-iododinitroxysulphobenzido is insoluble in water and alcohol, but dissolves in 
boiling acetic acid. It melts at 29^°-295^. Like the previous compounds, it pos- 
sesses acid properties and decomposes alkaline carbonates (Annaheim, Ber. ix. 660). 

Tetrazoxysulphobemide, [C*II*.N=;N.OH]®SO*, is prepared by dissolving 

• Glutz assigned to this compound the formula G‘*H>N*SO*.2HI=C"H*(NH*)»SO*.2HI; but the 
formula above f^ven is more in accordance with its mode of funnation, and is moreover supported 

by Annahelin's analysis. 
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16 pts. of tlio hydrochloride of diamidoxysulphobenzide in 70 pts. of alcohol, and 
adding 15 pts. of amyl nitrite. It forms six-sided microscopic laminae, which, when 
exposed to air and sunlight, are converted into a red colouring matter. It is insoluble 
in alcohol, but dissolves in water acidulated with hydrochloric acid ; detonates violently 
at 120*’ (Annaheim, Bcr, viii. 1059). 

Constitution of 0-xysulphohenzide . — Annaheim represents this substance 
by the formula 

HCrrClI HC— CH 


HOC 


5 C-SO=— a TOH 


HG-Cll 


regarding it as formed of two benzcme-nuclei directly united by the group SO-, and 
having the two hydroxyls in the para-positions with regard to that group. This view is 
supported: 1. Uy the reaction of oxysiilphobcnzido with sulphuric acid, whereby it is 
resolved into two paraplicnol-monosulphonic acids, C^OH.H.H.SO^U.IP. 2. ]ly the 
fact that the two hydroxylic hydrogen-atoms may be simultaneously replaced by 
alcohol radicles, and that the resulting compounds, e,g. sulpha ni soil ide, may in like 
manner be resolved into two molecules of one and the same compound, 

C«n<(0CIl»)‘^S02 -h H^SO^ = 2C4IX0CH*)S0*H. 

3. By the fact that, as Annaheim has shown by heating oxysulphido with ethylene 
bromide, the two hydroxylic hydrogens cannot bo replaced by the diatomic radicle 
ethylene, as might bo expected if the two hydroxyls occupied contiguous positions 
(^Lichufs Anmlcn, clxxii. 59). 

OXTTHXOCARBAMZC ACID, NH^.CO.SH. See CAunAific Aciv (p. 387). 

OXTTHTMOQVZRORS. See Tuymoquinone. 

OXYTOZiVZC ACZDS. See Toluio Acids. 

OXTTOZiUZDZXrS. Syn. with Amidocrksou. See Toluidinks. 

OXYTXZMB8ZC ACZB, C«H-(011)(000U)^ This is the modification of 
phenol-tricarboxylic acid in which the three ciirboxyls are symmetrically disposed. 
See Phknol-tuicauboxylic Acid. 

OXYWVZTZC ACZZ>, CTPCP = C«Il-(CH»)(OH)(Wn)2. This acid is formed 
on adding chloroform to the crude product of the action of sodium on ethyl acetate, 
and boiling the resulting mixture of ethers till a sample of it no longer yields an 
oily produert with acids. On adding hydrochloric acid to the solution thus obtained, 
oxyiivitic acid separates in yellowi.sh flocks ; and on dissolving these in a largo quan- 
tity of boiling W’ater, and decolorising with animal charcoal, the acid is obtained in 
thin colourless needles. On the mode of its formation, see Aceto-acetic Ethers 
(P-^7). 

Oxyuvitic acid is but sparingly soluble in cold water, but dissolves more readily in 
hot water, still more in alcohol and other. With ferric chloride it gives a red-violet, 
with ferrous salts a reddish coloration. It softens at 290°, and decomposes at the 
same time, so that its melting point cannot be determined. 

The oxyuvitates of the alkali-metals arc very soluble, crystallise indistinctly, and 
turn brown on exposure to the ai?. The potassitm salt has the composition 
C®H*K“0* -H H‘‘‘0. The barium saU, C®H®BaO®-i- crystallises in microscopic 
needles, which easily turn yellowish : it is soluble in alcohol, gives off 1 mol. water at 
125°, the rest at 160°. By distillation with lime, it yields a cresol boiling at 200°. 
The calcium salt has the composition C®H®CaO®+ lJH-0. The silver salt^ C*H*Ag’*0*, 
separates, after long standing, as a curdy precipitate not quite insoluble in water ; so 
likewise does the greenish copper salt, C®H®CiiO®. The solution of the barium salt 
gives with lead nitrate a white amorphous precipitate, with ferric chloride a brown- 
violet precipitate ; none with mercuric chlonde or zinc chloride (Oppenheim a. Pfaff, 
Ber. vii. 929). 

The methylic ether, C®H*(OH)(CH*)(COOCH*)®, produced hy heating the silver 
salt at 100° with methyl iodide and perfectly anhydrous ether, forms yellow trapezi- 
form plates several mm. long, melts at 108°, and sublimes between 200° and 300°. 

Reactions, — 1. By oxidation of oxyuviiic acid Emmerling a. Oppenheim 
ix. 726) have obtained, not, as was expected, oxytrimesic acid, but an acid, 
isomeric with Bbttinger s uvic acid, which they designate as hydro-oxyhensoic acid 
(see Uvic acid). W^ith chromic acid only a small product is obtained; with potas- 
sium permanganate a somewhat larger quantity, about 10 per cent, of the oxyuvitic 
acid employed. 
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2. Ftming nitric acidj either alone or mixed with sulphuric acid, converts oxy- 
uvitic acid into atrinitrocrosol, C’H*(N0=)*0, which after purification forms fan- 
shaped groups of faintly-ycllowish (Smooth needles melting at 106° (Emmerling a. 
Oppenheim, £cr. ix. 1094). 

3. Oxyuntic acid treated with phosphorus pentachUyndc is converted into a mixture 
of chlorides, which when boiled with wates yields, together with reproduced oxyuvitic 
acid, an acid which separates from the sufficiently concentrated mother-liquor in long 
needles, and appears from the analysis of its barium salt to be an anhydride of 
oxyuvitic aofld, [C‘‘H*(OH)(CH*)(COOH)COpO (Oppenheim a. Pfaff, Ber, viii. 
884). 

Constitution . — Oppenheim a. Ffafif find that the cresol obtained by dry distillation 
of the calcium and barium salts of oxyuvitic acid is w'/ocresol, a result which con- 
firms the relative position of the radicles OH and CH^ in the acid, as represented by 
the formula given on p. 17- 



by loss of 2CO* gives 


on 



Hence also 4t follows that the acid here designated as oxyuvitic acid is not the true 
oxy- or hydroxy-acid of uvitic acid, which, according to Bdttinger, has the substituted 
radicles in the symmetrical position 1, 3, 5, or C*.CO*H.Il.CH®.H CO^H.H (see Uvmc 
Acid). 

OXTXTXiSN’E, or HTDROXTXTXiBWB, G‘>H3(CH3)20H. This is the con- 
stitution of phlorol {q.v.) 

OXYXYX.ZG ACZB, C«ir‘(CH7‘(OH)(COOH). An acid formed by the action 
of melting potash on pseiidocumenol, C®H-(OH*)®On (y.v.) 

OZONE. On the formation of Ozone by the action of the silent electric discharge 
on oxygen, see Electkicitt (p. 727), also Giannetti a. Volta (Ber. ix. 84). A power- 
ful apparatus for this purpose is described by Leeds (Chem. News, xl. 196). Accord- 
ing to J. Boeho (Ber. vi. 439), the electrisation of dry oxygon is the only method 
that yields pure ozone, all other methods giving rise at the same time to the form- 
ation of nitrous vapours or of hydrogen dioxide. 

According to Bdttger (N. Bep. Pharm. xxiii. 372), ozono is produced in the form- 
ation as well as in the electrolysis of water. When acidulated water is decomposed 
by an electric current, the ozono formed at the positive pole destroyed by addition of 
a small quantity of potash, and the mixed ga.ses then exploded by contact with a 
fiame, iodised starch-paper introduced inb^ the cylinder which contained them is 
turned blue. 

Experiments on the formation of ozono by combustion in the air have been made 
by W. IRadulocoitsch (Ber. vii. 1454). When wax, stearin, petroleum or magnesium 
was burnt within a bottomless flask, and the products of combustion were made to 
pass through a glas.s tube containing strips of iodised starch paper, the formation of 
ozone was shown by the bluing of the paper ; '^hon however the same substances were 
burnt in ordinary lamps, the formation of ozone cotild not be detected. When a small 
quantity of petroleum (boiling at 30° to 100° and upwards, and of sp. gr. 0-67 to 0’68 
at 22®) is placed in a capacious flask which is frequently opened and shaken, it acquires 
oxidising properties, and the air contained in the flask gives the ozone reaction. This 
occurs in a few days at the summer temperature if the vessel is oxposerl to the direct 
rays of the sun, and more slowly at a lower temperature and in diffused daylight. The 
slow evaporation appears to play an important part. When petroleum thus treated is 
shaken up with a solution pf potassium iodide, iodine is liberated, and paper prepared 
with potassium iodide and starch -paste acquires a blue colour when exposed to the 
air in the flask. The altered petroleum also decolorises indigo, gives a blue colour to 
guaiacum extract, and exhibits the other roiictions of active oxygen. When the 
petroleum is shaken up with water, the latter remains neutral, and when tested shows 
the presence of hydrogen peroxide ; but, if the petroleum has remained for a long time 
in contact with the air, it acquires an acid reaction which it communicates to water 
when agitated therewith. The aqueous solution is found still to contain hydrogen 
peroxide, but it also reduces silver nitrate, thus indicating the presence of formic acid. 
Petroleum readily absorbs ozone —liberated from potassium permanganate by the action 
of sulphuric acid— and when agitated with water gives to it an acid reaction, whilst 
the solution reduces silver salts ; but the petroleum is not at once capable of liberating 
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iodine from potassium iodide solution. If however allowed to stand for twenty-four 
hours, it acquires that property, and if it be then agitated with water, the solution 
gives the chuacteristic reactions of hydrogen pef oxide. 

Similarly, pure benzene, and the portion of light coal-oil boiling between 80° and 
100°, exhibit the same power of rendering oxygen active. Pure phenol mixed with 
water also acquires, in contact with air, the power of turning paper blue which has 
been prepared with potassium iodide and starch-paste (Fadakowski, Ber. vi. 106). 
Similar observations have been made by £. Schaer {ibid. 406). 

An apparatus constructed by 0. Loew for the preparation of ozone for industrial 
purposes, depending on the ozonisation of oxygen by the combustion of coal-gas or 
other hydrogenised bodies in a rapid stream of air, is described by Ad. Ott {Dingl. 
poL J, ccxiii. 130). The use of such an apparatus is suggested for the defuselation of 
brandy, or the manufacture of vinegar. 

On the supposed formation of Ozone by the oxidation of Turpentine-oil and other 
essential oils, see Kingzett (p. 1430). 

On the ozonisation of Air by moist Phosphorus, see A. K. Leeds (Chem. News^ xl. 
70 ; Chem. Soc. J, xxxvi. 881). 

Bellucci {Ber. viii. 905 ; ix. 581) observed in the neighbourhood of the water-falls 
of Terni and Trollhattan a strong smell of ozone, which ho attributes to the friction 
of the particles of water in the spray, and the consequent development of electricity. 
He finds that tlie spray of water containing solid substances in solution generates more 
ozone than that of pure water, and that the effect is still further increased if the water 
holds solid particles in suspension. 

From experiments by Bellucci (Ber. vi. 756 ; Compt. rend, Ixxviii. 362) it appears 
that the oxygen exhaled from plants in sunlight does not exhibit the properties of 
ozone. 

Amount of Ozone in Air. — The following average results for the several months 
of the year 1873, obtained with Lender's ozonometer, are recorded by A. v. Loseko 
{Arch. Pharm. [3], v. 427) : 



Ozonc-degroe 

Tem^MiratuTC 

Amount of rain 

January . 

. . 9‘35 

- 0*40° 


February . 

. 9-90 

^ 2 00 


March 

. . 9-30 

+ 2-30 


April 

. 876 

+ 4*30 


May . 

. 8-45 

+ 6*50 


June 

. 8-66 

-t- 11-90 

7-06 cm. 

July. . 

. 8-30 

+ 14-00 

5-98 

August 

. 8-32 

+ 12-70 

4-57 

September 

. 7*86 

+ 8-50 

6-95 

October . 

. 8*5r) 

+ 6-47 

5-56 

November 

. 2-26 

+ 1*45 

5-59 

December 

. 5*60 

- 170 

1-13 


The mean for the winter half-year was 8*4, for the summer half-year 7*5, and for the 
day-time 7*94. The proportion of ozone in a yard surrounded by moderately high 
buildings was aliout 2° low’er ; in dwelling-rooms and other apartments, whether the 
windows W'ere closed or opened for a longer or shorter time, and whether growing 
plants were placed in the room or not, no ozone could be detected ; neither was any 
connection observed between the anTbunt of ozone and the direction of the wind 
(compare Houzeau, vii. 113, 114). 

According to L. Fautrat (Compt. rmd. ixxxiii. 752), the proportion of ozone in the 
air of forests is smaller than in the open country. 

Experiments on the gradual conversion of ozone into ordinary oxygen have been 
made by Berthelot (Compt. rend. Ixxxvi. 76) by means of flasks of about 260 c.c. 
capacity filled with oxygen ozonised by the discharge and kept at a temperature of 
al^ut 12°. At the commencement of the experiment, the g;is contained 2*2 per cent, of 
ozone ; in twenty-four hours the amount was reduced to 2T per cent. ; in five days to 
1*5 percent.; in fourteen days to 0*4 per cent.; after fifty-ono days only a trace 
remained, and in sixty days no ozone could be detected either by the smell or by 
potassium iodide. Ozone has no fixed tension of dissociation, and the rate of destruc- 
tion is directly proportional to the amount contained in the mixture. The dissociation 
did not appear to be accelerated by the preseico of water, at least in the first week. 

Belationa of Ozone to Water. — The solubility of ozone in water, first observed by 
Williamson in 1845 (Liebifs AnnaUn^ liv. 130), is corroborated by the experiments 
of Carius (ibid* clxxiv. 1) and of Schdne (Ber. vi. 1208, 1224). Kammelsberg, how- 


• Not recorded before June. 
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ever {ihid. yi. 603), observes that diluted ozone is not absorbed by water at ordinary 
temperatures, the absorption ttiking place only when the gaseous mixture contains a 
considerable proportion of ozone. Carius, on the other hantl, finds that water in con- 
tact with its own bulk of a gas containing 2 per cent, of ozone, acquires its odour and 
characteristic properties. Even when the gas contains only 1 per cent, of ozone, the 
solution produces a powerful effect on potassium iodide and starch, but diminution of 
the proportion of ozone leads very rapidly to an extreme weakening of the solution. 
Ozone, mixed witli oxygen gas, obeys in fact the law of gaseous absorption which 
makes the quantity dissolved proportional to that fraction only of the total pressure 
which is duo to the quantity of the gas itself confined in the mixture. Taking this 
law into account, Carius found, from a series of closely agreeing experiments, that the 
mean absorption-coetficient of water for ozone at 1° and 760 iiira. pressure is 0*834. 
As, Iiowever, it is by no means certain tliat the limit of absorption was attained in 
these experiments, the actual absorption-coefficient may be even greater than that 
deduced from observation. 

The following results have boon obtained by Schone (/?cr. vi. 1208, 1224). 

(1). Ozone does not oxidise water into peroxide of hydrogen. (2). Ozone is 
absorbed by water in considerable quantity even at the ordinary temperature. The 
observed maximum was *0189 gram, or 8-81 c.c. (reduced) ozone (0®) per litre. 
(3). Ozone in contact with water suffers no qualitative alteration. (4). The quantity 
of ozone in ozonised oxygen is diminished by passing the gas tlirough water. By 
collecting dry ozonised oxygen over water, about one-fourth of the ozone is removed, 
and the loss of ozone is greater after prolonged contact. (6). Since in the passage of 
ozonised oxygen through water, far more ozone disappears than is absorbed by the 
water during the time, and as the loss of ozone continues even when the water is 
saturated with it, it would seem that water has in this case the power of breaking up 
ozone. (6). Ozonised oxygen, left at rest in contact with water at the ordinary tem- 
perature for some days, becomes changed into ordinary oxygen. (7). The change of 
ozone into ordinary oxygen in the above manner is accompanied by an increase in 
volume. This result accords witli that obtained by heat in the researches of Andrews 
a. Tait, and by Soret. Schone likewise observes that ozone may remain for some time 
in contact with the skin without suffering decomposition. 

From the numbers obtained by Carius, Schone calculates for the absorption-coeffi- 
cient of ozone at 16**5® the number 0*373, agreeing nearly with that deduced from his 
own experiments, viz. 0*366. 

According to Carius {loc, cit.\ the dissociation of ozone by water at 0® is very 
small. The aqueous .solution, even when extremely dilute, exhibits the characteristic 
teste and smell of ozone, the smell oven in a solution containing only 5 vol. ozone in 
100 vol. water being so powerful that it can never be mistaken for that of a solution 
of nitrous acid, chlorirn*. chlorous acid, or hypochlorous acid. Delicate litmus- 
paper is quickly bleached by concentrated ozone-water, but in a more dilute solution 
the bleaching is preceded by a peculiar shade of colour resembling indistinct 
reddening by an acid. Concentrated ozone-water exhibits all the oxidising effects 
of gaseous ozone. A solution of tballious oxide produces, slowly in dilute, quickly 
in concentrated ozone-water, a brown precipitate of thallic oxide. The forma- 
tion of silver peroxide, on the other hand, does not take place with certainty 
even in the most concentrated ozone-water, but only when silver loaf is introduced 
into the small space above the solution in a closed vessel where it can como in contact 
with the gases omitted from the liquid. Ozona^water prepared with ozonised air con- 
tains abundance of nitric acid, but no nitrous acid or hydrogen dioxide (Carius). 

Decolorising Power. — Goppelsrooder (Dingl. pol. J. ccxix. 640) jpublishes an obser- 
vation made by Koechlin, according to which pieces of calcio which had been dyed 
with indigo treated with sulphuric acid, then washed, and frozen by exposure in the 
moist state to a winter atmosphere, were found to be considerably altered in colour, 
especially on the edges. This effect is attributed by Goppelsroeder, on the ground of 
special experiments, to the action of atmospheric ozone. In the same manner aniline- 
brown on cotton was changed to a yellow-orange ; fuchsine-rosa, Hofmann’s blue and 
violet, red corallin, iodine-green, lakes from dye-woods, and even Turkey-red, were 
completely bleached. In the absence of water, however, this action of ozone did not 
take place. 

Antiseptus Power. — Boillot (Compt. rend. Ixxxi. 1268) recommends the use of ozone 
for the preservation of meat, milk, and other easily alterable articles of food. 

Action on Blood. — According to Doziel {N. Bep. Pharm. xxiv. 431J the action of 
ozone on blood is exerted in the first instence on the rod corpuscles, their colouring 
matter being separated, and the blood in a quarter of an hour acquiring a darker 
colour. Defibrinated blood, exposed in thin layers to the prolonged action of ozonei 
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acquires the colotur of red sealing-wax, and the blood, after this alteration, no longer 
deposits crystals of haemoglobin on addition of alcohol, ether, or chloroform. Ce- 
fibrinated blood through which ozone was passed for a considerable time deposited 
flocks which, after washing with water, were indistinguishable from fibrin ; by the 
still further prolonged action of ozone, the blood became dingy green and finally 
colourless. The formation of the fibrinoid substance is probably due to an alteration 
of hmmoglobin. Haematin is likewise decolorised by ozone. When blood poisoned 
with carbon monoxide is exposed to the action of ozone, it quickly acquires the 
properties of normal blood, ctirbon dioxide being separated at the same time. Blood 
containing carbon monoxide is less quickly decolorised by ozone than normal blood, 
and does not so quickly lose the property of depositing crystals of haemoglobin. The 
alteration of the blood-corpuscles by ozone must not be confounded with that pro- 
duced by carbon dioxide. 

Estimation . — To estimate ozone in presence of chlorine, and nitrogen tetroxide, 
X). Tommasi {Chem.. News, xxix. 284) passes the gaseous mixture in the first instance 
immediately through a normal solution of potassium ferrocyanide, and secondly 
tlirough a tube filled with platinum black or manganese dioxide to destroy the ozone, 
and then through the normal solul ion of potassium ferrocyanide. 

M. Davy (JJompt. rend. Ixxxii. 157) estimates the very small amount of ozone 
present in tlio air, which varies from 0*76 to 1*3 mg. in 100 c.c. of air, by passing the 
air through a solution of neutral potassium arsenito and a little potassium iodide, and 
determining the amount of arsonious acid thereby oxidised, by means of a standard 
iodine-solution. 


P. 


PAILXiLBXIIM. Small quantities of this metal are of almost constant occur- 
rence in refined silver ; that of Commern and Mechernicli on the Eifel contains 
0*0053 per cent, palladium (II. Rossler, Liebig's Annalen, clxxx. 240). Palladium is 
also found, together with other platinum metals, in the ferric chloride obtained in the 
preparation of fine gold (Opificiu^, Dingl. poL J. ccxxiv. 414 ; Jahresh, f. Chem. 1877» 
1142). 

Electromotive Force in Gas-batteries . — According to E. Villari (Pogg. Ann. cli. 608), 
the electromotive force of palladium in gas-batteries is considerably greater than that 
of platinum electrodes, evidently in consequence of the great affinity of palladium for 
hydrogen ; moreover, it becomes considerably greater when the (positive) electrode in 
contact with the oxygon is oxidised. 

On the use of Palladium in facilitating oxidation^ see Hydaocabbons (p. 1066). 

Ooquillion {Compt. rend. Ixxxiii. 394) recommends the use of palladium instead of 
platinum wire for igniting mixtures of hydrocarbons and air in gas-analysis, inasmuch 
as it brings about the combination of the gases without detonation. 

On the Absorption of Hydrogen by Palhulium and the properties of Palladium- 
hydrogen^ see IIydrookn (pp. 1070, 1071). 

Wiien palladium in the form of s]»ongo or foil is heated in a flame of alcohol or 
coal-gas, it becomes coated with a thick spongy layer of soot, and on burning this 
away, the palladium remains in the form of a brittle skeleton. 

Spongy palladium, wdiich at 100° is capable of taking up several hundred times 
its own volume of hydrogen gas, does not act on ethylene at any temperature below 
a red heat; but on raising the heat to redness, carbon is deposited and hydrogen set 
free, the temperature at which this decomposition takes place being below that at 
which etliylene is decomposed by^ heat without the agency of palladium. The effect 
appears to be due to the absorption of hydrogen and its subsequent separation, these 
phenomena continually succeeding one another in the same manner as when copper is 
ignited in ammonia-gas (Wohler, Lieibig's Annalen^ clxxxiv. 128). 

Palladium may be amedgamated in the same way as iron (p. 1096), viz. by bringing 
it in contact with sodium- or ammonium-amalgam, and then dipping it into acidulated 
water. 

The black oxide of palladium^ PdO, obtained by ignition of the nitrate, is instantly 
reduced by hydrogen, even at ordinary temperatures, the reaction being attended with 
vivid incandescence. In like manner, as observed by Berzelius, palladium which has 
acquired a blue tiirnish by oxidation immediately loses its blue colour when plunged 
into hydrogen gas at the ordinary temperature (Wohler, lAebig's AnnaleUf clxxiy. 60). 
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On palladium Mercaptide, see Mebcaftidbb (p. 1276). 

A soluble paUadinm thiocyanate is obtoined, accoi^ng to S. Kern (Ckm. NewSf 
zzxii. 242), by mixing the aqueous solution of palladium chloride or nitrate and 
potassium thiocyanate. The solution of this salt is said to give no reaction with an 
alcoholic solution of iodine. 

P alladammonium ~ compounds. — Yellow palladammonium chloride, 
PdCl*,2NH* or Pd(NH*Cl)*, treated with aqua regia, is converted into the compound 
ClPd(NH»Cl)* 

PdKJl*.4NH* or | , which is a dark red, almost black substance, closely 

ClPd(NH«Cl)* 

resembling in appearance and solubility the double chloride of iridium and ammonium. 
Its formation may be represented by the equation 2(PdCP.2NH*) + CP = Pd*Cl®.4NH*. 
The same salt was obtained as a precipitate on treating some mother-liquors of di- 
palladammonium chloride, PdCP.4NH®, with aqua regia in presence of sal-ammoniac. 
It is interesting as showing that all the metals of the platinum group, except platinum 
itself, are capable of forming chlorides of the formula M^Cl®. It is easily decomposed 
by heat, breaking up into hydrochloric acid, sal-ammoniac, nitrogen, and metallic 
palladium. It is also decomposed by boiling water, with brisk evolution of nitrogen, 
the palladium trichloride being reduced to dichloride, a portion of which remains in 
combination with the undecomposed ammonia (Deville a. Debray, Compt. rend, Ixxxvii. 
926). 

PA&MZTOVB, GO(C^®H>*)^ See Ketones (p. 1149). 

PAXrCBBATZC FBRMBNT8 (p. 779). E. Scheffer (Pharm. J, Trans. [3], 
vi. 844) prepares pancreatin as follows: The freshly chopped pancreas of an ox is 
macerat^ for twenty-four hours with water slightly acidulated with hydrochloric 
acid ; the acid liquid is poured off and replaced by pure water, which again is poured 
off after four to six hours, and mixed with the acid extract ; the filtered liquid is 
neutralised with recently precipitated calcium carbonate, then filtered again; and this 
second flltrato is mixed with an equal volume of alcohol, whereby the pancreatin is 
thrown down in white flocks, which dissolve almost completely in water, convert 
starch into sugar, and decompose neutral fats, with separation of the free acids. 
Pancreatin is decomposed by pepsin dissolved in acidulated water. 

V. Mering a. Musculus {Zeitschr. physiol. Chem. i. 396), by treating starch and 
glycogen with pancreatic and salivaiy ferment, have obtained dextrin and maltose ; 
also dextrose with pancreatic ferment. 

On the action of the Organised Ferments of the Pancreas on Carbohydrates and 
Nitrogenous Bodies, see Ferments. (p. 782). 

By the pancreatic digestion of gelatin, Nencki {Ber. vii. 1593) obtained a very 
small quantity of indole and small quantities of tyrosine, ammonia, leucine, glycocine, 
and a viscid yellow body, which he calls gelatin-peptone. 

PABBBRMZTB. A mineral found at Panderma, on the Black Sea, in a grey 
streaky gypsum bed, lying under a formation composed of alternating layers of brown 
clay and calcareous slate. It occurs in snow-white, fine-grained nodules and fragments 
enclosed in the gypsum. An analysis of the dried mineral showed it to have the 
following composition : 

CaO MgO FcO K«0 H"0 B-0* 

29*33 016 0*30 0*18 / 16*46 64*69 = 100*00 

which may be represented by the formula 2Ca0.3B*0* -l- 3H*0, indicating that pan- 
dermite is nearly related to borocalcite. No chlorine, sulphuric acid, silica, or 
carbonic acid, could be detected in it (Q-. vom Bath, Jahrh.f. Min. 1878, 74). 

9AO. See Pereiro. 

PAPBR* On the Chemical Manufacture of Paper from Wood, see Bosenhain 
(Dingl, pol, J. eexx. 81 ; Chem- Soc. J. xxx. 234 ; also Chem. Soc. J. xxv. 1048 ; xxvi. 
1069). 

Manufacture of Paper from the Gombo (Hibiscus esadentus), see p. 896 of this 
volume. 

Micrographical Study of the Manufacture of Paper: A. Gerard (Compt. rend. 
Ixxx. 629 ; Chem. Soc. J. xxviii. 676). 

Parchment-paper: Dingl. eexx. 380% Jahresh.f. Chem. 1876, 1174. 

Japanese Paper: Munroe (Am^. Chem. vi. 409; Jahreeh. 1876, 1176). 

Dendritic Spots on Paper : Liversidge (Chem, Soc. J. xxv. 646) ; Hadrian (ibid. 
xxvii. 764). 

On the Glazing of Paper: C. Wurster (Dingl. eexxvi. 76, 310, 381 ; Chem, Soc, J, 
xxxiv. 184). 
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On the Estimation of Mineral Matter in Paper : Wurster {Dingl. ccxxvii. 179 ; 
Chem, 8oc. J, xxxiv. 628). 

Estimation of Colouring Matter in Paper : Wurster {Dingl. ccxxviii. 168; Chem, 
Soc, J. xxxiv. 823). 

.NH— CO 

PABABAsrZO ACZB, C^IPN^O* « COC I • OxalyUcarhamide, or 

\nh-co 

Oa:a^i-Mrca.--This compound is produced : 1. By the action of phosphorus oxychloride 
on oxaluric acid: 

- H*0 = 


Well-dried oxaluric acid is heated to 200® in an oil-bath with three times its weight 
of phosphorus oxychloride as long as hydrogen chloride is given off ; the residual 
white mass is dissolved in water ; the solution filtered and evaporated to dryness ; 
the residue pressed and dissolved in boiling alcohol ; the alcoholic solution filtered 
and evaporated to dryness ; and the oxalyl- carbamide thus obtained is purified by 
twice recrystallising it from boiling water (Crimaux, Compt. rend. Ixxvii. 1648). 

2. By the action of phosphorus trichloride on a mixture of oxalic acid and urea 
(Ponomareff, Bull. Soc. Ghim. [2], xviii. 97) : 

COOH >NH--CO 

+ I - 2H20 = CO< I . 

COOH ^NH— CO 

3. By oxidising py v u r i 1, 0^H“N‘0®— thodiureide of pyruvic acid — with nitric acid, 
the pyvuril being first converted into mononitropyvuril-monoureide, C‘H*(N0*)N*0*, 
which, when distilled with 2 or 3 pts. bromine and 26 to 30 water, is resolved into 
bromopicrin and parabanic acid : 

C<H»(N0=)N»02 + 6Br + H*0 = 3HBr + C(N02)Br» -i- C»H*N*0» 
(Grimaux, Compt. rend. Ixxix. 1478). 

Parabanic acid separates from aqueous or alcoholic solution in shining lamina 
having a sour taste ; it may be heated to 200® without alteration, but at higher tem- 
peratures it yields a white sublimate, gives ofiP pungent vapours smelling of cyanic 
acid, and leaves a carbonaceous mass. Its solution is not clouded by calcium acetate, 
but when boiled with potash it gives off ammonia, and if then supersaturated with 
acetic Jic.id, it gives a copious precipiUte with calcium salts, 

A hydrate of parabanic atud, is obtained by subjecting 1 pt. uric 

acid to the action of 3 pts. nitric acid of sp. gr. 1*3 at about 60°, and keeping the 
temperature towards the end of the process between 36® and 66° according to the 
energy of the reaction. On subsequently heating the solution to 70°, the hydrate 
separates in largo crystals (Tollons a. Wagner, Liebig^ s Annalcn, clxvi. 321 ; Tollens, 
ibid, clxxv. 227). The same hydrate was obtained by Ponomareff {Bull, ^c. Chim, 
[2j, xviii. 97) by the action of phosphorus trichloride on a mixture of urea and oxalic 
acid. The action begins at ordinary temperatures and is accompanied by rise of tem- 
perature and evolution of hydrochloric acid, and on cooling, the hydrate is obtained 
as a crysbilline mass which dissolves easily in water and crystallises in thin colourless 
prisms. \ 

This hydrate is very stable, sustaining only a very slight decrease of weight when 
heated to 100° ; between 160° and 160°, however, the water is slowly driven off. 
The reddish aqueous solution of the residual dry mass no longer yields largo crystal 
of the hydrate, but the well-known broad needles of the anhydrous compound. The 
hydrate dissolves in water more readily than the anhydrous compound, and is thereby 
distinguished from oxaluric acid, with which it is isomeric (Tollons a. Wagner). 

Salts. The diargentic salt of parabanic acid, obtained by precipitation, was 
described by Liebig a. Wohler (iv. 339), The rmno-argentic salt and the alkali-salts 
have been obtained by Menschutkin {Liebig^s Annalen^ clxxii. 73). On account of 
the ready convertibility of parabanic into oxaluric acid, the preparation of these salts 
succeeds only under peculiar conditions. The ammonium salt is obtained as a white 
bulky crystalline precipitate on adding alcoholic ammonia to a solution of parabanic 
acid in absolute alcohol. Gaseous ammonia 's but slowly absorbed by parabanic acid. 
The salt is very easily decomposible, and in aqueous solution is converted, even at 
ordinary temperatures, and more quickly during evaporation by heat, into ammonium 
oxalurate. When heated for six or eight hours to 100° in a sealed tube with 
alcoholic ammonia (absolute alcohol saturated at ordinary temperature with ammonia 
gas), it is converted into oxalur amide. The same result is obtained by merely 




,NH-CO 
!0 


.NH-Ci 
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heating parabanic acid vith alcoholic ammonia, just as aniline parabanate is conFeited 
into phenyl-oxaluramide (iv. 339). The fotamum salt is obtained as a light white 
precipitate on adding rather less than the theoretical quantity of potassium ethylate 
(solution of potassium in absolute alcohol) to a solution of parabanic acid in absolute 
alcohol. The presence of water (or potassium hydrate) gives rise to the formation of 
ox.*ilurato ; excess of potassium ethylate produces oxalate. Potassium parabanate is 
insoluble in alcohol ; water converts it into oxalurate. The sodium salt is prepared 
like the potassium salt, and exhibits similar properties. The diargentic salt is 
obtained as a crystalline precipitate having the composition C’N*Ag*0’ + H*0, on 
adding silver nitrate to a solution of parabanic acid or of ammonium parabanate. 
[Liebig a. Wohler obtained it anhydrous by precipitating the aqueous acid with silver 
nitrate ; Strecker obtained it as a hemihydrate, 2C*N'‘‘Ag‘0* + 11*0, on mixing the 
aqueous iicid with silver nitrate and a little ammonia (iv. 339).] The mono-argentic 
salty C®N*HAgO*, is obtained as a crystalline precipitate on adding silver nitrate 
(1 mol.) to a recently prepared solution of potassium parabanate, treating the result- 
ing precipitate, after washing, with a quantity of nitric acid not suiiiciont to dissolve 
the whole of it, and mixing the warm solution with ammonia ; also by mixing the 
aqueous solutions of 2 muls. parabanic acid with 3 mols. silver nitrate, removing the 
diargentic salt formed at the same time by filtration, precipitating the w'ami mother- 
liquor with ammonia, and purifj’ing the precipitate as above. The salt thus produced 
is sometimes anhydrous, sometimes conbiins 1 mol. IPO ; in the latter case it is iso- 
morphous with silver oxalurate, from which, however, it differs by being less soluble 
in water, and by being converted into the diargentic salt when its solution in nitric 
acid is mixed with silver nitrate and ammonia (Menschutkin). 

Metbyl-paraHaiiio Acid, C*N*II(Cn*)0*, is best prepared by heating 
methyl-uric acid with 5 or 6 pts. of nitric acid, sp. gr. 1'30, till the liquid is no 
longer coloured by ammonia. The excess of acid is driven off by heat, and the residue 
diluted with a little water is exhausted with ether, which on evaporation leaves the 
methyl-parabanic acid as a residue which soon crystallises in translucent prisms, to 
be purified by pressure and rccrystallisation. The same compound is formed by the 
jwolonged action of boiling nitric acid on methyl-alloxan (H. Hill, Ber. ix. 370). 

>N(CH»)— CO 

Blmethyl-parabanlo Add, C*N*(CH*)*0’ = CO< I (also called 

\N(CH»)-C0 

cholesirophaney i. 926 ; iv. 340), is produced by heating the dr^ silver salt to 100® 
with methyl iodide, also by the action of chlorine or nitric acid upon caffeine. It 
crystallises from hot alcohol in prisms melting at 15o’5® ; it also sublimes and distils 
at 275*-277^i apparently without decomposition. Alcoholic ammonia converts it into 
d imethyloxaluramide, which melts with decomposition at 225®, and dissolves 
but sparingly in alcohol even at the boiling heat : 


< N(CH»)-CO 

1 + NH* 

N(CIP)-CO 




.NH(CH») 

‘N(CH*)-CO-CO— NH* 


Dimethyl -parabanic acid is not attacked by acids, but is completely decomposed by 
alkalis (Menschutkin, Liebig's Annaleiiy clxxviii. 201). 


Constitution of Parabanic acid , — The conversion of parabanic acid into 
oxalnric acid by assumption of w’ater, and its .'synthesis from oxalic acid and urea 
(p. 1483), prove beyond doubt that it is an anhydride intermediate in composition be- 
tween the two last-named substances, or, in other words, an anhydride of oxaluric acid, 

< NH*— CO.OH 

I . These considerations however do not suffice for the complete 
NH— CO 


establishment of its constitution; for oxaluric may lose a molecule of water in 
several different ways, leading.to as many different constitutional formulse, of which 
two at least may be regarded as equally well entitled to represent the constitution of 
parabanic acid, viz. 



The first of these, which is the usually accepted formula of the acid, differs from all 
the rest in having its two hydrogen- atoms symmetrically attached to the two nitrogen- 
atoms, and its correctness may be tested by an examination of the products of decom- 
position of dimethyl-parabanic acid under the infiuenco of adds. For, if each of the 



1485 


PARA-DERIVATIVES, AROMATIC. 


two methyl-groups in this compound is attached to a nitrogen-atom as above repre- 
sented, it must be resolved by assumption of the elements of water into oxalic acid, 
carbon dioxide, and methylamine, 


^N(CH»).CO 

1.I30 


+ 3H*0 = 2N(CH‘)H» + C*H*0* + CO», 


whereas the unsymmetrical formula, would require the formation of a 

mixture of ammonia and climethylamine, and all the other possible formulae would 
imply the formation either of pure ammonia or of a mixture of ammonia and methyl- 
amine. Now it has been shown by A. Calm {Ber, xii. 624) that dimethyl-parabanic 
acid heated to 200" with hydrochloric jicid is actually resolved into CO'**, oxalic acid 
and pure methylamine : hence the first of the two formulae above given for parabanic 
acid may be regarded as established. 


PA&ABVSZXrS. 8eo huxiNE (p. 365). 

P ABAC AMPHORIC ACZD. See Mrsocamfhobic acid (p. 1286). 

PABACOmc ACXD, This acid, isomeric with citraconic, itaconic, 

and mesaconic acids, is formed by abstraction of HCl from itamonochloropyrotartaric 
acid (vi. 760), and may bo regarded as an anhydride of itamalic acid, : 




coon 

OH 

COOH 


Itamalic acid. 


(CO 

I 

I COOH 

Faraconic acid. 




(Swarts, Bull, Acad, royal Belgique [2], xxxiii. No. 1 [1872] ; Jahresh, f, Chem, 
1873, 685), 

PABACOTOilxr. A constituent of Coto-bark (p. 573). 

PABACBTUC ACZB. See Diacbtlic acid (p. 46). 

PARACTAZroCARBOirzC ACZB. Seo Oyanocarbonic Compounds, Poly- 
meric (p, 618). 

PABA-BBBZVATZVBS, ABOMATZC. Paraldehydosalicylic acid. 
See Benzoic acids, Aldriiydo-oxy- (p. 288). 

Parahensoyl-hemoic acid. See p. 310. 

Parahemoyl^henzyl Chloride^ Parahenzoyl-henzylene Bichloride 
and Parahenzoyl-hemenyl Trichloride. See Tolyl-phbnyl Ketones 
(p. 1155). 

Parahenzoyl-toluene, C®.CH*.H.H.C^H*O.H®, obtained by distilling a mix- 
ture of calcium paratoluate and benzoate, and fractionating the product, is a 
slightly coloured fri^rant oil, boiling at 310°-312°, and gradually crystallising when 
left at rest. By oxidation with chromic acid it is converted into parabenzoyl- 
beiizoic acid (Radziszewski, Ber. vi. 810). 

Parahromacetanilide, C®.NH(C'“H*0).H.H.Br.H*, prepared by treating para- 
bromaniline with excess of acetyl chloride, washing the product with water, and re- 
crystallising from alcohol, forms largb, many-faced prisms, sometimes perfectly trans- 
parent and colourless with a vitreous lustre, sometimes opjiquo and white with 
nacreous lustre. It is moderately soluble in alcohol, nearly insoluble in cold water, 
slightly in hot water. Melts at 165*4° (Komer, Gazz. chim, ital. 1874, 329). 

Parabromaniline, C®.NH*.H.H.Br.H®. See Benzenes (Bbomamido-), p. 193. 
This base is resolved by distillation into [1 ; 2 : 4] dibromaniline, melting at 79*5°, 
and tribromaniliue, C“.NH'‘*.Bp.H.Br.H.Bp, melting at 117° (E. Buchner, Ber, 
viii. 361). 

Parahromohenzyl Compounds, Parahromohenzyl alcohol, C*H*Bp.CH®OH, 
is most easily prepared by boiling parabromobenzyl bromide with water for some 
days, in a fiask with reversed condenser. It is also obtained by heating parabromo- 
benzyl acetate to 150°, with aqueous ammonia. It forms long, colourless, elastic, flat 
needles, having a fine nacreous lustre and unpleasant odour, melting at 69°, and dis- 
solving easily in boiling water, alcohol, ethoj, benzene, and carbon disulphide. 

The acetate, formed by heating the bromide with sodium acetate in alcohol, decom- 
poses when distilled, and has not yot boon obtained pure. 

The cyanide, C*H*Br.CH^CN, is obtained by boiling the bromide with alcoholic 
solution of potassium cyanide. It is a crystalline body of strong disagreeable odour. 
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melting at 46^, and dissolving easily in alcohol, other, benzene, glacial acetic acid, and 
carbon bisulphide, but not in water. 

The thiocyanate, formed by boiling the bromide with potassium 

thiocyanate, crystallises in needles, melting at 25°, and dissolving very easily in 
alcohol. 

Farahromalphatoluic acid, C*H%.CH*.COOH, formed by heating the above 
cyanide to 100°, with hydrochloric acid in sealed tubes, crystallises in lung w'hite 
needles, which melt at 114’5®. It decomposes carbonates very slowly, but dissolves 
readily in ammonia and soda-ley, forming salts. By oxidation with chromic acid it is 
converted into parabromobenzoic acid. The ammonium salt forms precipitates with 
mercuric, mercurous, ferrous and lead salts, but not with salts of aluminium, 
chromium, zinc, cobalt, nickel, or magnesium. 

Parabromobenzyl bromide reacts with ammonia at ordinary temperatures, forming 
triparabromobenzylamine, (0®H^Br0H'‘*)*N, and the corresponding hydrobro- 
mide. (C®H^BrCH“)*N.HBr. The base crystallises from alcoliol in needles melting at 
; the hydrobromide is deposited from the alcoholic liquid in which it is formed, 
in white nacreous scales melting at 270°, insoluble in water and in alcohol, but easily 
soluble in ether (Jackson a. Lowery, Jfer. ix. 1209). 

Parahromometahronwhensoic acid, C*.CO'*H.H.Br.Br.Tl*. See Benzoic acids, 
Dibhomo- (p. 261). 

Parahromorthonitraniline, C*.NH*.NO*.H.Br.H-. See Benzenes, Nitrobuomamido- 

(p. 200). 

Parahr<mparanitrodiyh€nyl, C'*H®Br(NO*), m. p. 173° ; b. p. above 360°. See 
Difhenyi. (p. 661). 

ParahuienylanisoU, C“H*<0 = C«nXOCH»).Cn=:CH.CH2 CIP. Thisappears 
to be the compound formed, with separation of CO-, by heating methyl-paraoxy- 
phenylangelic acid, (Perkin, p. 605). 

Taraohl or acetanilide, C**.NH(C®II*0).H.H.CJ.H“, obtained by the action of 
acetyl chloride on parachloraniline, crystollises from acetic acid in long needles melt- 
ing at 1 72*6°. Treated with a mixture of nitric and sulphuric acids, it yields a nitro- 
derivatire convertible by sodium carbonate into parachlororthonitranilino, 
C*.NH*.NO*.H.Cl.H* (p. 202), (Beilstein a. Kurbatow, Ber. vii. 1760). 

Parachloramidotoluene, See Toluidines. 

Vat 4ehlorobenz amide tind Anilide. See Benzoic acids, Chloeo- (p. 262). 

Paracy ananiline, C®.N1PH.H.CN.]P, is formed by heating para-uramido- 
benzoic acid : + CO- + H-0, and crystallises in small white shining 

prisms melting at 86° (Gricss, Ber. viii. 860). 

Paradiphenyl-henzene. See Diphknyl-benzknk (p. 665). 

Paradiphenyl- carboxylic acid or Paraphenyl-bensoic acid, 
C«.CO*H.H.H.C«U®.H= (p. 667). 

Paradinitrophenyl-nitranilines, NH(C®H*NO-)[C®Il*(NO*)*]. See Ben- 
zenes, Nitbobbomamido- (p. 199). 

Parabromosalicylic acid and Aldehyde, See Tolcic (Hydboxt-) acid and 
Aldehyde. 

Parahydrazoxydiidobenzene. See Parazoxydiidobrnzrnk (p, 1487). 

C®.NH(C*IPO),H.Ji.I.H*, is formed as a dark crystal- 
line precipitate by heating acetanilide with 1 mol. iodine chloride. It dissolves easily 
in hot water, and crystallises therefrom in white rhombic plates ; dissolves also in 
alcohol and in glacial acetic acid ; melts at 181 *5°. On boiling it with hydrochloric 
acid and treating the resulting salt with ammonia, para-iodaniline melting at 60° is 
obtained. 

Para-iodacetanilide is decomposed by strong nitric acid, with separation of iodine ; 
but when its solution in glacial acetic acid is treated with nitric acid, para-iodo- 
nitranilide, C®H®I(NO'‘*)(NH*), is formed, which crystallises from alcohol in orange- 
yellow needles melting at 122°, slightly soluble in water, more freely in alcohol and 
glacial acetic acid. It does not unite with hydrochloric acid (Michael a. Norton, 
Ber. xi. 107). 

Para-iodobenzyl Compounds {'BLehety a. Jackson, Ber. xi. 65-58). — Parn- 
iodobenzyl bromide, C®H®I.CH®Br = C®.CK®Br.H.II.I.H*, formed by the action of 
bromine on para-iodotoluene at temperatures above 115°, crystallises in white flat 
needles, having an aromatic odour, and molting at 78*75°. It sublimes in needles, 
and dissolves in hot alcohol, ether, benzene, and carbon bisulphide, but not in water. 

Para-iodohenzyl alcohol, C®H®I.OH‘OH, produced by boiling the bromide vith 
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water, forms white silky scales of unpleasant odour, melting at 71*76^ and dissolving 
easily in alcohol, ether, benzene, and carbon bisulphide ; sparingly in water. 

^ara-iodobemyl cyanide^ C®H^I.CH*ON, crystallises from alcoholic solution in 
white pearly lamins, which melt at 50' 6°, and resemble the preceding compounds in 
solubility. 

JPara-iodoalyhatoluic acid, COOH, obtained by heating the nitril at 

100° with fuming hydrochloric acid, forms white pointed plates, of agreeable odour, 
melting at 136®, and subliming at a somewhat higher temperature. By oxidation 
with chromic acid it is converted into para-iodobenzoic acid, ltss^7v^sa//crysbllli8es 
from solution in boiling water in brilliant plates, easily soluble in dilute nitric acid. 
The barium and calcium salts form easily soluble white needles. The zinc and mag- 
nesium salts are crystalline, and sparingly soluble. Precipitates are produced by an 
ammoniacal solution of the acid in solutions of cupric sulphate, lead acetate, mer- 
curous nitrate, aluminic and ferric chlorides, and nickel nitrate. 

Para-iodahenzylamines. — The bromide, when heated with alcoholic ammonia, yields 
a bulky precipitate, which is resolved by crystallisation into the two following bodies 

1. Tri-paraiodobenzylamine, (C®H'1.CH2)^V, the loss soluble product, crystallises 
in white needles, melting at 114'5®, and dissolving easily in ether, benzene, and 
carbon bisulphide. It forms with platiuic chloride yellow needles of the salt^ 
[(C'»Ha.CH''')>NH]-*PtCl«. 

2. Li-faraiydohenzylamme, (C*H^I.CH*)2NH, the more soluble product, forms 
white needles, melting at 76°. It forms with hydrochloric acid a salt, crystallising 
in thick white plates, of very high melting-point, easily soluble in carbon bisulphide 
and glacial acetic acid. The platinochloride, [(C“H*lCH*)“NH*pPtCl®, forms pale- 
yellow crystals. 

Para-iodohenzyl thiocyanate, 0“1I^I.CH-.SCN, formed by the action of the bromide 
on potassium thiocyanate, crystallises in long white plates of pleasant odour, melting 
at 40°. It dissolves easily in ether, benzene, carbon bisulphide, and gladal acetic 
acid ; sparingly in alcohol. 

12 5 

Paraldehydosalicylic acid, C®.CO*lI.OH.H.H.COH.H. See Bknzoic acids 
(Aldehydo-oxy), p. 288. 

Parallyl-anisoil, or Aneihol, C®.OCH®.H.II.C*HMI2, is formed, with evolu- 
tion of CO’, by the action of heat on methyl paraoxyphenylcrotonip acid, 
C«.OCH* H.H.C’H ‘(COnO.ir (Perkin, p. 506). 

P at a-nitr aniline, C®.NH“.H.H.NO*.H®. See Benzenes (Nitramido-), p. 198. 

Paraoxybenzoic acid and Aldehyde (pp. 285, 304, 1469, 1465). 

Paraoxybenzyl Alcohol, C®. See Oxtbrnztl Alcohols 
(p. 1468). 

Parapicrylnitr anilines and Parapicrylmetapicrylamine, See Ben- 
zenes (Nitramido-), p. 199. 

Parasulphamine-benzoic or Parasul^hobenzamic acid, 
C®H^(SO*NH*)COOH. See Benzoic Acids (Sulpho-), p. 294. 

Parasulphobenzin. See Phenyl Sulphide. 

Parasulphobenzicarboxylic acid, C®H®(SO*)(C®H^)(CO*H). See Sulphones. 

Parasulphobenzoic acid, C*.CO*H.H.H.SO*H.II‘*. See Benzoic Acids 
(Sulpho-), p. 293. 

Parathiobenzoaie, Tolylic, C’H*O.S.C’H’. See Thiobknzoic Acid. 

Pa rato ly I, See Tolyl, 

Paravinyl-aniso'il, C®HXOCH*)(C*H*), is produced, with evolution of CO*, by 
the action of heat on methylparaoxyphenylacrylic acid (p. 504). 

Para-xylene, See Xylene. 

C®H®I-Nv 

Parazoxydiiodobc7izene,Cl^^'R^1^0^'* » I yO, is formed by heating 

C®H®I-N^ 

10 pts. pariodonitrobenzone, m. p. 171®'172® (vi. 269), with 16 pts. potassium 
hydroxide and 100 pts. alcohol. It crystallises in light yellow plates and scales, 
melts at 199® to 199'6®, is insoluble in cold alcohol, slightly soluble in hot alcohol, also 
in glacial acetic acid and in ether, easily in benzene, nitrobenzene, and carbon sul- 
phide. Heated for an hour to 100° in a sealed tube with alcoholic ammonium sulphide, 
^ C®H^I-NH 

it is converted into parahydrazodiiodobenzene, | , which crystaUises 
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in white or slightly yellow laminae or flat needles, easily soluble in alcohol, glacial 
acetic acid, benzene, and nitrobenzene ; melts at a temperature above 100°. By boiling 
with hydrochloric acid it is decomposed, with separation of iodine. Its dcoholic 
solution, treated with ferric chloride or boiled with animal charcoal, yields parazodi- 
C«Ha— N 

iodobenzene, 11, which crystallises in reddish scales, slightly soluble in 

C«IPI— N 

alcohol and glacial acetic acid, easily in hot benzene, nitrobenzene, and carbon sulphide, 
melts at 237°, and volatilises at higher temperatures, leaving a trace of charcoal. 
The same compound is obtained by dissolving parazoxydiiodobenzene in strong 
sulphuric acid, and separates on cooling in brown needles having a steel-blue lustre, 
while immersed in the liquid (Gabriel, Ber, ix. 1405). On the corresponding meta- 
compounds, see p. 1287. 

PARABZOZTOOlSirzxr* One of the numerous substances obtainable, according 
to Schmiedeborg (Pkarm, J, Trans. [3], v. 741), from Digitalis. 

PABADZPZC ACZD, and PARADZPZMAZiZC ACZD, 

See Acutlic Acid (pp. 46, 47). 

PABAPFZWS, On Paraffins from Petroleum, see Petbolkum. 

The several paraffins, Methane, Ethane, Propane, Butane, Pentane, Hexane, and 
Octane, are described in their alphabetical places. 

On heptane, G’H'^ from Pennsylvanian petroleum and the alcohols derived from 
it, see p. 1024. 

Heptane from Pinus sahiniana. This tree, which is indigenous in California, 
and is known locally as the Nut Pine or Digger Pine, yields, when incisions are made 
in its bark, a terebinthinate from which, by distillation, an oily hydrocarbon is 
obtained, known in San Francisco as an article of commerce under the names of 
abietene, erasine, anrantine, theoline, &c., and used as a substitute for bonzolin or 
petroleum-benzene for removing grease-spots, paint-stains, &c., from clothing. It is n 
nearly colourless, mobile liquid having a strong aromatic odour, recalling that of 
orange-oil, and diflfers greatly in most of its physical properties h‘om the terpenes 
obtained f^m most coniferous trees, boiling, aller rectification, at 101*^. and having a 
sp. gr. of 0*694 at 16*5°, whereas oil of turpentine boils at 160°, and has a sp. gr. of 
0*840 at about the same temperature (W. Wenzoll, Phann. J. Trans. March 30, 1872). 

This hydrocarbon has been further and very carefully examined by T. E. Thorpe 
(Chem. 8oc, J. xxxv. 296), who has shown that it consists of normal heptane, 
CH*.(CH*)*.CH*. It affords the first instance of a paraffin playing tlie part of 
turpentine-oil in the vegetable kingdom, the only natural sources of heptane hitherto 
known being petroleum, and some of the fossil-fish oils obtained from Greenland, 
Switzerland, and other places. 

The crude oil when distilled began to boil a little below 100'^, the greater pjirt 
distilling below 101°. The residual portion darkened slightly, and left on evaporation 
a small quantity of brown resinoid matter having in a very high degree the peculiar 
smell of the oil, indicating that the odour of the crude oil might bo duo in great part 
to the resin in solution ; and this proved to be the case, for on agitating the oil with 
strong sulphuric acid, the acid became brown, and the liquid when again distilled was 
found to have lost the smell of orange oil. 

The pure oil boils at 98*42° under a pressure of 760 mm. Its sp. gr. in the state 
of vapour is by experiment 49*94; by calculation 60*07 (H= 1) ; in the liquid state 
0*70057 at 0°. Its rate of expansion by heat id represented by the formula : 

1 + 0*00121023 ^ + 0*00000111331 ^2 + 0*00000001174 


whore t is the temperature reckoned from 0°. 

The volume at 0° being 1, that Jit the boiling point is 1*14111 : hence the sp. gr. 
at this temperature is 0*61393, which gives for heptane the specific volume 162*54. 
Kopp’s values (C= 11 ; H = 5:6) gave the number 165. 

The refractive index of the heptane for the line D, determined by the method of 


minimum deviation is 1*3879. Its specific refractive energy, where d is the 

d 


density of the liquid at 17*6°, is 0*665 ; whence the molecular refractive energy is 
56*4, a value agreeing closely with the computed number 56*8 deduced from Landolt’s 
data, C = 5, H = 1*3. > 

The heptane is slightly active to polarised light, producing in a column 200 mm. 
long a deviation of 6° 9'. 

On the viscosity and surface-tension of the liquid, see the original paper (pp. 302^ 
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A comparison of the sp. gr. and boiling point of the heptane from JPinus sabiniana, 
with those of normal heptane from petroleum and of heptane obtained by heating 
azelaie acid with caustic baryta, yields the following results : 


Boiling point . 
Sp. gr. at 0° . 


Normal Heptane 
from Petroleum 

. 98®-98-6° 
(bar. 760*3 mm.) 
. 0*7301 


Heptane from 
Azelaie add 
98®-99« 


Heptane from 
P. Subiniatia 
98*42'’ 


0*7000 0*70057 


With the exception of the higher sp. gr. of the petroleum heptane, which is at 
present unaccountable, these values point to the conclusion that the heptanes from 
these three sources are identical. 

Solid Paraffins. Occurrence in Lava.— A. lava from Patern6, at the foot of 
Etna, was found by 0. Silvestri (Gazz. ckim. ital. 1877, 1) to contain a petroleum 
(1 per cent, of the rock) yielding 42*79 per cent, of solid paraffin, together with 
17*97 per cent, of a liquid hydrocarbon boiling at 280®, 31*95 per cent, of another 
boiling at 280®-400°, together with 2*90 per cent, asphalt, 12 ash, and 4*39 sulphur. 

Purification. — Fordred {Monit. scietvt. [3], iii. 826) purifies crude paraffin by 
melting it, leaving the mechanical impurities to settle down to the bottom of the liquid 
mass, and then transferring it to small vessels to cool. The cakes are next warmed 
again till they become kneadable, and in this state the paraffin is finally washed with 
a solution of 10 pts. soft soap in 90 water, and heated to about 38® C. The colouring 
matters, and any oils that may be present, are transferred by this treatment to the 
soap-water, and the solid paraffin comes out purified and bleached. 

An apparatus.for decolorising paraffin by means of pulverised animal charcoal is 
described by L. Rahmdohr {Dingl. pol. J. eexvi. 244). 

On the Estimation of Parafiln in Stearin-candles, see Donath {Dingl. pol. J, ccviii. 
305 ; Cliem. Soc. J. xxviii. 1058). 

Specific Gravity. — The sp. gr. of |»raffin in the solid and fused states has been 
determined by Albrecht {Dingl. ccxviii. 280), with the following results : 



Molting 

Specific gravity i 


point 

at 17° 

at 65° 

at 600-660 

Solar oil and Paraffin . 

38® 

0*872 

0*779 



Secunda Paraffin 

43 

0*883 

0‘788 

— 

Sccunda Press-paraffin 

43 

0*889 

0*785 

— 

Secunda Paraffin 

46 

0*887 

— 

0*781 

Prima Press-paraffin , 

47 

! 0*900 

— 

0*775 

Hard Paraffin .... 

51 

1 0*908 

— 

0*776 

56 

i 0*912 

— 

0*777 


These numbers show that paraffins expand considerably in melting. Albrecht 
also observed that solutions of paraffin in mineral oils have lower specific gravities than 
either the oils and the paraffins separately, so that in selecting for technical purposes 
lubricating oils of as great a density as possible, it is best to take paraffin oils from 
which ^e greater part of the solid paraffin has crystallised out. 

Oxidation. — When paraffin is exposed for some time at 120® to a stream of air or 
oxygen, an absorption of that gas takes place. The same action takes place with coal, 
and may explain the increase of weight often observed when coal is dried in heated 
air (Jaznnowitsch, Her. viii. 768). 

Q-. Pouchet {Compt. rend. Ixxix. 320) finds that paraffin (m. p. not stated), treated 
with fuming nitric acid at a temperature not exceeding 110®, till it assumes a buttery 
consistence, yields a product from which water extracts butyric, valeric, caproic, 
oenanthylic, caprylic, capric, and suberic acids, together with nitrated fatty acids, 
chiefly nitrocaprylic and nitrocapric. When a mixture of sulphuric and nitric acids 
is used, the product yields to water nothing but suberic acid, and a peculiar deli- 
quescent crystalline acid soluble in water and alcohol, while the portion insoluble in 
water consists of a solid ticid called by Pouchet paraffinic acid, which, when purified 
by saponification, &c., lias the composition whence it may be inferr^ that 

the particular paraffin operated on consisted of Paraflinic acid is described 

as a whitish-yellow solid, smelling likb wax, easily decomposed by heat, and burning 
with a bright smoky flame ; insoluble in water, moderately soluble in dilute, easily in 
strong alcohol, also in ether, chloroform, benzene, and petroleum, and separating from 
the alcoholic solution by slow evaporation in nacreous laminae. Nitric acid converts 

VoL. VUI. 6 D 
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it into Buberio acid and nitro-deiivatives of fatty acids. Heated with potash lime, it 
yiel^ paraffins, solid and liquid, together with olefines. 

Gill a. Meusel, by oxidising paraffin (m. p. 66^) with chromic acid mixture, obtained 
cerotic acid (vi. 421). This acid was not observed by Pouchet amongst the products 
of oxidation with nitric acid. 


Nitboparaffins. 

iritrometbane* CH*NO^. This compound, already described in vol. vii. p. 893, 
has been further examined by Preibisch {J. pr, Ckem. [2], vii. 480 ; viii. 309). In 
preparing it by heating potassium monochloracetate with potassium nitrite (Kolbe’s 
method), the result is the same whether the solutions are concentrated or dilute, the 
only difference being that in the latter case the liquid does not froth so much. 
Among the secondary products ammonium carbonate was found, the presence of which 
caused the blackening of the liquid and the loss of nitrumethane. 

Dry ammonia does not act on nitromethane, but aqueous ammonia dissolves it, the 
liquid soon darkening, and carbon separating out. When a little water is added to a 
mixture of alcoholic ammonia and nitromethane, and the solution is evaporated under 
the exsiccator, a small quantity of fine brownish needles is obtained, which soon 
undergo complete decomposition, even if kept in a closed tube. Nitromethane, heated 
with iron-filin^St acetic add, and water, is converted into methylamine. 

The sodium-compmmd, CH'^NaNO-, is conveniently prepared by precipitating an 
alcoholic solution of nitromethane with alcoholic soda, and washing the precipitate 
once with alcohol on the filter-pump. In the moist state it soon turns yellow, and it 
is therefore advisable to use only a small quantity of nitromethane for each operation. 
With an alcoholic turmeric solution it produces a deep-red colour. Sodium-nitro- 
methane acts violently on acid chlorides, but no definite compounds could be obtained; 
neither was an isomeride of nitrotoluene formed by acting on it with bromobenzene. 
Chlorine and bromine do not act on nitromethane, even in sunshine, whereas by 
leaving it in contact with a mixture of nitric acid and sulphuric acid for some weeks, 
a body was formed exploding most violently on distillation. When nitromethane is 
mixed with bleaching powder and a little water, a brisk evolution of gas sets in, and 
chloronitromethane, CH*C1 NO'*, distils over. This compound boils at 98® and 
has a very pungent and irritating smell. The corresponding bromine-compound could 
not be obtained in the pure state. Nitromethane is not acted upon by phosphorus 
pentoxide, or by concentrated sulphuric acid ; but, on heating it gently with fuming 
mlphuric add, a violent reaction sets in, carbon monoxide and sulphur dioxide being 
given off, and hydroxylaminesulphate produced : CH®N 0* = CO + N IPO (p. 1 074). 
Heated with hydrochloric acid (sp, gr. 1-14), best in a sealed tube at 160°, it yields 
hydroxy lamino and formic acid, CH*N0* + H*0 = NH*0 + CH®0* (Moyer a. 
Locher, Ber, viii. 219). By heating with an alcoholic solution of caustic soda, nitro- 
methane is converted into the sodium salt of methazonic acid, C*IPN“0® (.p. 1301.). 

Oh mono-bromonitromethane, formed by the action of bromine on sodium-nitro- 
methane, and dibromonitromethane, product from it by the action of bromine and 
potash-ley, see Tscherniak (vii. 894). 

Wltroetbane, C^H^NO^. This compound, gently heated with fuming sulphuric 
acid, is converted into ethylene-disulphonic acid, C*H*(SO*n)*, (p. 756). Hy^ 
drochXcfric add, of sp. gr. 1*14, acts upon it in the same manner as on nitromethane, 
yielding hydroxylamine and acetic ac.t'd. According to Werner (Jen. Zdtschr. 
[2], iii. 2n^ Sup^p,. 70), the same reaction is also produced by sulphurous acid. 

When potassium nitro-ethane, C'‘‘H^K(NO*), is added to solution of diazobenzene 
nitrate (obtained by adding nitraniline to a dilute solution of potassium nitrite, and 
filtering from a yellow insoluble compound formed at the same time), a yellow acid 
body is precipitated having the composition C"H*N^O^ = C*H*NO*.N*C*H*NO'''. This 
body forms^ when pure, a yellow powder soluble with red colour in alkalis, and easily 
soluble in hot alcohol. The sodium salt is sparingly soluble in water ; its solution 
gives coloured precipitates with silver, copper, and lead salts. When treated with tin 
and hydrochloric acid, the acid yields a body which forms with stannic chloride a crys- 
talline compound agreeing in composition with the formula C*II*®N^Cl‘*.SnCK The 
fonnationof this body may perhaps be represented by the equation C"H*N<0<+H*^ + 
2HCl = 4H*0 + C“H»WCl*(Hallmann, Ber. ix. 389). 

When diazohromobenzene nitrate (o|;ttained by adding potassium nitrite to a solution 
of parabromaniline in nitric acid) is mixed with potassium-nitroethane, a precipitate 
is formed, having the composition C*IDBr.N*.C*H*(NO*)K. This salt separates from 
alcoholic solution in shining brick-red crystals soluble in ether, chloroform, &c., melt- 
ing with decomposition at 136°-138°. Its solution gives with cupric sulphate a 
greenish- yellow precipitate, with lead acetate a light red precipitate, and with silver 
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nitrate a precipitate of a deep orange colour soon turning black (H. Wald, Ber. ix. 
393). 

On Bfcmo- and Bihrommitroethane^ see vii. 805. 

Dinitroethane, C*H«(NO=«)*-CHs.CH(NO*)* (E. ter Meer, Ber, viii. 793, 1080). 
The potassium-derivative of this compound is formed by the action of potassium 
nitrite and alcoholic potash on monobromonitroethane : 

CH».C(N02)BrH -t- KNO* -h KOH = KBr + ffO + CH*.CK(N02). 

It is best prepared by dissolving 21 grams of monobromonitroethane in twice its 
weight of alcohol, and adding first a solution of 12 grams potassium nitrite in the 
same weight of water, and then gradually 45 pts. of alcoholic potash (1 : 6). After 
standing for one to two hours, the crystals which have separated out are first washed 
with alcohol and ether, and then with water to remove the potassium bromide. On 
adding a dilute acid to the potassium compound, dinitroethane separates out as a 
colourless, very refractive liquid, having a peculiar sweet taste, and a faint alcoholic 
smell. It boils at 185°-186® (cor.), and has, at 23’5®, the sp. gr. 1*3503. It is a 
tolerably strong acid, which even decomposes carbonates, though not readily. The/io^aa- 
siuni scUt forms yellow glistening monoclinic crystals, a : b : c = 0*68124 : 1 : 0*99016. 
It is sparingly soluble in cold water, readily in hot water, and insoluble in absolute 
alcohol ; when exposed to light it acquires an orange colour. The sodium salt is a 
very similar body, but dissolves more freely in water and alcohol. The barium salt 
crystiillises in yellow needles or small plates; and the very explosive silver saXU 
CH*.C(NO*)*Ag, forms small yellow plates having a metallic lustre and dissolving but 
sparingly in water 

The aqueous solut ion of the potassium salt is not precipitated by calcium, barium, 
strontium, •aluminium, cobalt, or ferrous salts. Ferric chloride forms a reddish-brown 
precipitate ; lead acetate a pure yellow crystalline precipitate ; basic load acetate a 
bulky yellow precipitate ; copper sulphate a pale blue : and mercuric chloride a 
light brown precipitate. Mercurous nitrate produces a greyish-black precipitate, 
soon changing into colourless crystals. 

By reduction with tin and hydrochloric add, dinitroethane ought to yield aldehyde 
and hydroxylamine, seeing that dinitropropane, as shown by Meyer {hifra), yields 
by re^luction hydroxylamine and acetone. But only a trace of aldehyde was actually 
obtained, the products being acetic acid, ammonia, and hydroxylamine. This is 
easily explained on the supposition that the aldehyde in the nascent stato is oxidised 
by hydroxylamine, and this was confirmed by experiment. On passing the vapour of 
aldehyde mixed with carbon dioxide into a boiling solution of pure hydroxylamine 
hydrochloride containing a little freshly pn^pared spongy platinum, the hydroxylamine 
was soon reduced to ammonia. The reactions which take place in the reduction of 
dinitroethane may therefore be represented by the following equations : 

(1) . cmc(Noo''U + 4H2 = cH:*.con + 2NH20H + h=o 

(2) . CU^.COH + NU20H = CH».COOH -i- NU». 

MonobroTnodinitroethane, CH®.CBr(NO®)®, is produced on adding bromine-water to 
an aqueous solution of potassium-dinitroethane, and separates as a heavy colourless 
oil having a highly pungent odour. It decomposes when distilled alone, but volatilises 
undecompused with steam. By potash either in aqueous or alcoholic solution, and 
even by potassium carbonaie, it is decomposed, with evolution of oxygen and reproduc- 
tion of potassium dinitroethane : 

CH>.OBr(NO*)’* + 2KOII = CH».CK(NO*)* -I- KBr + II-'O + 0. 

Nitro^allylethane, C*HXC^H*).NO* appears to be formed on adding allyl 
iodide to a solution of nitroethane in a quantity of alcoholic potash sufficient for the 
production of potassium-nitroethane. A brisk reaction then takes place, attended 
with separation of potassium iodide, and the filtrate, when mixed with water, deposits 
an oil which cannot be distilled without decomposition. This oil, reduced with zinc 
and hydrochloric acid, yields a liquid amine which boils at 85°, dissolves in water 
and in alcohol, is separated from thi^ aqueous solution by potash, reacts strongly with 
carbon disulphide, but does not form with it a crystallisable compound. The plati no- 
chloride of this amine crystallises from water in yellow laminae, and gives by analysis 
a quantity of platinum, indicating that the form^da of the amino is Hence 

it is probable that the oily nitro-compound from which the amine is formed is nitro- 
allylethane, C»H®.N02 (h. Gal, Cmnpt. rmd. Ixxvi. 1364). 

Vltropropanes* N ormal ni tropr opane, Cn*.CH®.CH*(NO*), formed by the 
action of propyl iodide on silver nitrite (vii. 895), boils, according to Oahours {Gompt. 
rend, Ixxvii. 749). at 125°-128°, and bums with a yellowish flame. By nascent 

5d2 
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hydrogen it is converted into propylamine ; by alcoholic coda into the sodium salt, 
C’H*Na(NO^), which crystallises in laminse slightly soluble in alcohol. 

Normal nitropropane is decomposed by dilute hydrochloric a/dd in the same manner 
as nitroethane (p. 1490), yielding hydroxylamine and propionic acid. Iso- 
nitropropane, on the other hand, is converted by hydrochloric acid into a black-brown 
greasy substance containing a large quantity of ammonium chloride (Meyer a. Locher, 
Ber. viii. 219). 

On Bromofiitropropancs, see Meyer a. Tscherniak (vii. 896). 

Binitropropane, C®H*(N O'-*)*. Of this compound two modifications are known, 
distinguished as a and 

a-Dinitro]^opane, CH* CH*.CH(NO®)*, is obtained by treating 27 pts. of normal 
monobromonitropropane, ClP.CH^.CHBrNO*, with 27 pts. alcohol and 28 pts. of an 
aqueous solution of potassium nitrite (1 : 1), and immediately adding 54 pts. of 
alcoholic potash (5 : 1), and separating the resulting potassium a- di nitropropane, 
CH*.CII^.C(NO®)’-*K, from the potassium bromide which is deposited at the same time, 
by recrystallisation from hot water. This salt forms light yellow explosive laminae, 
resembling those of dinitroethane, easily soluble in hot water, insoluble in absolute 
alcohol and in ether. On adding it (either pure or in the crude state mixed with 
potassium bromide) to dilute sulphuric acid, a-dinitropropane is obtained as a colour- 
less, nearly scentless oil, having a density of 1*258 at 22*5^, remaining liquid at — 17^, 
and boiling at 189° (corr. 192*5°). It forms coloured precipitates with salts of the 
heavy metals, The siher salt, CH*.CH*.C(NO“)2Ag, forms greenish* yellow explosive 
laminae (£. ter Meer, Ber. viii. 793 and 108u). 

^Dinitropropane, CH*.C(NO*)*.CH*, is obtained by oxidation of propyl -pseudo- 
nitrole, CH*.C(NO){NO“).CH*. For this purpose 2 pts. of dry finely pulverised 
propyl-pseudonitrole are drenched with 16 parte of glacial acetic acid, and 4^ pts. 
chromic acid are added, the liquid being at the same time gently heated, so that the 
reaction-temperature may not exceed 76°. When the action is complete, the mixture 
is poured into water, the acetic acid neutralised with aqueous alkali, and the product 
of the reaction separated either by extraction with ether or by distillation with steam. 
This same compound is produced in small quantity in the decomposition of propyl- 
pseudonitrole by heat. After distillation with steam and drying over calcium 
chloride, it forms dazzling-white crystals melting at 53° ; rt boils without decom- 
position at 185*5°. The crystals sublime below their molting point ; volatilise etisily 
with vapour of water ; deliquesce in alcohol, ether, and glacial acetic acid ; dissolve 
but sparingly in water, and not at all in aqueous allmlis (Meyer a. Locher, Ber. 
vii. 1613). 

mtrobatanes. Normal nitrobutane, CH*.CII*.CH*.CH^NO*), prepared by 
the action of silver nitrate on well-cooled normal butyl iodide, is a colourless liquid, 
lighter than water, distilling without decomposition at 151°~162°, soluble in caustic 
potash. It is easily converted into butylamine by the action of tin and hydrochloric 
acid ; resolved by heating with hydrochloric acid to 140° into hydroxylamine hydro- 
chloride and normal butyric acid ; converted by nitrous acid into normal butylnitrolic 
acid. 

Normal numobromonitrobutane, CH*.CH*.CII* — CHBr(NO'-*), prepared by the action 
of bromine on normal potassium-nitrobutane, is a heavy oil, tailing at 180°-181°. 
The dibrom&iiitrobatane obtained by the aption of bromine on a mixture of normal 
nitrobutane and caustic potash, is a heavy, yellow oil, insoluble in caustic potash, 
boiling at 203°-204" (J. Ziiblin, Ber. x. 2083). 

Normal dinitrohutane, C*H’CH(NO*)*, is prepared by slowly adding dilute sul- 
phuric acid to a mixture of potassium nitrite and normal monubromonitrobutaue dis- 
solved in excess of caustic potash, until a blue colour is produced. Caustic potash is 
then added, the resulting pobissium dinitrobutano acidified witli sulphuric acid, and 
the dinitrohutane extracted with ether. It is a yellow oil, boiling at 190°. but de- 
composed by distillation. The potassium salt forms brilliant golden scales, soluble 
in water and in alcohol. The aqueous solution gives w'ith silver nitrate a precipitate 
of silver-dinitrobutane, which cfin be obtained by recrystallisation in large scales, 
appearing yellow by transmitted and bluish violet by reflected light. 

Normal monobromodinitrobutane, C*H’.CBr(NO*)*, obtained by acting on potas- 
sium dinitrohutane with bromine-w<ater, is an oily liquid, decomposed by distillation 
(Ziiblin, loc. cit.) 

Isonitro butane, (CH*)®CH.GH*(NO*), which Demole obtained by the action of 
silver nitrite on isobutyl iodide, has been already described (vii. 897). Icobromo^ 
nitrobutanCf (CB.^yCH.CRBr(NO'% w a heavy oil, boiling at 173°-175°, and other- 
wise resembling its isomeride. 
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IsodinitrobtUanet (CH*)*CH.CH(NO'^)*, w a yellowish oil decomposing when dis- 
tilled. Its potassium and silver salts crystallise in yellow shining needles. Jso- 
bromodinitrdutanef {CR^y^CR.CBT{SO^y\ is obtained by the action of bromine- water 
on an aqueous solution of potassium-isi^initrobutane, and purified by treatment with 
sulphurous acid to remove free bromine, washing with caustic soda, and distillation in 
a current of steam. It is a colourless vitreous body, resembling camphor in appear- 
ance, having a pungent odour, and melting at 38^. Its potassium salt, treated with 
diazobenzene nitrate, yields imiitrohutyUa^oyhenyl, C«H*.Nz=N.CH(NO*)CH(CH*)*, 
as a yellowish oil, dissolving with yellow-red colour in alkalis (Ziiblin). 

Secondary Nitrobutan e, CH*.CH‘‘'.0H(N02).CH*, is prepared by the action of 
secondary butyl iodide (120 pts.) on silver nitrite (150 pts.), the latter being mixed 
with an equal weight of previously ignited sand. The reaction is attended with con- 
siderable rise of temperature ; normal butylene is given off; and the residual mass 
consists of a mixture of secondary nitrobutane and butyl nitrite, which are but imper- 
fectly separable by fractional distillation. The nitrobutane (not quite pure) thus 
obtiiined is a colourless oil having a peculiar odour, boiling at about 140*", and con- 
verted by repeated agitation with potash and potassium nitrite into butyl-pseudo- 
nit role, CH='.CH^.C(N0)(N0'‘‘).011* (V. Meyer a. Lochor, Ber. vii. 1506). 

Tertiary nitrobutane, (01P)®.C(N0*), is formed in small quantity, together 
with butyl nitrite and oxides of nitrogen, by the action of silver nitrite on tertiary 
butyl iodide. It is a colourless liquid, smelling like peppermint and boiling between 
110" and 130°. Like nitrobenzene, it has no acid properties, the carbon-atom to 
which the NO'-'-group is attached not being also combined with a hydrogen-atoiri. 
Accordingly it does not yield a broino-derivative when treated with bromine and 
potash ; neither is it converted into a pseudonitrolo by treatment with dilute sulphuric 
acid, potassium nitrite, and potash (Tscherniak, Liebig's Anmlcn, clxxx. 155). 


Nitrolic Acids and Psendonitrolcs. 

(1). The nitrolic acids, may be represented by either of the two 

following constitutional fomiulie, in which R stands for n having any integral 

value from 0 upwards : 

(I). (2). E.CO.NH.NO- 

The first of these formube agrees best with the modes of formation of the nitrolic 
acids, the second with their decomposition by heat and by sulphuric acid. 

Nitrolic acids are produced : 1. By the action of nitrous acid, or better of potassiuni 
nitrite and sulphuric acid, on the sodium derivatives of primary nitro-parafhns, or ou 
solutions of these nitro-coinpounds in caustic potash or soda : 

B.CH«.NO* + NO.OH = H*0 + 

2. By the action of the dibrominated nitroparaffins on hydroxylamine : 

R.CBr*.NO' + NH^OH = 2HBr + qh 

(2). Pseudonitrolos, C"n‘"^*.C(NO)(NO’‘^).CPH*p'^*, are formed by the action of 
potassium nitrite on secondary nitro-pj^affins, thus : 

R.CH(NO'^).R' + NO.OK = KOH + R.C(NO){NO0.R'. 

Mefhyl-nltrollo Acid, CH*N*0* = fl(NO*)C=i:N.OH. This acid is very 
unstable in aqueous solution, so that its preparation requires special precautions. The 
following method is given by Tscherniak {Ber, viii. 114) : Nitromethane (15 grams) is 
treated with a quantity of water just sufficient to dissolve it, and the solution is mixed 
with a moderately dilute solution of potassium nitrite (8 grams) and cooled to 0° by 
addition of a large quantity of ice. A mixture of sulphuric acid (4 grams) with a 
large quantity of water is also cooled by ice, and slowly poured into the first liquid, 
to which, thus diluted, weak aqueous potash is first added till it turns red, and then 
again dilute sulphuric acid till the colour disappears. To remove any free nitrous 
acid, the solution is shaken with a little precipitated chalk, after which the nitrolic 
acid is dissolved out by ether, and the solution evaporated over sulphuric acid. 

Methylnitrolic acid thus obtained forms large brittle crystols resembling the ethyl- 
compound ; from a dilute ethereal solution it separates in long needles. It decom- 
poses slowly at ordinary temperatures, rapidly at 64°, into formic acid, nitrogen, 
and nitrogen tetroxide: 

2CH2N20* = 2QmO‘ + NO* -I- N*. 
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By boiling with dilute sulphuric acid, it is resolved into formic acid and nitrogen 
monoxide : 

CH*N*0* = CHW + N^O. 

Btliyliiltrollo Acid, C*HWO* = OH*(NO‘)C:i=N.OH (V. Meyer a. Lochor, Her, 
vi. 1494; Meyer, ibid. vii. 425). The preparation of this compound by the action of 
potassium nitrite and sulphuric acid on an alkaline solution of nitroethano has been 
already described (vii. 564). It is essential that the nitroetliane bo first dissolved in 
the alkali ; for if the nitroethaiie and sulphuric acid be added simultaneously to a 
solution of potassium nitrite, no ethylnitrolic acid will be produced. 

Ethylnitrolic acid cryshillises in light yellow, transparent, highly lustrous prisms, 
very much like saltpetre ; by slow evaporation of the aqueous or ethereal solution it 
is easily obtained in crystals an inch long. According to Kenngott’s measurements, 
they belong to the orthorhombic system, exhibiting the combination ooP.oofoo.Poo. 
The angle of the brachydiagonal prismatic edge is approximately 108° 30'; that oi 
the terminal edge of the transverse dome 47° 30'. The acid has a strong sweet taste 
aud acid reaction. It dissolves readily in all the ordinary solvents, and its difference 
of solubility in cold and slightly warm water is so groat that a solution saturated 
merely at the heat of the hand deposits an abundant crop of crystals a few minutes 
after the hand has been removed. 

The ethyl nitrolates of sodium, potassiiim, ammonium, and barium dissolve in 
water, with a deep red colour, but have not been obtained in the pure state. Water 
is required for their formation, inasmuch as nitroethane dissolves in an ethereal 
solution of ammonia without coloration, but on adding a trace of water, the liquid 
assumes a deep red colour. The action of alkalis on ethylnitrolic acid is so sensitive 
that this acid might be used as an indicator in alkalimetry. The ethylnitrolates of 
the heavy metals are coloured unstable precipitates, very easily changing into nitrites. 
The lead salt has a brilliant orange colour, and the silver salt is egg-yellow. 

Ethylnitrolic acid, heated to 8()°-81°, melts and suffers rapid decomposition, giving 
off nitrogen tetroxidc and free nitrogen, and leaving glacial acetic acid: 

2C2H^NW = 2C‘-n«0^ + N02 + N*. 

The same decomposition goes on slowly at the common temperature, and quickly on 
boiling with an alkali. In these decompositions a small quantity of a white solid, 
containing nitrogen and molting at 61°, is always formed. 

Naiicent hydrogen obtained h'om tin and hydrochloric acid or sodium-amalgam, 
converts the acid into acetic acid, nitrous acid, and ammonia — 

-H H* + H^O = + NO*II -h NH». 

Strong sulphuric acidt when employed in excess in order to moderate the reaction, 
decomposes it into acetic acid and nitrogen monoxide: C-'HWO® « 
C*H<0« + N’'0. 

These decompositions are most readily explained on the supposition that ethyl- 
nitrolic acid contains the radicle acetyl, as represented by the second of the two general 
formulae on p. 93, e^g, 

CH=».CO.NH.NO* = CH’.CO.OH + N*0 
(Victor Meyer, Bcr. vii. 425). 

Propylnltroltc Aold,C«H«N20> = CH*.Q4IXN0*)C=N— OH, maybe prepared 
either by passing nitrous acid into a .solution of nitropropane in potash, and adding sul- 
phuric acid, or by the action of dibromonitropropane on hydroxylamine. Hydroxyl- 
amine hydrochloride (7 pts.), dissolved in a small quantity of water, is decomposed 
with the exact quantity of baryta-water required, and dibromonitropropane (2 pts.) 
prepared from primaiy nitropropane is added to the mixture ; the mass, after being left 
to itself two days at the ordinary temperature and frequently shaken, is acidulated with 
sulphuric acid and agitated .with ether; the resulting ethereal solution is purified by 
mixing it with soda-ley, acidulating with sulphuric acid, and exhausting with other ; 
and the propyl-nitrolic acid which remains after the evaporation of the ether is 
finally purif.^ by once recrystallising it from the same solvent (Meyer a. Locco, Bar. 
ix. 395). 

Propylnitrolic acid Uiystallises in light yellow prisms having a sweet and biting 
taste, easily soluble in whter, alcohol, and ether, coloured deep rod by alkalis, melting 
at 60°, and decomposing ^^t higher temperatures with violent evolution of red vapours. 
"Ry sodium’-amalgam and Heater it is resolved into ammonia, nitrous acid, and 
probably also propionic licid ; by strong sulphuric mrid into propionic acid and 
nitrogen monoxide, wlhen left to itself in a sealed tube it begins to decompose 
in four or five weeks ; on subsequently opening the tube, red fumes escape with vio- 
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lence, and the residual liquid is found to consist of propionic acid. The metallic 
propylnitrolaies quickly decompose in the same manner as the ethylnitrolates, 
yielding nitrites (V. Meyer, Uehi^s Annalen, clxxr. 114). 

Propylpseudonltrole, CH*.C(NO)(NO*).CH*. When an alkaline solution oi 
secondary nitropropane is treated -with potassium nitrite and sulphuric acid, the liquid i 
assumes a fine deep blue colour, and propylpseudonitrolo is separated in the form 
of a \7hite sandy powder. This compound, isomeric with propylnitrolic acid, is in- 
soluble in water, alkalis and acids, not very freely soluble in cold alcohol or chloro- 
form, but readily in the hot liquids, forming blue solutions from which it crystallises 
on cooling. By slow evaporation from the chloroform solution it is obtained in large 
colourless glassy monoclinic ciystals, having the axial ratio a: h : c= 1-2911 : 1 : 
0*6672. It melts at 76° to a deep blue liquid, which solidifies on rapid cooling to a 
colourless mass, but when further heated, is converted, with brisk evolution of gas, 
into an oil which no longer solidifies. When suspended in water it is not acted upon 
by sodium-amalgam in presence cither of acid or of alkali, but in alcoholic solution it 
is decomposed by sodium-amalgam, with decolorisation, and formation of sodium 
nitrite and a white fiocculent sodium-compound. When gently heated with strong 
sulphuric acid, it gives off a large quantity of a gas which extinguishes fiame. It is 
partially decomposed by bcnling water, and when heated with aqueous alkalis it gives 
off nitrogen, and forms a nitrate. By oxidation with chromic acid it is converted into 
dinitro propane, CH*.C(NO*)®.CH'‘ (p. 1492), (Meyer, Liebiy* a A7malent cluxy, 120). 

Butylnltrollc Acid, C^H-N20» = C*H^(NO*)C::iiN.OH, obtained by the action 
of potassium nitrite and sulphuric acid on an alkaline solution of primary nitro- 
butano, is not cry stalli sable, but remains as a syrup on evaporation of its ethereal 
solution. It forms rod alkaline solutions, and yields with silver nitrate an orange- 
coloured precipitate which quickly decomposes with formation of nitrite. By strong 
acid, it is resolved into isobutyric acid and nitrogen monoxide (Demole, Ber. 
vii. 790). 

Butylpseadonltrole, C‘‘*H*.C(NO)(NO*).CH®, is obtained by repeatedly 
agitating secondary nitrobutane with potassium nitrite and potash-ley as long as it 
continues to dissolve, removing the oil (isobutyl nitrite) which floats on the surface of 
the liquid, and mixing the alcoholic solution with dilute sulphuric acid, whereby the 
pseudonitrole is separated as a blue liquid solidifying on cooling to a nearly colourless 
mass which may be purified by triturating it with dilute potash-ley, then washing it 
with water, and dried by aid of heat. Butylpseudonitrole resembles the correspmid- 
ing propyl-compound in its relations to solvents, and in being white in the solid, blue 
in the liquid sUte, but differs from it by melting at a lower temperature, namely, at 
68° (Meyer, Ber. vii. 1506). 


The modes of formation and the colour- reactions of the nitrolic acids and pseiido- 
nitroles may be utilised as a means of distinguishing between primary, secondary 
and tertiary alcohols of the series Since the formation of nitrtvlic 

acids is determined by the presence of the group CH*.NO®, and that of pseudonitroles 
by the group CH.NO*, and consequently the tertiary nitro-derivatives of the fatty 
scries cannot give rise either to nitrolic acids or to pseudonitroles, it follows that the 
three classes of alcohols may be distinguished by the following reactions. A quantity 
of dry silver nitrite, mixed with an equal weight of previously ignited sand, is intro- 
duced into a small disfillation-fiask fitted with a side-tube ; the hydriodic ether of the 
alcohol under examination is then added ; the mixture, after the reaction has beg^n, 
is distilled over an open flame without a condenser ; and the distillate, received in a 
test-tube, is shaken up with potassium nitrite and potash-ley, .and then acidulated 
with dilute sulphuric acid. If no coloration of the mass ensues, the alcohol-radicle 
present is a tertiary, whereas a red coloration indicates the presence of a primary, 
and a blue coloration that of a secondary radicle. The reaction may be recognised 
with groat distinctness with the use of not more than 0*3 to 0*5 grin, of the alcoholic 
iodide (Meyer a. Locher, Ber. vii. 1510). 


PABAaBOBUXinr. See Pbotiuds. 

PABAOVAT TBA or MAXi:. This substance, the produce of the 
Ilex paraguayensia or Ilex MaU of South America, whore a decoction of it consti- 
tutes a favourite drink, has been examined by II. Byasson (Pharm. J. Trana. [3], 
viii. 606). The variety examined was the greenish-yellow powder, which is prepared 
by the natives from the roasted and coarsely-powdered leaves. The analysis was 
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made by mixing the mat6 with lime and successively exhausting the mixture with 
chloroform and alcohol. 100 grams gave : — 

CaiTeine ....... 1*85 

Glutinous substance. &c 3*87 

Complex glucosido 2*38 

Kesin 0*63 

Inorganic salts, including iron . . , 3*92 

Malic acid oot estimated. 

Exhausted with boiling water, the tea gave *24 per cent, dry extract, and 3*92 per 
cent, of ash in the extract, calculated on the mate taken. The ash contained potassium 
carbonate and much sulphuric acid. The tests for tannin and caffetannic acid gave 
negative results. The amount of caffeine is comparable with that in the kinds of tea 
and coffee richest in that alkaloid. 

PA»ABTD3lOCTAirAX.BZirS, The crystalline forms of this 

compound, andiof its isomeride hydrocyanaldino (i. 108), have been examined by 
C. Haushofer {Zeitschr. Kryst, i. 620). Hydrocyanaldine crystallises in the mono- 
clinic system; fl : 5 : c = 2*8727 : 1 : 3*8596 ; angle no =* 52° 28'. Theciystals, which 
are for the most part well developed on all sides, exhibit the combination 
ooP . OP . ooPco . + Poo . — . The orthopinacoi'd faces exhibit striation, 

parallel to the combination-edge with . The crystals do not exhibit any dis- 

tinct cleavage. They are permanent in tne air, and melt at 115®. 

Parahydrocyanaldino forms orthorhombic crystals having the axial ratio al b : 
0*6639 : 1 : 1*8741. Observed combination ooP . oo f*oo . .Poo . OP. ; prismatic in the 
direction of ooP ; more rarely tabular in that of oof oo . Molting point 230°-232°. 

PABAZ80BUT7RZC AZiDSBTBS, This polymeric compound, 

which Barbaglia obtained by the action of chlorine on isobutyric aldehyde (vii. 228), is 
likewise produced by the action of bromine or iodine. Bromine acts best in the form 
of vapour mixed with air. Cyanogen has no effect (Barbaglia, Ser. vi. 1064). The 
samp polymeric modification is produced by the action of phosphorus pontachloride 
on isobutyric aldehyde, its formation in this case being pi'obably due to the small 
quantity of hydrochloric acid formed from the pentachloride by the action of moisture, 
for strong sulphuric acid and gaseous hydrogen chloride likewise bring about the 
polymerisation ; on bringing the substances together great heat is evolved, and the 
liquid solidifies on cooling to a crystalline pulp of slender needles (Demtschenko, ibid. 
1176). It melts at 60°, resolidifies at 50°-51°, and is not altered by heating to 200° 
in a sealed tube for 15 hours, or by dry chlorine, bromine, or iodine (!lforbaglia). 
Boils at 194°. Crystallises in needles from water, and on sublimation (Demtschenko). 

PASABAGTZe ACZB. See Lactic Acids (p. 1160). 

PARAZiBirMZV. SeePnoTEiDS. 

PABABBOB. See Aldol (p. 54). 

PABAMOBZPr. See Mokut (p. 1336). 

PABA-BTUTS. These nuts contain crystallised vitellin. See Pboteids. 

PABZCZVB, C'*H‘"N-0. This alkaloid, rfeurring together with quinamine in 
the bark of Cinchona Jtucciruhra from Darjeeling, may be separated from all the 
cinchona-alkaloids with which it may bo associated in a saline solution, by means of 
sodium carbonate, which throws it down before any of the rest (Hesse, Ber. x. 2152). 

PABZOBirZBr and PABZBBZB. Substances allied to Saponin (g. v.) 

PA88TZTB. A white earthy silicious mineral, occurring in layers or kidney- 
shaped masses at the border of the red clays and argillaceous sands which overlie the 
chalk in the Department of the Seine inf5rieure, frequently also enveloping flints. 
Analysis by Marchand (Ann, Chim. Phys. [5], i. 392) : 


H*0 

SIO* 

CaCO* 

MgCO» 

Pe*0», A1*0> 

1*1 

84*5 

15*0 

trace 

~ = 100*6 

0*3 

89*2 

10*4 ' 

trace 

trace » 99*9 

— 

88*9 

11*4 

trace 

— = 100*3 


PA8TZVACA. The volatile oil of the fruit of the parsnip (Paathiaca sativa) 
eontaiDs the normal butyric ether of normal octyl alcohol. 
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PASTIxrACnm. a volatile alkaloid, existing, according to Wittstein (iv. 
367), in the seeds of the paranep, and, according to A, R. Porter {Pkarm, J, Trans, 
[3], vii. 174), in the root of Siim. latifoiium, 

^ PATCBOUXil CAMPHOR, C**H**0. This substance, first examined by Gall 
(vi. 902), who assigned to it the formula has been further investigated 

by J. de Montgolfier (Compt. rend, Ixxxiv. 88; Ber. x. 234). It forms regular 
hexagonal crystals, some almost spheriail from the rounding of the faces. They are 
always composed of a prism and a pyramidal summit, and do not exhibit hemihedry. 
The inclination of the faces to each other is 120°, and to the summit 120° 24'. They 
have no rotatory power for polarised light ; but the liquid camphor is Imvogyrate ; 
.Wd= — 118°. The rotatory power remains constant when the camphor is dissolved 
in alcohol of 95 per cent., but diminishes considerably on dilution. If e be the pro- 
portion by weight of substance in solution : 

(a)„ - 124° 6' + 2\e. 

The dispersion is nearly the same as that of quartz or of sugar ; [ajj, = — 10° 37' and 
Oy = — 1 1° 45'. The crystals melt at 62° and remain liqiiid for a long time. 

The corresponding hydrocarbon, Paichoulin^ is easily prepared from the 

camphor by the action of acids, but the best method is to heat the camphor to 100° 
for some hours with a mixture of glacial arctic acid and acetic anhydride. The upper 
layer consists of the hydrociirbon. It Imils at 252°-255° under 743 mm. pressure. 
It has no smell when pure, but oxidises easily and then acquires a resinous odour. 
Its density is 0*946 at 0°, and 0*937 at 13*5°. It turns the plane of polarised light 
strongly to the left; — 7-15° for the line D, and —8*48° for the transition tint. 
Its dispersion is therefore equal to that of quartz, and its molecular rotatory power is 
(o) 42° 10'. It does not combine with hydrochloric acid, and is destroyed by 

nitric acid. It most resembles essence of cubebs, but differs from it in not combining 
with hydrochloric acid. 

PATTBRSOMTZTEi A variety of margarito accompanying corundum from 
Unionville, Pennsylvania. Sp. gr. == 2*81. Analysed by Gcnth (Jahresb, /. Ckem. 
1873, 1158): 

Loss by 

SIO* A1»0* Fe’O" PcO MgO Na“0 K“0 ignition 

29-90 27'59 3*12 9*17 17*10 0*68 2-33 11*61 « 101*30 

PATTZRTB, See Cinchona- bases (p. 497). 

PBCTSIV. The muscular tissue of Pecten irradiansy a mollusc found on the 
eastern coasts of the United States of America, and much prized as an article of food, 
has been found by N. H. Chittenden Am, J, [3], x. 26) to contain considerable 
quantities of glycogen and glycocinc. An analysis of the eatable portion gave : 

I II 


Water 

. 79*60 

80*25 p. c. 

Solid parts 

. 20-40 

19*76 

Ash 

. 1-28 

1-24 

Nitrogenous Substiinco . 

. 16*68 

15*04 

Fat 

. 0-33 

0-32 

Non-nitrogenous Substance 

. 3-13 

3-15 


PBCTOUS SVBSTAXrCBS. Reichardt (Arch, Pharm, [3], x. 1 1 6) from a 
comparison of the earlier researches oh the bodies of this group (iv. 363-370) infers 
that their composition differs but very slightly from that of the carbohydrates, and 
that the differences shown in some cases by the analyses may bo attributed to im- 
purities. Referring also to Schoiblor’s investigations on aratin and arabinose, and 
his own on pararabin (p. 119), he concludes that it is not advisable to place these 
bodies in a distinct group, but that they should be regarded as gelatinising carbo- 
hydrates, nearly related to the gums. 

M. Giraud, on the other hand (Compt. rend, Ixxx. 477), divides the mucilaginous 
or gummy substances of the vegetable kingdom into three groups: to the first of 
which belongs gum tragacanth, which is characterised by the presence of a body 
capable of yielding pectous substances ; to the second, those which contain no pectous 
substances, and are rendered insoluble in water even by very dilute acids : an example 
of these bodies is afforded by quince-muciliige ; and to the third group, those kinds of 
gum which are free from pectin, are not precipitated by dilute acids, but when heated 
therewith are converted into dextrin and sugar. All these substances are converted 
by heating with dilute acids into a crystallisable, non-fermentable sugar, which, 
therefore, is different from glucose. Gum tragacanth dissolves very slowly in cold 
water, but when treated with boiling water for twenty-four hours becomes perfectly 
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soluble and is converted into pectin. Gum-tragacanth, digested on the water-bath 
for three hours with acid of 1 per cent., is pwtly (^) converted into sugar, the greater 
portion, however, being converted into pectin. It therefore contains more than half 
its weight of a pectous substance, probably Fr^my’s pectose. By treating gum- 
tragacanth with 1 per cent, hydrochloric acid, precipitating with baryta, and decom- 
posing the precipitate with hydrochloric acid, 60 per cent, of the weight of tragacanth 
employed is obtained as pectic acid, freeing in its properties with that which 
Fremy prepared from fruits. A quantitative analysis of gum-tragacanth gave : 


Water . 


. 20 

Pectous Substances 


. 60 

Soluble Gum . 


. 8 to 10 

Cellulose 


. 3 

Starch . . . , 


. 2 to 3 

Mineral Substances 


. 3 

Nitrogenous Bodies 


. . . . traces 


VBXJkOOSZT^a G. Tschermak {Jahrh.f. Min. 1878, 751) examined numerous 
specimens of limestone and dolomite from the Mediterranean coast, wliich were covered 
with a grey, shining, vamish-like substance, formed where the waves act upon the 
rock. No organised structure was observed, but a chemical examination proved it to 
consist mostly of calcium carbonate. The finest specimens of this substance came 
from the island of Pelagosa, in the Adriatic: whence its name. Dcscloizeanx a. 
V^lain observed this peculiar incrustation on felspathic rocks in Corsica, on the coast 
of Oran, and on the basaltic lavas on the coast of E^union. 

PBZiABOOnC ACZB, C0H>'.CO^H. This acid is found, together with its 
nitroso-derivative, C®H*®(N0)*0*, amongst the products of the action of fuming nitric 
acid on stearolic axiid (q.v.) 

PBliBAMZlTB. A black mass, resembling serpentine, occurring to the thickness 
of a foot in the asbestos mine of Pelham, Massachusetts ; analysed by C. U. Shepard 
{Bilk Am. J. [3], xii. 231): 

SiO* ATO* FeO MgO H*0 Sp. gr. 

38-40 2-80 15-62 39*88 3*40 « 100 2*9 to 3 2 

PBZiZiBTZBBnrE. The alkaloid of the pomegranate. To obtain it, the bark 
of the tree is roughly powdered and mixed with milk of lime to a thick paste, which 
is washed with water; the liquid is shaken with chloroform, which diHSf)ives the pel- 
letierine ; the chloroform solution is then treated with a dilute acid ; and the solution of 
a salt of the alkaloid thus obtained is evaporated in a vacuum over sulphuric acid. To 
obtain the free base, the solution of one of its salts is treated with potassium carbonate 
and shaken with chloroform. The chloroform solution on evaporation loaves the 
alkaloid as a colourless oily mass, boiling at about 180®, and very soluble in water, 
alcohol, or ether, and especially in chloroform. It has an alkaline reaction, and pre- 
cipitates most of the metals from their salts. It is precipitated by barium chloride, 
the precipitate being soluble in excess of the reagent. A precipitate is also formed 
by bromine water in excess ; by Nes-sler’s reagent ; by iodide of potassium and cad- 
mium, and by phosphomolybdic acid. The sulphate, nitrate, and hydrochloride of 
pelletierine are crystalline and extremely hygroscopic (Tanret, Compt. rend. Ixxxvi. 
1270 ). 

PSmrZirB. This mineral from the Zillerthal, where it occurs in transparent 
plates, sometimes uniaxial, sometimes biaxial, has been described by J. Kumpf, and 
analysed by van Warvecke {Min. Mitth. 1873, 33). P. Groth (ZciVscAr. Kryst. i. 609) 
refers the greenish mass (regarded by Delesse as pyrosclerite) which ofben occurs, 
together with nuclei of felspar, in the granular limestone near Markirch in Alsace, to 
Kenngott’s pseudophito (iv.. 744), and regards this latter, together with a greenish 
steatitic mineral, occurring in the primitive limestone of Plaben near Bodweis, and 
of Ckyn in Bohemia, as dense varieties of pennine. 

Analym. — 1. From the Zillerthal (van Warvecke). 2. Pseudophito from Moravia 
(v. Hauer, Wim. Akad. Bet. xvi. 170). 3. Greenish mineral from Plaben (v. Drasche, 
Jahrh.f. Min. 1873, 1204). 4. A similar mineral from Ckyn (Genth, ibid, 1874, 663). 


810* 

Al'O* 

Fo»0* 

PoCf 

MgO 

CaO 

n*o 


1. 34-24 

12-62 

1-64 

3-35 

34-86 

030 

14-14 = 

101-15 

2. 33-42 

13-42 

— 

2-68 

34-04 

— 

14-68 » 

9814 

3. 34-63 

17-13 

— 

1-61 

33-38 

— 

13-93 » 

100-68 

4. 35-31 

18-28 

1-26 

0-83 

31-61 

— 

13-26 

100-55 
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PaarTAaMKACBTOm, C*HBr>0. When phlorobromia, C‘HBiH‘0 (a pro- 
duct of the action of bromine on phloroglucinol), is dissolved in warm alcohol, and 
the solution, after stancUiify for several hours, is mixed with a largo quantity of cold 
water, an oil is precipitated, together with slender needles, which, after being pressed ^ 
and recrystallised from alcohol or chloroform, have the composition of pentabrom- 
acetone. The compound thus prepared melts at 76°, and is crystallographically 
identical with that which is obtained directly from acetone, forming orthorhombic 
prisms having the axial ratio a\h \ t?= 0*6182 : 1 : 0*6928, and exhibiting the faces 
l\ oof 2, oof 00 . Pentabromacetono is converted by ammonia, either aqueous or 
alcoholic, into dibromacetamide (Benedikt, Liebig's Annalen, clxxxix. 165). 

PSNTA-, TSTRA-i and BBXB&OMAlTTB&ACBm. Tetrabrom- 
anthracene (vi. 178), exposed to the vapour of bromine for some days, is converted 
into tetrahramanthraemve tetrahromide, G*^H"Br*.Br\ which crystallises from a hot 
saturated solution in carbon bisulphide in distinct, colourless prisms molting, with 
leeonipnsition, at about 212° ; and this compound, heated to 230° till it ceases to give off 
'roniineand hydrogen bromide, yields jientabronianthracene, C'^H*Br*, a pul- 
enilent yellow substance which melts at 212°, dissolves sparingly in alcohol and ether, 
Msiiy in benzene, toluene, and carbon sulphide, and is converted by oxidation with 
hroinic acid into tribromanthraquinonet a body subliming in broiid needles and 
lelting at 365°. 

llcxhromaiithracene^ G*^H‘Br®, is formed, with violent reaction, when tetra- 
bromanthracene tetrabromido is heated with alcoholic soda. It is but sparingly 
8uliil)lo in all solvents, and crystallises from petroleum (b. p. 130°-160°) in golden- 
yellow silky needles, which may bo sublimed, but do not melt even at 370°. By 
oxidation with chromic acid it is converted into tetrahromanthraquinone^ 
C'‘H‘BrH)-, which may bo purified and crystallised in small needles from solution in 
carbon sulphide, but separates from all other solvents in the form of powder (Ham- 
merschlag, Ber. x. 1212). 

PBB TABBOMAZOBAPBTBABBBB. See Azonaphthalbne, under Naph- 
thalene. 

PSKTACBTYB-GAZiACTOSB, G<’H^(G2H»0)»0^ See Galactose, under 
StJOARS. 

PBBTACBTTXi-SUBPBOTAJrmC ACIB, G>>n\G2E’0^XS0’H)S0^ See 
Tannic Acids. 

PBBTACBXiOROBirTTZiBXrB, G^H^GP, is formed, together with other 
chlorinated compounds, by the action of chlorine on. tertiary butyl alcohol (p. 360). 

PEBTACBBOROBAPBTBABBBB. See Naphthalene. 

PEBTAMBTBTZiETBOXi, or Dimethyl - katabntyl Carbinol, 
G(GH“)'*.C(CH’*)*OII. Sec Hepi yl Alcohols (p. 1026). 

PBITTABBS, CMP-. Boiling Points — Nor7nal pentam, CH®.(CH*)*.CH*, boils 
at 38°, isopentane, ClP.Cir‘*.CH(CH^)*, at 30°, tetramethyUethajie, C(CH*)' at 9*5° 
(A. Naumann, Ber. vii. 173). 

Isopentane (amyl hydride) in aqueous solution (1 c.c. to 2 litres of water) mixed 
with half its volume of chromic acid mixture (500 pts. water, 5 crystJillised chromic 
anhydride, and 1 potassium dichromate) and left for five weeks at a temperature of 
15°-20°, was found to bo converted mto valeric acid (Berthelot, Compt. rend. Ixxix. 
1435). 

Pentane, from petroleum, and inactive isopentyl chloride, are converted by chromyl 
chloride, CrO=CP, into chlormethyl-isopropyl ketone, CH-Cl.CO.CH(CH*)® 
(Etard; see Kotonks, p. 1148). 

PBBTAPBENYZiCBBORBTBABrB, G(G<‘H^)^GC1(G«H^)^ is formed, together 
with diphenyl, by the action of monobromobenzeno on carbon tetrachloride, the two 
substances being dissolved in ether, and sodium introduced into the solution, and may 
be extracted from the crude product by distilling off the ether and boiling the residue 
with alcohol. It molts between 120° and 125°, boils above 340°, and yields a nitro- 
derivative when treated with nitric acid (Guareschi, Ga^s. chim. Ual. 1877, 409). 

PBRTTATBZOBZC ACZB. See Sulphur, Oxyoen-acids of. 

PBBTZC ACXB, 3CMP02 + H*0, and PEXTTBBZC ACZB, 3C»H«0» + H*0. 
The compounds so-called by Demar^ay (not true ackls) are formed by the action of 
1 and 2 mol. bromine respectively on 1 mol. ethylic ethylacetoacetate, in the same 
manner as the homologous compounds hexic and hoxeiiic acids are formed from ethylic 
acetovalerate (p. 1501). Ethylic methylaeetoacetate, treated with bromine in like 
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BMLnner, yields tetric acid, 3C^H‘*0* + H^O, and te ironic acid, 30*HW + H*0. 
Tetric acid, m. p. 150°, and pentic acid, m. p. 189°-190°, crystallise readily, and their 
aqueous solutions are reddened by ferric chloride. The reaction, indeed, appears to 
be general for compounds of this series (Demar 9 ay, Bull. Soc, Chim. [2], xxvii. 483). 

PBWTXSrs, Valerylene. — This hydrocarbon is knoum in three modifica- 

tions, viz. : 

(1) . (CH*)=C“C=z;CH'^. Tiiis is the compound which Reboul obtained by heating 
amylene bromide with alcoholic potosh (v. 981) : 

(CH*)*=:CH--CHBr— CH'^Br - 2HBr = (CH>)*C=iO=CH*. 

It has a sp. gr. of 0*700 ; boils at 45° ; does not form compounds with silver or 
copper. 

(2) . PrapyUacetylene, CH®.CH^.CH^C^CH, is formed in like manner by abstrac- 
tion of 2HCI from propyl-methyl kotonic chloride, C’H^CC^‘'.CH*. It boils at 60°, 
and yields metallic derivatives with silver and copper (Friodel). 

(3) . Isoprapyl^icetylenet (CH*)2CH.C^CH. Produced: a. By converting valer- 
aldehyde, (CH»)*CH.CH2.CHO, into the corresponding chloride, {CR^yCR.CmCKCV^, 
by means of phosphorus pentachloride, and removing 2HC1 from this chloride by the 
action of potash (Briiylants, Her. vii. 759). jS. By the action of alcoholic potash on 
the chloride of isopropylethylene, (CH*)*CII.CHC1.CH‘CI (Kltekoff, Ber. x. 707). It 
boils at 36° ; gives with ammoniacal copper solution a yellow precipitate ; with 
ammoniacal silver solution, on heating, an amorphous white precipitate, which is 
lighter than water and is but little affected by light. When treated with a solution of 
iodine in potassium iodide, it tikes up 2 at. iodine, and is converted into isopropyl- 
acetylene di-iodide, (CH*)*CH.CI~CHT, which boils without decomposition at 140°, 
is but very slightly affected by light, and is reconverted by sodium ethylate into iso- 
propylacetylene. Sodium dissolves in isopropylacetyleno, with evolution of hydrogen 
and formation of a compound which crystallises in large plates, but falls to powder in 
contact with the air, and is reconverted by water into isopropylacetylene (Eltekoff). 

PISITTOXC ACXBS, C«H^COOH. 1. XTormal Pentolc Aold, 

CH*.(CH*)*.COOH. This acid, which Lieben a. Rossi obtained by oxidation of 
normal pentyl alcohol (vii. 1197), is also produced by heating normal hexoic (caproic) 
acid, CII*.(CII‘0^CO®H, in a water-bath with 1 mol. bromine, whereby it is converted 
into a-brom<x:aproic acid, CH*.(CH*)*.CHBr.CO’*H ; then adding sodium carbonate to 
permanent alkaline reaction; decomposing with sulphuric acid; dissolving out the 
resulting a-hydroxycaproic or normal leucic acid, CIP.(CH*)®.CHOH.CO*H, with 
ether; then expelling the ether, oxidising with chromic acid mixture, [C®H**0* + 0® = 
C*H*®0* + CO* + H*0], and distilling. The volatile acid contained in the distillate 
exhibits all the properties of the normal pentoic acid described by Lieben a. Rossi 
(Erlenmeyer, Ber. ix. 1840). 

Normal Ethyl Pentoate^ CH*.(CH*)*.COOC*H*, boils, under a pressure of 736*5 mm* 
reduced to 0°, at 114*6° (corr.) Its sp. gr., referred to water at equal temperatures! 
is 0*894 at 0°, 0*8765 at 20°, and 0*8616 at 40° (Lieben a. Rossi, Liehi^s Annalen, 
clxv. 117). 

2. Zaopentolo, Xsopropyl-aeetlc, Xaobutyl-formlc, Valeric, or Valeii- 
asic Acid, (CH®)*CH.CH*.COOH. This acid has been found by 0. Jacobsen in 
geranium-oil {Liebiy's Annalen, cl vii. 232). 

Preparation. — According to 0. Ficinus {Arch. Pharm. [3], iii. 219), dilute valeric 
acid may be formed by a continuous oxidation-process similar to that adopted for 
vinegar making (i. 8), the acidifier being filled with chopped valerian -root, and 
dilute fusel-oil repeatedly passed through it, the temperature being kept between 30° 
and 40°. The process, however, is mentioned as being merely of scientific interest, 
and not advantageous in practice. On the formation of valeric acid by oxidation 
of paraffin, see p. 1489. 

For the preparation of pure valeric acid, H. Lescccur (BtiU. Soc. Chim. [2], xxvii. 
104) takes advantage of its property to form acid salts with potash and soicla. A 
molecule of the neutral salt is mixed with 2 mol. of valeric acid; the acid salt is left 
to ciystallise in the cold ; the crystals are dried ; and the acid separated from them 
by distillation* The pure acid begins to pass over a little above 200°, and the distil- 
lation should be stopped when the temperature rises to 300^. 

According to Balbiano {Gaze, chim, ital, 1876, 229, 402), valeric acid, prepared 
from inactive amyl alcohol, boils at 174*1° under a pressure of 724 mm. (compare 
fi&lenmeyer a. Hell, vii. 1 199). 

According to G. Schacht {Arch. Pharm, [3], ii. 97), bUmuth valerate has the com 
position C»H«Bi®0'®«(C®H®0*)®.Bi®(0H)*0®. 
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On the ep. gr. of valeric acid and its ethers at cUfferent temperatures, see Pierre 
a. Fuchot (vii. 1200). 

Et hylic Acetovalerate, C®H*®0*=CH*.C0.CH(C*H’).C0.0C*H» (Demarcay, 
Comyt, rend, Ixxxiii. 449 ; Bull. 8dc. Chim. [2], xxvii. 483). This acid is formed by 
the action of isopropyl iodide on ethylic acetosodacetate : 

CH*.CO.GHNa.CO.OC2H» + C»H’I = Nal + OH*.CO.CH(C»H’).CO.OC*H». 

It boils at 200°-202° under a pressure of 768 mm . ; colours ferric chloride pale violet. 
Bromine acts strongly on it ; the action requires to be moderated by cooling. On 
adding 1 mol. bromine to 1 mol. of the ether, treating the oily product with alcoholic 
potash, and then adding hydrochloric acid, a body separates, which appears under the 
microscope to consist of elongated rectangular plates, and has the composition 
3C®H*0'‘* + H®0. This compound, called by Demarcay hex ic acid, melts at 123®— 
124°, boils with slight decomposition at about 263°, is slightly soluble in cold, mode- 
rately soluble in boiling water, easily in alcohol, ether, and chloroform, and separates 
from the ethereal solution in crystals several centimeters long. It is not a true acid, 
as it does not form salts, and the product obtained by treating it with phosphorus 
pcntachlorido is not decomposed by water. 

1 mol. acetovaleric ether and 2 mols. bromine yield the compound 3C®il®0* + H*0, 
called hexenic acid, which is difficult to purify, melts at 187°, and boils with de- 
composition at 270°-280°, yielding an oily distillate reconvertible by water into the 
original compound. The so-called hexcnic acid is sparingly soluble in cold, freely in 
boiling water, also in alcohol and ether, very slightly soluble in chloroform. 

Methyl-ettaylacetlo Acid, (CH*)(C’'Il*)CH.COOII. The preparation of the 
ethylic ether of this acid by distilling ethylic methyl-ethylacotoacetate with sodium 
ethyl has already been described (p. 15). The acid obtained from it boils at 173°, 
and resembles ordinary optically active valeric acid in every respect excepting that it 
forms an amorphous barium salt (Saiir, Ber, vii. 1037). 

Trimetliylacetic Acid, (CIP)^C.COOH, also called Pivalic Acid. This acid, 
which Butlerow obtained by saponification of katabutyl cyanide, (CH*)*C.CN (vii. 
1182), is also produced by oxi<lation of methyl-katabutyl ketone (pinacolin), 
(CIl*)*C.CO.CH* (p. 1148), with chromic acid mixture (Friodol a. Silva, Compt. rend, 
Ixxvii. 48). When separated from its sodium salt by sulphuric acid, it forms a 
crystalline mass which gradually becomes granular. The crystals belong to the 
regular system, as they do not exhibit double refraction. The acid dissolves in 46 
pts. of water at 20°. It melts, according to Butlerow, at 34°-35° ; according to Friedel 
a. Silva at 30° after repeated partial fusion. It is separated from its salts even by 
acetic acid. The potassium salt is deliquescent. The sodium salt, C*Il®0*Na + 2n’*0, 
gives off its water of crystallisation on exposure to dry air, and, as well as the 
potassium salt, forms after fusion a laminar mass like the acetates (Friedel a. 
Silva); according to Butlerow, the sodium salt crystallises in flat prisms, very 
soluble in alcohol. The barium salt, (C*H®0*)*Ba + 6H*0, and the calcium salt, 
(C*}I“0'-)*Ca + 4H*0, form silky very soluble needles. The silver salt is obtained by 
precipitation in small lamin®. The copper salt, (C®H*0®)®Cu + H"0, is obtained by 
decomposing a soluble trimethylacetate with copper sulphate, as a heavy crystalline 
green precipitate, requiring more than 600 pts. water to dissolve it. The solution 
when evaporated leaves blue scjiles, consisting of a basic salt, which is .also obtained 
by prolonged M’ashiiig of the norm.>l salt. The latter is obtained in the state of greatest 
purity by the action of free trimcthyla(!ctic .acid on cupric carbonate. It gives off its 
water in a vacuum at ordinary temperatures. It may be freeil from basic salt by 
solution in alcohol of 96 per cent., from which it crystallises in dark bluish-green 
prisms apparently having the composition (C^H^O^lCu -h H'-'O + ; it is likewise 

soluble in other. It sublimes when heated (Friedel a. Silva). The sine salt is a 
white crystalline powder, unctuous to the touch, slightly soluble in water (Butlerow). 

Friedel a. Silva respresent pinacolin and its product of oxidation (pivalic acid) by 
the following formulse : 

(CH^ (OHV^ 

(CH*)*(Ir cn»cj^0H 

Flnaoolin. Pivflllc acid. 

But pinacolin being formed by the action of zinc-methyl on trimethyl-acetyl chloride, 
has much more probably the constitution of methyl-katabutyl ketone assi^ed to it by 
Butlerow (p. 1148), and may therefore be expected to be converted by oxidation into 
trimethyl-acetic acid. And, in fact, the only important^ dififorence between 
Butlerow’s acid and the pivalic acid of l^edel a. Silva consists in the lower melting 
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point of the latter, which, as thej observe, may have been due to a slight admixture 
of acetic acid, inasmuch as the lowest melting fractions yielded a silver salt, the 
percentage of silver in which was somewhat too high for the formula C^H*O^Ag. 

VaiTTOZC AKBBBTBBp G^H'^0. See Yalebal. 

PBB'TTB AXiCOBOliSf Those compounds have hitherto 

been described as amyl alcohols (i. 203 ; vi. 106-114 ; vii. 62 ; viii. ; but it is 

better to designate them generally as pmiyl alcohols, a term which indicates their 
place in the series of alcohols and restrict the term amyl alcohol to the 

one which has long been known by that name, viz., isopentyl carbinol, 
(CH*)*CH.CIl*.CH*OH, the first discoverii of the group. The following are the 
most recent additions to our knowledge of those bodies. 

According to Wischnegradsky (Liebig* s Annalen, cxc. 328), the amyl alcohol of 
fermentation is a mixture of isopentyl alcohol (isobutyl-carbinol) with small quantities 
of normal pentyl alcohol and methyl-ethyl carbinol, which he regards as the optically 
active constituent. 

The following dextrorotatory amylic ethers have been prepared by J. A. 
le Bel {Ball, Soc. Chim. [2], xxi. 542) from Isevorotatory amyl alcohol : 

Chloride. B.-p. 97®-99° falo = +1*24 

Bromide. „ 117®-120® (a'o = + 3-75 

Iodide, „ 144^-145® [aj^ = + 6*34 to 6*12 

Methyl-amyl and amylene from active amyl alcohol are inactive. 

Mefliyl-Uopropyl Carbinol. CH>.CHOH.CH(CHs)» (Winogradoff, Liebigs 
AnnaUn, cxci. 125). This secondary alcohol is formed by acting on zinc-methyl 
with bromacetyl-bromide, and treating the product with water. To avoid explosions, 
it is best to pour the acid bromide (1 mol.) into the zinc-methyl (3 mols.) through a 
tap-funnel, the neck of which dips into the liquid. The mixture, after being left to 
itself for some weeks, is mixed with water and hydrochloric acid and distilled ; and 
the chief product (50 per cent, of the theoretical quantity) which passes over between 
110® and 120", is treated first with anhydrous baryta, and then with sodium, in order 
to remove the last portions of water and bromine. 

On the mechanism of the reaction, see the original paper, and Chm, Soc. J, 
xxxiv. 485. 

Methyl-isopropyl carbinol thus obtained is a liquid having a faint odour, easily 
soluble in water, boiling at 113®, and not solidifying at —33®. Its specific gravity 
is 0-8308 at 0°, and 0*8219 at 19®. With bromine it yields an amylene. By phos^ 
phorus pmtachloride, and by gaseous hydrogen iodide with aid of heat, it is converted 
into tertiary pentyl chloride and iodide (infra), 

DImetbyl-etbyl Carbinol. (CH®)*(C*H*)COH. In the preparation of this 
tertiary alcohol by distilling 5 grams of commercial amylene with sulphuric acid (2 
vole. H®SO^ to 1 vol. water), Butlorow (Ber. x. 81) obtained two grams of the pure 
alcohol (corap. p. 81). It melts at —12®, and boils at 102®-104®. The corresponding 
chloride boils at 86®, the bromide between 108® and 109®, the iorf/rfc between 127® and 
128® (Wischnegradsky, Liehifs An9ialen, cxc. 331). 

PBBTTZi-OXiYCOIbS or PBBTTlbBBB BXiCOBOXiS. Three of these 
compounds are known, and have been already described (i. 208, and pp. 81 and 82 of 
this volume), viz. : 

Trimethyl glycol, (CH»)»COH.CHOH.CH» .... 

Methyl-ethyl glycol, ((?H‘).CHOH.CHOH.CH> . . . 187-6<= 

Isopropethylene glycol, CII(CH*)2.CHOH.CH*OH . . . 206° 

PBWTYXBBTBS. Amylenes. — Three of these hydrocarbons have already 

been described (p. 79), viz. : 

Isopropyl-ethylene, H*C=CH[CH(0H»)*]. 

Methyl-ethyl-ethyleno, H*C=;:C( CH*)(C^H*). 

Trimethyl-ethylene, (CH»)*Crz:CH(CH»). 

(1). According to Wischnegradsky (Ber. x. 81 ; Liebifs Annalen, cxc. 328), 
Flavitzky’s amylene, boiling at 25®, is a mixture of two isomeric hydrocarbons : for 
when the iodide obtained from ordinary amyl alcohol (rot. power = + 2*9®) is treated 
with alcoholic potash, a hydrocarbon is Termed, having a variable boiling point 
(23®-27®), and from this, on notation with sulphuric acid, a third hydrocarbon is 
dissolved, while an amylene boiling at 21°--22® (regarded by Wischnegradsky as iso- 
propyUthyUne) remains behind. The same hydrocarbon (boiling at 2r6®-22®, and 
behaving similarly with sulphuric acid) is also formed from the comparatively inactive 
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amyl iodide (rot. power » + 0*3 (which is obtained, together with ethyl iodide, by the 
action of hydriodic acid on amyl-ethyl oxide). (2). Minary (commercial) amylene, 
obtained by the action of zinc chloride on ordinary amyl alcohol, appears to contain 
three pentylenes, viz., trimethyl-ethylene, nnsymmetrical methyl-ethyl-ethylene, 
H2C:=:C(CH*)(C'-*H*), and normal propyl-ethylene. The pentylene prepared from 
ordinary amyl chloride contains two isomerides, viz., nnsymmetrical methyl-ethylene 
and isopropyl-ethylene. 

The presence of isopropyl-ethylene in the amylene boiling at 26° is further con- 
firmed by the experiments of EltekofF {Ber. x. 707), from which it appears that the 
bromide of this amylene, when treatil with alcoholic potash, yields, together with 
ethyl-valeryl oxide (b.-p. 111°“114°), a pentine or valerylene, C*H“, having the con- 
stitution oiisopropyl-acetyleiie^ HC=C — CH(CH*)* (p. 1500). 

Oxidation. — The products obtained by the action of various oxidising agents on 
amylene have been examined by F. Zeidler {lAeht^s AnnateUy clxxxvi. 246). 
(1). Amylene, b.-p. 36° {from optically active amyl alcohol, with stannic chloride), yielded 
with potassium permanganate in neutral or alkaline solution : carbonic, formic, acetic, 
and succinic acid; with permanganate in sulphuric acid solution: carbonic, butyric, 
propionic, acetic, oxalic acids ; with potassium dichromate and sulphuric acid : car- 
bonic, butyric, acetic, and propionic acids ; with chromic acid : carbonic acid, acetic 
acid, a higher fatty acid, and succinic acid; with potassium iodate in acid solution: 
carbonic and acetic acid. (2). Amylene, b.-p. 22°-23° (from the hydriodic ether of 
optically actioe amyl alcohcl wit h alcoholic soda), yielded with potassium permanganate 
in neutral or alkaline solution : carbonic, acetic, butyric, propionic (?), oxalic, and 
succinic acids ; in acid solution : carbonic, acetic, higher fatty acids, a small quantity 
of succinic and a large quantity of oxalic acid; with potassium dichromate and sul- 
phuric acid, or with chromic acid : carbonic, acetic, propionic, and butyric acids ; with 
potassium iodato : carbonic and acetic acids ; with nitric acid : carbonic acid, acetic 
acid, and a nitro derivative. (3). Amylene, b.-p. 33°, from ethyl-amyl oxide with 
phosphoric anhydride, yielded with potassium permanganate in neutral acid or alkaline 
solution : carbonic, acetic, and oxalic acids ; with potassium dichromate and sul- 
phuric acid or with chromic acid ; carbonic, acetic, and propionic acids ; with potas- 
sium iodate or nitric acid : carbonic and acetic acids. 

PSPP1S&. The amounts of moisture, ash, and nitrates (reckoned as nitric acid), 
also of alcoholic and aqueous extract in the kinds of pepper most frequently met with 
in commerce, have been determined by A. Wynter Blyth {Chem. News, xxxii. 140) 
with the following results : 



Moisture 

Soluble 

ash 

Total 

osli 

Nitric 

acid 

Alcoholic 

extract 

Aqueous 

extract 

Penang 

9*631 

2-212 

4*189 

0*0447 

7*660 

18*336 p.c. 

Tellicherry 

12-908 

3-380 


■iniKKfM 

7-896 

16*600 „ 

Sumatra . 


2 626 

4*316 . 


6*460 

17*600 „ 

Malabar . 

10-548 

3*463 

5-1 95 


6*375 

20-376 „ 

Trang 

11*664 

2*638 

4*775 

0-1187 

6*300 

18175 „ 


The ash of Tellicherry pepper was^ found to have the following composition : 

K*0 Na»0 MgO CaO Fo * P»0‘ SO» Cl CO* Sand 

24-38 3-23 1300 IIGO 0’30 8*47 9-61 767 14*00 6*53 = 98*69 

H. Focklington {Pharm. J. Trans. (3], v. 681) found in three sorts of commercial 
pepper from 60 to 60 per cent, of foreign substances, consisting of arrow-root, rice- 
starch, wheat-flour, pea-flour, and oatmeal. 

On the adulterations of pepper, see also Landrin {Monit, Scient. vi. 883). 

PSPPSRMZXTT OZXi. According to J. Moss {Pharm. J. Trans. [3], v. 666), 
Japanese peppermiiit-oil begins to boil at 206°, the temperature then remaining con- 
stant for some time, and ultimately rising to 218°. The oil did not deposit any 
crystals when cooled. The camphor or stearoptene of Japanese peppermint- oil melts 
at 30°, resolidifies at 37*6°, and boils at 215° ; compare Opponheim (iii. 880). Ac- 
cording to J. Mackay (Pharm. J. Trans. [3], v. 826), 1 pt. of the Japanese oil dis- 
solves readily at ordinarv temperatures in 8 pts. of rectified spirit. The liquid oil 
easily dissolves the camphor, and deposits it in crystals when cooled. Peppermint- 
camphor distilled with zinc chloride yields menthene, (Beckett a. Wright, 

p. 1274). 

According to G. Jehn (Arch. Pharm. [3], iii. 29), peppermint-oil in contact with 
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eUwaX hydrate gradually assumes a dark cherry-red colour, which is easily tzansferred 
to ether, alcohol, and chloroform, is not destroyed by boiling, but becomes darker ou 
addition of a small quantity of sulphuric acid; and on subsequent addition of chloro- 
form, acquires a shade more inclining to dark violet. This reaction is not exhibited by 
oth^ volatile oils. Danin von Wassowicz (i5^d. xi. 610) has examined the action of 
chloral hydrate on seven varieties of peppermint-oil, viz,: 1. French; 2. English 
(Mitcham); 3. American; 4. German; 6. From Mentha piperita, cultivated in 
Galicia ; 6. An older English sample diluted with an equal volume of alcohol ; 7. A 
vi^id, dark-yellow American oil. 1, 2, 5, 6, and 7 exhibited no coloration after five 
minutes ; 3 after the same time was coloured light violet ; 4, yellowish-brown. After 
the lapse of an hour, only 2, 5, and 6 remained uncoloured. When heated, all the 
vaMeties became coloured, and coloration was likewise immediately produced, when 
an impure chloral hydrate containing hydrochloric acid was used as the reagent. 

According to E. B. Shuttleworth (Dingl. poL J. ccviii. 464 ; Amer. J, Pharm, 1872, 
xliv. 171), American peppermint-oil is sometimes adulterated with alcohol and castor 
oil. 

According to M. A. Frebault {Pharm. J. Trails. [3], iv . 977), peppermint-oil 
treated with picric, sulphuric, hydrochloric, or nitric acid, especially the first, yields 
a green substance which exhibits red fluorescence, and agrees in many of its 
reactions with chlorophyll. 

iFBPBIir. E. Scheffer {Pharm. J. Trans. [3], ii. 761, 783, 843) prepares pepsin 
by macerating the mucous membrane of pigs* stomachs for several days with water 
containing hydrochloric acid, and mixing the liquid, after it has been strained and 
left to clarify for 24 hours, with an equal volume of a siiturated solution of common 
salt ; the pepsin which rises to the surface is skimmed off after a few hours, then 
pressed and dried without application of heat. The stiff, hard, straw- to brown-yellow 
substance thus obtained contains a certain quantity of mucus and small quantities of 
calcium phosphate and sodium chloride, which however do not interfere with its action. 
Sweetened pepsin is prepared by mixing recently pressed pepsin with pulverised 
milk-su^r, and drying the mixture by exposure to the air. The milk-sugar by its 
antiseptic properties may perhaps conduce to the preservation of the pepsin. The 
aqueous solution of pepsin quickly decomposes. The digestive power of pepsin may 
be tested by noting the time required for dissolution, under its influence, of a given 
quantity of coagulated white of egg at a given temperature. The last portions of 
albumin require for their disappearance a proportionately longer time, even when the 
pepsin is present in excess. 1 grain of purifi^ pepsin in 4 ounces of salt water dis* 
solved 400 grains of albumin in 18 hours at 24°. 

According to H. Selldon {Pharm. J. Trans. [3], iv. 89), the yield of pepsin by 
Scheffer*s method is considerably increased if the digestion of the mucous membrane 
with dilute hydrochloric acid be performed at 37°. Scheffer’s pepsin is contaminated 
with syntonin, and perhaps also with other proteids. Durable preparations may be 
obtained by trituration with milk-sugar or solution in glycerin. 

Various kinds of pepsin are described by E. Bennard [fiuss. Zeitschr. Pharm, 
1874, 677 ; Jahresh.f, Chem, 1874, 944). 

Volurnetric Estimation. — Pepsin may bo estimated volumetrically by means of 
fibrin which has been coloured through and through with an ammoniacal solution of 
carmine. This coloured fibrin may bo preserved in glycerin, and when required for 
experiment, must be carefully freed from glycerin by rinsing with water, cut up with 
scissors, and drenched with a five-fold quantity of hydrochloric acid. In this manner 
a crimson, translucent, gelatinous mass is obtained, which must be divided into por- 
tions of equal size, best on bibulous paper, which absorbs the excess of acid. On 
drenching these separate portions of coloured fibrin with pepsin-solutions of various 
strength, red liquids are obtained, the coloration being deeper and quicker as the 
pepsin-solution is stronger, so that it is esisy to distinguish strong from weak solutions 
of pepsin, and possible to apply the method for quantitative estimation (P. Grutzner, 
Zeitschr, anal. Chem. 1874, 106). 

PBPTOVB8. See Pbotkids. 

PBBBBOMBTB AMTB or BBZBBOMBTBAirB, C^Br", is formed, together 
with other products, by heating mucobromic acid (vii. 828) with bromine and water 
to 120°-130° in sealed tubes : 

0*H*Br*O* + H^O + 3Br*''= 2CO* + C*HBr» + 3HBr 
and C*HBr» + Br* HBr + C*Br*. 

It crystallises from carbon sulphide in thick colourless prisms, which are insoluble in 
alcohol and decompose at 200°-210° (Delbriick, TAe^s Annalen, clxv. 268). 
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VB&B&OMZC AOZB, BpHO^ Muir in 1874 described the formation of this 
acid by agitating bromine with aqueous perchloric acid (p. 361). Subsequent experi> 
ments however failed to yield the same result, so that the conditions under which the 
fornmtion of this acid hikes place cannot yet be considered as satisfactorily established 
(Muir, Ch^in, Soc, J. 1876, xxx. 469). The formation of perbromic acid by the action 
of bromine on perchloric acid was previously announced by Kammerer in 1863 (iv. 
874) ; his results have however been called in question by R. W. E. Macivor {Chem. 
News, xxxiii. 35). « 

PSIRBROBCOBBXrZEXrS, C®Br*. On the formation of this compound from 
benzene, and on its properties, see Bknzene-derivativks (p. 170). According to E, 
Wall {Ber. ix. 1649), bodies of the fjitty scries, when subjected to exhaustive brominaf- 
tion with iodised bromine, yield in the first instance perbromethane, which by pro- 
longed heating to its boiling point, or to 300° in a sealed tube, is converted into 
perbromobenzene. 

PBRBBOMOMBTBTBMBBCAPTAir, CSBr« = CBrl SBr, is formed in 
small quantity when carbon disulphide mixed with bromine and a little iodine is left 
under water for a few minutes, and remains after the carbon sulphide and bromine 
have been distilled off on the water-bath, as a yellowish liquid, which smells like pep- 
ehloromethylmercaptan {infra), distils at 150°, and acts on potassium sulphite even 
more violently than the chlorine-compound, forming methylmorcaptantrisulphons^te 
and bromide of potassium (Rathko, Liebig a Anruden, clxvii. 195). 

PBRBROMOPRBXrOB, C*Bp*.OH (m. p. 226°), formed from phenol by the 
action of iodised bromine, is converted by heating with PBr^ into perbromobenzene 
(Gessner, Ber. ix. 1505; Ruoff, ibid. x. 1234). 

PBRCBZiORBTBAlffE, 01*0.001*. This body is formed : o. Together with 
poTchloromothano, by heating propane or propyl chloride (b. p. 46‘i5°) with iodine 
chloride to 100°-200'^ in a sealed tube, which is frequently opened to allow the result- 
ing hydrogen chloride to escape, and then filled with chlorine gas (Krafft a. JVIerz, 
Ber. viii. 1296; see p. 1066). jB. By the action of iodine trichloride on propionic 
acid: CW.CO«fI + 4101* = C‘Cl«-h 00* + 61101 +21* (Krafft, Ber. ix. 1085). y. To- 
gether with porchlorobonzene, by exhaustive chlorination of diphonyl-trichlorethauo, 
(C*H*j*CH.01* (Ruoff, p. 1066). 5. Together with perchloromcthano and perchloro- 
benzeno, by heating chrysene with antimony pentachlorido (Ruoff, Ber. x. 1234). 

Perchlorothane melts at 179° (Geuther a. Brockhoff, J, pr. Chem. [2], vii. 108). 

Beaction with Sodiiun Ethylate . — When perchlorothane (1 mol.), dissolved in ether, 
is heated with sodium ethylate free from alcohol (6 mol.) in a reflux apparatus, to the 
upper end of which is attached a glass tube dipping 250 cm. deep into mercury, a 
reaction commences at about 110°, after the greater part of tho ctlior has distilled off, 
attended with evolution of a combustible gas ; and afterwards a liquid distils over, con- 
sisting of alcohol, porchlorethylcne, C*CP, trichlorcthoxylethyleiie, CCl*“.CCl(OC*H*), 
and triethylic dichlorjicotate, CirCl*.C(OC*H*)*, the last two products being due to the 
reaction between sodium ethylate and perchlorothylone (p. 764). The residue of the 
distillation contains unaltered sodium ethylate, sodium acetate, sodium othylglyoxylato, 
CH*(OC*H*).CO*Na, a small quantity of sotlium oxalate, and two resinous compounds, 
one of which separates on treatment with water, while tho other is precipitated on 
addition of hydrochloric acid. In this reaction the porchlorethano probably first acta 
on tho sodium ethylate, forming sodium ^cctate, perchlorethylcne, and otliane, accord- 
ing to the equation : 

3C*II*ONa + C*C1« =* C*H»NaO* + C*CP + C=II® + C^H^O + 2NaCl; 

and the perchlorcthyleno then acts further on tho sodium ethylate in tho manner 
above indiaited (Geuther a. Brockhoff, J. pr. CJtem. [2], vii. 101). 

PBRCBBORBTHTBBRB, C*CP. Carlwn dichloride. - This compound is 
formed, together with poreliloromothane, by heating perchloropropano to 300° ; 
C*C1* = + CCP (Krafft a. Merz, Ber. viii. 1045). It* may bo prepared by heating 

pcrchlorethane, mixed with twice its weight of aniline to 170° (Bourgoin, p. 764). 

On tho reaction of perchlorcthyleno with sodium ethylate, and on perchlorcthylene 
dibromide or dibromotetrachlorethane, see also p. 764. 

PBRCBBORZC ACZB. According to T. Fairley {Brit. Assoc. Reports, 1874, 
68), hypochlorous acid and its salts are converted into perchloric acid and perchlorates 
by passing ozonised air through their solutions. 

On the Berchlorates of Potassium and Bismuth, seo p. 460. 

PBRCBBOROBBBZBBB, G*C1* is formed in tlie ezhaiistive chlorination of 
various hydrocarbons of tho aromatic series with chlorine containing iodine (p, 1066) ; 

VoL. VIII. • 6 E 
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aUo in the chloriiuition, by ciiniilar means, of secondaiy hexyl iodide (finm huinnite) 
(Eraift, Bcr. ix. lOSd) ; and. together with perchforomethane and perchlorethane, by 
heating chrysene witli antimony pentachloride (Rtioff, Ber, x. 1234). 

^ pmCB&OROBZPBBirTXii is formed by exhaustive chlorination of 

diphenyl (Kuoff) ; also of diphenol, benzidine (diamidodiphenyl), and carbazol or 
diphenyliniido, NH(C*H*)*^Zetter, 1233). 

PBBCBLOBOMBSOZii This name is given by Kraffl to a chloride of carbon, 
C^Cl®, which is commonly produced, together with the perchlorinated derivatives of 
methane, ethane, and benzene, in the percblorination of fatty bodies. It is insoluble 
in water, but dissolves in alcohol, and crystallises therefrom in thin shining prismi^ 
melting at 390°. It boils, with decomposition and evolution of chlorine, at ^83°r-284° 
(mercury column wholly in the vapour; bar. 377 mm.) ' - 

PEReBXiOBOlllKSTBAirB, C01«. Carlxm re^A^'ds.-~This compopdjilr 
formed, together with carbon dioxide, by the action of iodine trichloride on triiihlhfr* 
acetic acid (Kraftl, Ber. ix. 1085) ; also, t(^ether with perchlorethano or perchlor6*« 
benzene, or both, by the action of iodine trichloride or of chlorine and iodine, 
on various hytlrocarbons (p. 1066); and, together with perchlorethylene, OHJl*, by ^ 
the decomposition of perchloropropane at 300° (p. 1505). The action of perchlor6->. 
methane on sodium ethylate ianot very definite, yielding merely two brown compotuida^ - 
together with sodium carbonate and a little oxalate. • 

PBRCBEOROMBTBn-MBRCAPTAB, CCHS « CCIM^OI, is formed,^ 
already described ^vii. 266), together with trichloromethylsnlphuroiis chloride, by * 
action of dry chlorine on carbon disulphide. It is an oily liquid boiling at 147® (corr.), 

V and having a sp. gr. of 1-712 at 12*8° (referred to water at 0°). Heated to 160° with 
chlorid^i it deposits a considerable quantity of sulphur in crystals, and yields 
zinc chloride, perchloromethane, carbon disulphide, and a small quantity of thiocar- 
bonyl chloride, CSCP. On •potassium cyanide it acts violently, with great rise of 
temperature and carbonisation. It does not act on mercuric cyanide at ordinary tem- 
peratures, but when the mass was heated to 150°, it charred and burst the tubes. 

PRRCBZiOROBAPBTBA&RBB. See Naphthalenh (p. 1350). 

PBRCBROROPROPABB, C^GIb, is obtained: 1. By heating trichlorhydrin, 
C*H*C1*, to 200° with iodine chloride (Kraffl a. Merz, Ber, viii. 1 045). 2, Together 
with perchloromethane by heating isobutane to 240° with iodine chloride, 
C®«+11C1« = C>C1» + CC1»+10HC1 (Kraflt a. Merz, loc, cit.) 3. Together with 
perchlorethano and perchloromethaiio, by the action of iodine trichloride on isobutyric 
acid(Kradl, ibid. ix. 1076). Perchloropropane is resolved at 250° into porchlorothane 
and perchloromethane (Kraill a. Merz). 

PBROBZiOROTRZPRBXrrXiAXIlIZXrS, (0«CP)’>N. See Fhenylamikes. 

PBRBZRO BARB, The bark of Pao Peroiro {(ieissospermum Vellosii^ Peckolt, 

(x: IcBve, Baillon) also called Pinguaciba and Canudo amargosa, is employed in Brazil 

a febrifuge. It contiiins at least two alkaloids which buvo been extracted by 
O, Hes.se (Ber. x. 2162). One of these, culled geissosperraino, cry-stallises in 
small white’ prisms terminated by dome.s, diH.solves very sparingly in water and in 
ether, easily in alcohol and in dilute acids, and is precipitated from the acid solutions 
by ammonia and caustic soda in white araorplum.s flocks which soon become crystalline. 
The hydrochloric acid solution forms with platinic chloride a pale yellow amorphous 
precipitate, with auric chloride a brown-yollnW precipitate without reduction of metal. 
(Teissospermino dissolves in strong nitric acid with purple-red colour, becoming yellow 
on heating; with strong sulphuric acid it forms a colourless solution gradually 
becoming pale yellow; sulphuric acid containing molybilic acid immediately dissoVes 
it with blue colour. Cryst-illised goissospermino has the composition 
and gives off its water at 130°. Its platimchloride has the formula 
(C»»H'^'N WHCl)* + PtCP. 

A second alkaloid of Pereiro bark, called Vereirinc^ is an amorphous powder easily 
soluble m alcohol, coloured blood-red by strong nitric acid, violotrrod by pure sulphuric 
acid. 


VBRZCRASB. This mineral from the Predazzito of Monte Somma, of which it 
forms from 9 t.o 41 per cent., has been analysed by A. Cossa {Gazz. chim, ital, 1877} 
-.393) ^yith the following results : 


MffO 

95-39 

95-78 


FeO ' 
4-66 = 
4-13 


Cossa prepared isotroffi laminae of periclase by fusing lupgnesinm sulphate with 
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sodium chloride iu a platinum crucible for four hours/ and leaving the fused mass to 
cool slowly. When a little ferrous sulphate was added, larger laminae wore formed 
containing 0*96 per cent. FeO. 

PERIODIC AOXB. See Iodikb, OxvaBN Acids op (p. 1095). 

ATBS. On IPotassiwn Permanganate, see p. 1267. On the 
rapid oxidation of Essential Oils and otlier Organic Substances by a mixture of this 
salt with strong sulphuric acid, see Oils (p. 1430). 

Silver Verman^^te is prepared by dissolving 168 pts. potassium permanganate 
with aid of heat, m 500 pts. water, and adding a solution of 170 pts. silver nitrate in 
200 water, whereupon the silver permanganate separates in fine black, metallically 
. .lustrous crystals, half an inch long, which may be purified by recrystallisation from 
I hDC water, washing with cold water, and drying (Martenson, lims. Zeitsehr. Pharm. 

: 

Zino Permanganate is prepared for pharmaceutical purposes by dissolving 127 pts. 

’ ,0f the silver salt just described in.hot water, stirring in 68 pts. of zinc chloride made 
. as neutral as possible (best prepared from zinc sulphate and barium chloride), and 
' filtering the liquid through gun-cotton. The filtrate is then evaporated on the wator- 
bftth to a viscid coasistence and left to cool, whereupon it solidifies to a crystalline 
V .^ass. Zinc permanganate thus prepared is a black-brown metallically lustrous salt, 

‘ fW soluble in water, and deliquescing in damp air. When heated in a glass tube it 
. 08 0^ purple vapour, and leaves a porous residue having the lustre of steel. 

Jwnen it is heated on platinum foil, the foil becomes coated with a ring-shaped deposit 
having a fine blue and yellow colour (Martenson, he. cit.) 

PB&OWSKXTS, GaO.TiO''^. Hossenberg. observed that this mineral, though 
belonging to the regular system, is bi-refractive, and attributed this anomaly to an 
internal transformation of the substance (vii. 899). The monometric character of the 
crystals has been confirmed by the measurements of N. v. Kokscharow {Jahrb.f, Mm, 
1876, 741 ; 1878, 88), and Des Cloizoaux {ibid. 7-19). According to v. Kokscharow, 
the mineral is optically biaxial, not uniaxial as stated by Hessenborg. Most of the 
Russian perowskites are not simple crystals, but penetration-twins. Des Cloizcaux, 
wdio has measured crystals of perowskite from Zermatt, attributes their optical 
characters to twin-formation and to the enclosure of bi-rofractivo lamellae of foreign 
substances. 

A. Kiiop {Jakrh.f, Min. 1877i 647) finds that the mineral from the Kaiserstuhl 
range, hitherto described as perowskite, contains niobic as well as titanic acid, and 
designates it as dgsanalite. The following is the result of his analysis, after deduction 
of silica : 

Cerium 

TiO” Nb>0‘ oxides CaO FeO MnO Na*0 

41*47 23*23 5*72 19*77 6*81 0*43 3*67 » 100. 

with traces of magnesia, potash, and fluorine, and small quantities of alumina. The 
sp. gr. of the mineral was found to be 4*13, which is perhaps too low; in consequence 
of the admixture of quartz and augito. The analysis leads to the formula 
0RTiO*.RNb*O®, and shows that dysanalite is a titanoniobate intermediate 
between perowskite, which is a pure titanate, and koppite (p. 1168), which is a pure 
niobate. 

PBBPBSlTYXi-MEXiAMZiril, C”H’®N«=rCXC‘^H‘^)*N*,is formed by the action 
of cyanogen chloride on diphenylamine (p. 909). 

PBRBXCXiar. See FYRKTHRUif. 

PERTBZOCTAKXC ACXB, according to R. W. Atkinson, COHN’S* 

according to PonomareflF (p. 608). Ponomareff finds by further experiments (Compt. 
rend, Ixxx. 1398) that pertliiocyanic acid, heated with ammonia to a temperature not 
exceeding 100° (in his former experiments the heat was raised to 150°-160°), yields 
a compound, C*H*N*S, which he designates as thiammeline, together with thio- 
melanurenic acid, Thiammeline is a white sandy powder which dissolves 

in 146 pts. of boiling water, and when heated with potash gives off ammonia and 
yields cyanate and thiocyanate of potassium. Hot strong hydr^hloric acid resolved 
it into hydrogen sulphide, sal-ammoniac, and cyanuric acid. Nitric aci»l oxidises- it 
to ammoline nitrate. Heated with amm^juia, it yields a body having the properties 
of melamine. Thiammeline dissolves in acids and alkalui, and forms precipitates 
with the salts of the heayy metals. ^ ‘ 

Acetyl-perthiecyanic Add, C*H(C*H*0)N^* (jfc 609). 

6 B 2 
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PB&V BA&SAMC. According to Baillon {pharm, J. Trans, [3], iv. 386), Peru 
and Tolu balsams aro the produce of the same tree, and the differences between them 
arise merely from the modes of prep^ation (comp. Balsams, i.>496, 498). 

For testing the purity of Peru balsam, the Apothekerzdtung recommends the determ- 
ination of its specific gravity. The pure balsam has a sp. gr. of 1*14-1 *16 ; moan 1*16. 
Peru balsam, which sinks in a solution of 1 pt. common salt in 5pts. water (sp. gr. 1*126), 
may be reganiod as pure ( Vkrteljahrschrift. •pr, Pharm. xxii. 99). Werner (ibid. 296) 
regards this method as inexact, and gives the preference to that which is recommended 
in the Pharmacopmia Germanica — namely, mixing the balsam with strong nitric acid 
and washing with water, pure balsam thus treated yielding a brittle mass, whereas 
adulterated balsam leaves an unctuous residue. 

PBTBOCSirB. This name is given by Hemilian (Ber, ix. 1604) to a hydro- 
carbon, C“H”, which may be separated from the highest-boiling portions of American 
petroleum. It crystallises from boiling benzene in yellow shining laminae, is nearly 
insoluble in alcohol and other, melts above 300^, sublimes when cautiously heated. 
By dilute nitric acid and chromic acid it is oxidised to a brown powder which is 
insoluble in the ordinary solvents, and sublimes with decomposition. With strong 
nitric acid and with bromine it yields substitution -products, and with sulphuric acid 
a sulphonic acid which forms insoluble lead and barium salts. 

PBTBOBBVM. Occurrence and Formation, — 0. Silvestri (Gazz. chim. ital, 
X. 1) found in the cavities of a prehistoric doleritic lava, 22 kilometers S.S.E. of the 
central cone of Etna, a petroleum-like substance, forming about 1 per cent, of the 
rock-mass, perfectly fiuid at 20®, but hardening partially at 17°. The sp. gr. of the 
lava in its original state was 2*797 ; after the extraction of the petroleum by ether, 
2*849. An analysis of the crude petroleum gave : 

82^49 1P61 3*33 2*67 « 100. 

Proximate analyses yielded : 

Per cent. 

Light Hydrocarbons of sp. gr. 0*860 (at 24°) and boiling at 79°-80° 0*74 

Hydrocarbons of sp. gr. 0*926 to 0*9408 (at 24°) and boiling at 

190°-280° 17*23 

Hydrocarbons of sp. gr. 0*946 to 0*9604 (at 24°) and boiling at 


2S0°-400° 31*95 

Paraffin melting at 62° 19*90 

„ „ 57*2° 22*89 

Asphalt 2*90 

Sulphur crystallising in monoclinic prisms 4*30 

„ „ rhombic pyramids 0*09 


The hydrocarbons were found to be paraffins, C“H^+*, the value of n ranging from 
13 to 18 ; their formation is attributed by Silvestri to the covering of organic struc- 
tures by the liquid lava, the organic matter being thereby subjected to a kind of dry 
distillation, the products of which Gonden.scd in the already viscid upper portion of 
the lava-stream and made it porous. 

The formation of petroleum beneath the earth’s surface is also generally attributed 
to the decomposition of organic remains, lli^ndelejeff, however (Ber. x. 229), objects 
to this view, chiefly on the ground that mineral oils are found in tertiary strata in the 
Caucasus, and in Devonian and Silurian strata in Pennsylvania, and must have boon 
formed in underlying and still older strabi where but few organic remains could have 
existed. He supposes that, as a consequence of the condensation of the earth’s sub- 
stance from vapours, the interior mu.st consist to a great extent of metals (iron pre- 
dominating) in combination with carbon ; and that water, acting on these carbides at 
high pressures and temperatures, produced mebtllic oxides and hydrocarbons, which 
latter, rising in the state of vapour, became coudensed in the superincumbent strata, 
especially in porous sandstones. 

Composition. Properties. Vses. American petroleum, as shown by 
the analyses of Pelouze a. Cahours (iv. 386), consists mainly of paraffins^ C"H*“+*, 
from C^H*® to C**H**. By fractional distillation, sometimes with the aid of steam, 
ordinary or superheated, aud purification of the distillates with caustic potash, a 
number of commercial products are obtained which are applied to various purposes, 
the lighter oils chiefly as solvents for resins, &c., the heavier for burning in lamps 
and as fuel for steam-boilers. The following account of them is taken mainly from 
Dammeris * Kurzes Handworterbuc^ der Chenqe;’ 

Bhigolenet b. p. 30°, used as an ansesthetie. 
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TetroUwnif-ether (Kerosolene, Hhigolene, Sherwood-oil) : distils at 46®-60° : clear, 
colourless oil having only a faint odour of petroleum ; b. p. 60°-60° ; sp. gr. 0*665 ; 
absorbs oxygen from the air and becomes heavier (0-670-0-676) ; extremely inflam- 
mable ; used as a remedy for rheumatic pains and as a local anaesthetic. 

Petroleum-ether, IT. (Gasoline, Canadol): distillate between 60° and 70°; has a 
sp. gr. of 0*666 ; second distillate between 70° and 90°. 

Petrolmm-benzin: distillate between 70° and 120° ; has a sp. gr. of 0*680 to 0*700 ; 
dissolves in alcohol and ether ; boils at 60°-80° ; absorbs oxygen and becomes heavier; 
dissolves fats, caoutchouc, asphalt, and turpentine ; less easily colophony, mastic, and 
danimar resin ; kills all small animal organisms, and is used externally as a remedy 
for itch and other skin diseases, internally for gastric pains ; also for the extraction 
of oil, the preservation of anatomical preparations, the carburation of illuminating 
gas, and for the preparation of lacquers and varnishes. Ligroin is a similar distillate 
used for feeding the so-called ‘ Ligroin or Wonder-lamps.’ 

Artificial Turpentine-(nl, Petroleum-spirit, Polishing Oil: distillate between 
120°-170°; obtained also with superheated steam; sp. gr. 0'740-0*745 ; does not 
dissolve resins ; used for diluting linseed-oil varnish and for cleaning printers’ typo. 

Illuminating OH, Petroleum, Kerosene, Paraffin Oil, Refined Petroleum, has a large 
and increasing consumption for lamps, also for warming greenhouses, &c. ; sp. gr. 
0*78 to 0*81 ; flashing point (in the open vessel) 90°-110° ; igniting point 110°- 

130° F. ; includes all the intermediate distillates from crude petroleum, ranging from 
sp. gr. 0*76 to 0*83. The line.st.quality of illuminating oil is produced from distillates 
ranging only from 0*776 to 0790; this, when treated by aeration, is the water-white 
high- tost oil used largely by the higher classes in America. It has a very high flash- 
ing point (120°-140° F. in the open vessel), as it contains none of the lighter parts 
of the crude oil. 

Lubricating Oil, — Sp. gr. 0*850 to 0*915 ; of a pale amber colour ; coming largely 
into use as an efficient lubricant in combinfition with rape, olive, or lard oil. The 
best qualities have a sp. gr. of about 0*896, the heavier oils from 0*900 to 0*916 con- 
taining solid paraffin. 

The residues of the distillation arc utilised for gas-making. 

The pre.scnt production of petroleum in the Unit ed States only, exceeds 60,000 
barrels or 2,600,000 American gallons daily. The quantity exported thence during 
the year 1879 exceeded 400,()()0,0()0 gallons. See Martins (Dingl. pol, J, cxxxv. 604 ; 
Jahresb,/, Chem, 1877, 1218). 

Russian Petroleum from the Caucasus (K. Linonko, Dingl. pol. J. ccxxvii. 78, 161). 
The district surrounding Baku, a city on the borders of the Caspian Sea, is the seat 
of the petroleum industry of the Caucasus. The regular extraction of this oil com- 
menced in 1872, and 65,0(t0 tons of kerosene from 200,000 tons of crude petroleum is 
the annual prixJuction at the present time. The crude oil of this district comes from 
springs not more than from 90 to 120 meters deep, and has a sp. gr. of 0*860 to 0*875 ; 
it yields only 33 to 35 per cent, of oil for lighting purposes ; the remaining naphtha- 
residue has lately come into request for raising steam in the steam-ships of the Lower 
Volga and the Caspian Sea. 

The refined oil of Baku is distinguished from the American by its greater density 
at 14°, the former being 0*820, the latter 0*800. 

The follow-ing table (p. 1510) showg the results of comparative experiments on the 
Russian and American oils. Three kinti’s of Russian oil were experimented on. The 
3rd kind is the heavy kerosene, manufactured for Persian consumption ; the 2nd is an 
ordinary commercial variety ; ■while No. 1 is prepared only in small quaid;ities. No. 2 
is a clear and slightly fluorescent liquid with a not disagreeable odour. The American 
varieties tested were of two kinds — 1st, the ordinary variety, of a yellow colour ; and 
2nd, the high-test, which also goes by the name of Australbl and Olcophin, The 
numbers show that the hydrocarljons in the Russian oil are more volatile than those 
in the American. None of them were obtained quite pure. 

The mineral oils of Buxi6rc-la-Gruo and of Cord esse, in Alsace, have been 
examined by J. Joffre (Bull. Soc. Chim. [2J xix. 647). They differ from American 
petroleum in being partly absorbed by fuming sulphuric acid, and converted by nitric 
acid into nitro-prwlucts. About 60 pep cent, of these oils consists of paraffin -oils, 
and is not attacked by those reagents ; the hydrocarbons, C"!!** and were 

isolated by fractional distillation. The porfions of these mineral oils which are 
absorbed by sulphuric acid consist of olefines, C"H'‘“, or of hydrocarbons containing 
a still smaller proportion of hydrogen.. They do not contain either benzene or 
naphthalene. 

Egyptian petroleum differs from the American by its much greater density 



Comj>arison of Russian and Am'rican Petroleum. 
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and by not containing the lighter oils or the ordinary burning oil of sp. gr. 0*8. It 
yields however an excellent lubricating oil, and in its crude state is well adapted for 
heating steam boilers, its use involving but little risk of fire (F. Weil, Monit. soient. 
ccxxvi. 432). 

Sulphur in Petroleum. According to H. Vohl (Dingl. pol. J. ccxvi. 47) all kinds 
of petroleum eon tain, sulphur, and may bo purified therefrom by treatment with acids 
and alkalis. The impurity is most easily detected by Jieating the petroleum with 
metallic sodium. If siilpliur is present, the bright metal soon becomes covered with 
a yellow crust of sodium sulphide, which may be dissolved off by water and tested. 
The quantity of the sulphur may be estimated by distilling the petroleum over red-hot 
lime, and subsequently weighing the sulphur as barium sulphate. Vohl found in 
different kinds of petroleum from O’SOO to 3T14 per cent, of sulphuric acid. 

On the use of the heavier petroleum oils, Vulcan oil, Opal oil, &c., as lubricators, 
see Oils (p. 1429) ; also J. J. Coleman (Pinal, pol. J. ccx. 196; Jahresb. f. Chem. 
1873, 1094). 

Use of Petroleum for Illumination. — Experiments on the comparative cost 
of a given amount of light from petroleum oil, colza-oil, and coal-gas have lately been 
made by Messrs. 15. and T. H. Redwood and Druggist, Pqq. 16, 1879, p. 

640). The following table exhibits the mean results for 1000 ‘ candle-hours,’ that is 
to say, for the amount of light which would bo obtained by burning a standard sperm 
candle for 1000 hours. 


Cost of 1000 ‘ Candle-hours* 


[ Froni petroleum -oil 

From eolza-f»ll 

From coal-gn.s 

at per gallon 

at per gallon 

at per 1000 cubic feet 

! 9rf. 1.9. l5. Zd. 1.9. Gd. 

36'. 3.S. Gd. 4>s. 

3.S. 3.9. Gd. 4.9. 

1 1 1 

II 1 1 

Ofy/. ll io5. \s.Gd. 

1 1 1 

26. Ad. 2.9. 8r?. 36. O-JrZ. 

1 11^ 
1.9. 3f/. 1.9. 6 Jr/. l6. Gd. I 


These numbers show that, taking petroleum-oil at Is. per gallon, and colza-oil at 
3s. Cul. per gallon, the cost of a given amount of light is more than three times great or 
for the latter than for the former ; and that, taking petroleum at. Is. per gallon and 
coal-gas at 3.9. Gd. per 1000 cubic foot, a given amount of liglit from the former costs 
only about half what it docs when obtained from the latter, while there is the 
additional advantage tliat properly purified petroleum-oil in burning docs not produce 
sulphur-compounds. 

Flashing Point of Petroleum. — This term is used to denote the temperature ct 
which any sample of petroleum or its products begins to give off inflammable vapours. 
The more vobatile kinds giA’ooflf such vapours oven at ordinary temperatures, and the.se 
vapours when mixed with air form explosive mixtures : hence tin* use of such oils for 
burning in lamps is attended with great danger. To prevent accidents from this 
cau.se, it was enacted Ijy the American Petroleum Act, and by the Jlritish Petroleum 
Act of 1871, tliat no petroleum-oil should be used for burning in lamps which gives 
oflF inflammalde vapours at any temperature below 100° F. (or 38° C.) when tested in 
an open cup described in the Schodalo of the Act. The great increase in the con- 
sumption of the article between the years 1871 and 1877, however, necessitated the 
adoption of a system of testing less liable to variation in the hands of different 
operators. This question having boon roforred to Professor Abel, he proposed the 
use of a dosed vessel to bo heated by hot water, with a standard flashing-point of 
73° F., which was found to be the equivalent of 100® on the open cup system.* This 
proposal, being favourably reported on by the Pt'troleuni Trade Association, was 
eventually adopted as the basis of the new Petroleum Act of 1879. 

The testing apparatus above mentioned consists of a small closed oil-cup fitting 
into a water-bath. On the top of the cup is a brass slide, and a minute oil-lamp with 
a jet. A thermometer is also fixed with its bulb in the oil cup. The operator 
watches the thermometer, and at intervals draws out the brass slide, thus causing a 
jet of flame to dip into the oil-cup. The ‘ fia.shing point,’ or temperature at which the 
petroleum begins to give off an inflammable vapour, is thereby ascertained. This 
apparatus is accurately described and figured in the scheilules of the new Act. (See 
also Chemist and Druggist, Dec. 16, 1879, p. 641 ; Clwm. News, xl. 305). 

^ It will be observoil that the standard is not loirercdhy this altcrjiLion.but simply adjusted to the 
now systcni. More tlmn 1000 samples wore trioil on the two systimis, the variiitions ranging from 
26° to 20° F.; hence 27° was adopted as the mean variation, making the standard 73° instetid of 100°. 
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Gas from Petroleum . — The value of petroleum and coal-tar for tho production of 
gas has been studied by A. Wagner {Dit^l. ccxvi. 250). Experimenting with a 
peti*()leum which began to boil at 150®, he found that when tho vapours given off 
below 288® were passed through a red-hot porcelain tube filled with lumps of pumice- 
stone, tho petroleum was resolved into ^ gas, I condensed products, and residue left 
in the retort. The gas consisted of 6*0 vol. p. c. acetylene, 35*96 heavy, and 59 light 
hydrocarbons. AVagner is of opiuif)n that tho first product of the decomposition of 
the petroleum at high temp(u*atures is ethylene, which is partly decomposed according 
to the equation C-IP = CIf* + C, and that tho methane thus produced is further 
decomposed, yielding acetylene and hydrogen : 2CH‘-=C-H- + Petroleum-ether 

yields a larger quantity of gas than crude petroleum. 1 gram of petroleum yielded 
0*876 lit. gas ; 1 gram of petroleum-ether gave 0*916 lit. gas. 

Wagner rejects as worthlo.ss all projects for making gas by distilling petroleum 
inixcil with wood, peat, charcoal, &c., bec;iuse tho dry distillation of these solid sub- 
stances always produces water, which in evaporating carries the petroleum along with 
it, before the petroleum can be converted into gas. The only rational way of convert- 
ing petroleum into gas i.s to heat it by itself, and in tliis operation a high temperature 
of the retorts is an indispensable condition. 

Petroleum gas when burnt alone requires burners with small apertures ; it is very 
W’ell adapted for heightening the illuminating powrer of gas of inferior quality. The 
prodiurtion of an illuminating power of 136 kilos, of stearin requires a quantity of gas 
obtained from 1 cwt. of petroleum or from 2*6 cwt. of Boghead coal. 

Tho composition of tho gas emitted from certain petroleum springs in West 
Pennsylvania has been determined by S. P. Sadtler (Amer. Chem. vii. 97) : 





Hums 
Gas- well 

Leeclibiirsh 
Gas- well 

Ifarrey 

well 

Cherry-tree 

well 

Carbon dioxide . 



0*34 

0*35 

0-66 

2 28 

Carbon monoxide 



traces 

0*26 

traces 

— 

Olefines 



— 

0*56 

— 

— 

Methane . 



75*44 

89*65 

80*11 

! 60-27 

Hydrogen . 



6*10 

4*70 

13*50 

22*60 

Ethane 



18*12 

4*39 

5*72 

6*80 

Propane 



traces 

traces 

traces 


1 Oxygen 



— 

— 

— 

1 0*83 

j Nitrogen . 



— 

— 

— 

1 7*82 


See also Gasks (p. 858). 


PSTZZTB. See Tellurium Minerals. 

PBVCSDAirZM', C*«jr«0‘, an.l OBOSSBOSTB, (iv. 216, 386). The 

compo.sitioii and mutual relations of these bodies have been further examined by 
Hlasiwetz a. Wcidel {TAehig's Annnlen, dxxiv. 67). By decomposing an alcoholic 
solution of peiuHvlanin with hot aque<jus hydrochloric acid, and by passing dry hydrochloric 
acid gas over peucedaniri, they obtained oroselone, tho reaction in the latter case being 
attended with the evolution of a gas (probably methyl chloride) which burned with a 
green-edged fiame : 

+ 2IICI = 2G11»CI + C>«H»20b 

Angelic acid, which was stated by Wagner to be formed in the decomposition of 
oroselone with potash, was not obtained by Hlasiwetz a. Weidel, either in the reac- 
tion just mentioned, or by decomposing oroselone with alcoholic potash. 

Oroselone fused with potash yields resorcinol and acetic acid : 

+ 211=0 = 2C®H«0= + C*H^O*. 

Feucedanin fused with potash yields only a small quantity of resorcinol. 

Oro.selone is readily attacked by acetyl chloride and vaUryl chloride, yielding 
monacotyl-oroselono, C‘®H"(C=H*0)0\ and inonovaleryl-oroselone, 
C**H”(G*H®0)0\ rc.spectively. Tho former cry.sta11ises in slender colourless needles, 
melting at 1 23® ; the latter forms large rhombic prismsmelting at 95®“-97®, and is 
not identical with athamantin (i. 430). Monovalcryl-orosolono is decomposed by 
gaseous hydrogen chloride into valeryl chloride and oroselone. 

The relation between peucedaniri and oroselone may perhaps bo represented by tbe 
following formulae ; 

Oroselone. Foncodanin. 
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Orosclone may bo regarded as an aldehydic compcund, and pencedanin as a corre- 
sponding ketone analogous thereto. 

PHACOXiXTB. This variety of chaba^ite, originally found at Leipa in Bohemia 
(i. 844), occurs also in a basaltic conglomerate in the neighbourhood of Giessen. Six 
analyses by Burkhardt a. irammorschlag gave as a mean result ; 

SiO* Al“0» Fe»0» CaO K»0 Na»0 irO(*.) 

46-82 19-29 0 14 10*29 0 14 0-70 14 98 7-38 

(*) Given off up to 300®. (*) Above 800°. 

(A. Strong, Jahrh.f. Min. 1877, 725). 

Soebachite from Richmond in Victoria (vii. 1077) is regarded by G. vom Rjith 
{ibid. 1876, 63) as identical with phacolite ; ho finds that it belongs to the rhombo- 
hodral system, has a density of 2*135, and gives by analysis : 

SiO» A1»0* CaO K*0 Na*0 H’O 

46-08 21-09 6-76 1*77 4*62 21*08 « 100*29 

leading to the formula, 

KNaWAl'Si«0« + 24IPO = 2(K},Na*)20,2Ca0,4Al»0> 16SiO» + 24H*0, 

which requires 4671 SiO* 20 00 AlW, S-46 CaO, 2-29 K*0. 4 52 Na»0, and 21 «2 
IPO. An analysis of seobachito by Lepsius {Jahresb. f. Chem. 1874, 1264) gave 
44*77 SiO'-. 22*10 Am\ 7*51 CaO. 3*18 Na*0, and 22 07 H*0 = 99*63. 

PBJBACTnrZTS. A radiate transformation product of hornblende, forming 
one of the constituents of the isenito of Na.ssau (see Isknite, p. 1126). 

PBARMACOXiZTB. Native calcium arsenate (iv. 387). According to measure- 
ments by A. Schrauf {Jahrh. f. Mm. 1873, 616) the crystals are morificlinic, having 
the axial ratio alb: 13727 ; 1 : 0*362226, and the angle a ^ = 96° 463'. 

Picropharmacolife, hitherto regarded as a pharmacolitc, appears from analyses by 
A. Frenzel (ibid. 1873, 786) to bo a distinct mineral species. The microcrystalline, 
probably monoclinic, mineral occurs in white groups rarely coloured blue by copper, 
on copper pyrites, gneiss, and even on the timbering of the ‘ hohe Birke* and ‘ Kroner* 
mines at Freiberg. 

A. Analysis. B. V^alues calculated from the formula 6Ca0.2AsW+ 12H*0 : 

Ah» 0‘ CaO MgO H*0 

A. 46*93 (>) 25*77 3*73 24*01 (*) = 100*44 

B. 48*11 29*29 — 22T)0 == 100 

(*) A check analysis gave 48-14 per cent. (*) 13 per cent, given off at 100°. 

PHSXTAMYBAMZXrs, or Amido-arnyUenzme, C«H«(C^H")NH'^. A base 
isomeric with amylaniline, and produced therefrom by intramolecular atomic inter- 
change. See Benzenes (Amteamido-), p. 206. 

OTP— CH 

PHBWAWTHRBllfl!, = I 1 1 . J9j»5<?«ycnc-cMw^c??c.-~This hydro- 

carlx)n, isomeric with anthracene, has alrejidy been described in connection with the 
latter (vii. 84; viii. 95), but many important observations relating to it have hitcly 
been published. 

Phonanthreno is one of the constituents of the substance called ‘ idryl,* obtained 
by the dry distillation of an Idrian quicksilver ore (p. 1084). 

Ostermayer (Her vii. 1089) prepares phcnanthreiie by subjecting crude anthracene 
to slow fractional distillation, collecting the portion which passes over between 320° 
and 360®, boiling it with a large quantity of alcohol, and leaving the solution to 
crystallise. The first crystallisatioii must be rejected, as it consists chiefly of anthra- 
cene ; but the profluct obtained from the mother-liquor consists, after two recrystal- 
lisations from alcohol, of nearly pure phenanthrenc molting at 98°-100”. Phenanthrene 
obtained by treating the dibromide (vii. 86) with alcoholic potash, melts at 96®, and 
the same melting point is exhibited by phenanthrenc obtsiined by heating phenanthra- 
quipono with zinc-dust. 

On the purification of phonanthreno, see talso Ilayduck (Lkbigs Annalenf clxvii. 
177 ; Ber. vi. 632 ; Jahred).f. Chem. 1873, 394). 

Action of Chlorine . — By exhaustive chlorination with chlorine and iodine (p. 1066), 
phonanthreno is decomposed like anthracene, yielding perchlorobcnzene and perchloro- 
mtithano, the formation of these bodies being perhaps preceded by that of perchloro- 
phenanthrene (Ruoff, Ber. 1048). 

Pbenantbrene Bibromlde and Bromopbenantbrene (Hayduck, LieUfs 
Annalmf clxvii. 180). The dihromide^ C‘*Il*®Br^ which Fittig a. Ostermayer obtained 
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by dropping bromine into an ethereal solution of phenanthreno (vii. 86), may also be 
prepared by dissolving tlu* calculated quantities of pheiiaiithrene and bromine in 
carbon sulphide, and slowly mixing the solutions after cooling them with ice, and 
separates after a few hours in welUdetinod flat four-sided prisms which, after washing 
with a little cohl carbon sulphide, and pressing between paper, are nearly white. It 
slowly decomposes when kept, turning brown and giving off hydrogen bromide ; molts 
at 98° with brisk effervescence and evolution of hydrogen bromide, and is converted 
into monobrornophenanthreno. Solution of silver nitrate added to the cold alcoholic 
solution forms a precipitate of silver bromide. Heating with alcohol produces 
immediate decomposition. According to Anschutz (Bcr. xi. 1217), the dibromide 
treated with nitric acid in acetic acid solution, appears to yifld a nitro-product. Dis- 
solved in alcohol and treated with potassium cyanide, it yields phenanthreno. 

Monobromophenanthrene^ C‘^H“Br, is formed, as above described, by the 
action of heat on the dibromidc, also by heating that compound with water. To pre- 
pare it, the dibromide is heated on a water-bath as long as hydrogen bromide continues 
to escape, and the residue is dissolved in hot strong alcohol, from which it separates 
as an oil which quickly solidifies to a crystallino mass. From weaker solutions it 
crystallises in thin white prisms, which melt at 63'’, and dissolve readily in glacial 
acetic acid and carbon sulphide. The alcoholic solution exhibits a slight fluorescence. 
Hromophenanthreno may ho sublimed without decomposition ; it does not give off 
bromine when heated for several hours with alcoholic potush, but when heated with 
sodium aTnalgam in alcoholic solution it yields sodium bromide and phenanthrene. 

The carbon sulphide from which phenanthreno dibromide, prepared as above, has 
crystallised out, still retains bromine-compounds which remain as a soft brown mass 
on distilling off the solvent. Cold ether decomposes this brown substance into an 
easily soluble oily compound and a yellowish powder which remains undissolved. The 
oily compound, which retained its dark colour even after repeated attempts at 
purification, gave by analysis 31-5 per cent, bromine, answering to the formula of 
monobromophenanthrene. It was not altered by boiling with alcoholic potash, or 
apparently by sodium-amalgam in alcoholic solution. Bromine decomposes it with 
evolution of hydrogen bromide, but the product is an uncrystallisablo resin. 

Dibromophenanthrenc, C'^H^Br-.- This is the composition of the above- 
mentioned yellow powder insoluble in ether; it is formed in small quantity only. It 
dissolves sparingly in hot alcohol, aiwl separates from solution in glacial acetic acid in 
the form of a yellowish-white indistinctly crystalline powder molting at 202°. Another 
dibromopheiianthreno is formed on adding bromine to a solution of the monobromo- 
derivative in carbon sulphide. The reaction goes on to the end, with evolution of 
hydrogen bromide, even at ordinary temporature.s ; and oiMlistilling off the carbon 
sulphide after a few hours, and dissolving the residue in warm alcohol, dihronio- 
phenanthrene separates on cooling in nodular groups of white nec<lles (still redlining 
a little of the monobromo-deri vativo), which melt at about 110° and gradually soften 
even below this temperature (Hayduck). 

Two other dibromophimanthroncs are described by Zetter {Bcr. xi. 164). One of 
these, formed by the action of bnjiiiine on phenanthrene in ethereal solution, crystal- 
lises from alcohol in long needles, melts at 148°, and sublimes in yellow needles. 
Most solvents dissolve it readily, and deposit it in crystals when evaporated. Another 
formed together with the la.st, crystallises in tables which melt at 1*58°, and do not 
sublime even when strongly heated. It dissolves easily in the ordinary solvents, and 
crystallises from the solution on evaporation..*’ Neither of these dibromo-compounds 
is attacked by boiling alcoholic potash. 

Tribromophenanthrene^ 0‘^IPBr’, is formed when a solution of the dibromo- 
compound in carbon sulphide is heated with bromine for several hours in a reflux 
apparatus. The product which remains on evaporating off the carbon sulphide 
ci^stallises from hot glacial acetic acid in very slender white silky needles, molting at 
126°. On heating it ivith bromine to 140^ in sealed tubes, further bromination bikes 
place, yielding products which arc nearly in.soluble in cold alcohol and glacial acetic 
acid, .slightly soluble in benzene, more readily in hot xylene, from which they separatti 
as a white long-fibred crystalline mass, which does not melt at 290° (Hayduck). 
Ztttter obtained the same dibromophenan throne by heating phenanthreno to 130°-140° 
with the calculated quantity of bromine. 

Tetrahromophenanthrene^ C'^H®Br*, is produced when phenanthreno is heated to 
200°--210° with the requisite quantity (ff bromine. It form.s small granular crystfils, 
wliich melt at 183°-185°, and dissolve in benzene and toluene, but scArcely in alcoliol 
or ether (Zetter). 

HexhroTMrphenanthrenc, C**H<Br®, is formed on heating phenanthreno to 280° with 
the calculated quantity of bromine and 1 mol. of itxLino. It sublimes in snow-white 
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needles, which melt at 245^^, and dissolve in glacial acetic acid, benzene, and toluene 
(Zettor). 

Heptabromophenanthrene, C’^IPJlr’, is produced by heating phenanthrene, with 
excess of bromine containing iodine, to 300°, or a higher temperature, in sealed tubes. 
It sublimes in small yellowish needles, which melt above 270° (Zetter). 

Cbloropbenanthrenes (Zettor, loc.ciL) A solution of phenanthreno in glacial 
acetic acid absorbs chlorine rradily in the cold, and gives off hydrogen chloride. The 
product of tlie reaction consists mainly of dichlorophenanthrene tctrachlori<le, but 
contains also dichloro- and moiiochloro-phenanthrene. 

IHvhlorophcnanthrnic teirachloridc, C“1I*C1*.C1‘', crystallises in small colourless 
needles, which dissolve very tiasily in alcohol, ether, benzene, and toluene, melt at 
145°, and give off hydrogen chloride at a slightly higher temperature. When heated 
w'itli alcoholic potJish, it loses first one and then a second atom of chlorine, yielding 
tetrachloroplienanthrene. 

Monochlorojihmianthrenc, C'^ll*’Cl, is an oily liquid, easily soluble in the liquids 
named above, but not in water. It carl)Oiii.ves when slightly heated. 

DichJorophenanihrvnp, C“IPCT‘-, is an amorphous wliito substance, easily soluble in 
glacial acetic acid, ctliyl acetate, alcohol, other, benzene, and toluene. It molts to a 
transparent oily liquid at a low temporaturo. 

TetracJilorophmanfhrene, C^IPCP, is formed by the action of antimony penta- 
chloride on phenanthreno in tlie cold, or by the action of iodine chloride atl00°-110°. 
It crystallises in small yellowish needles, which dissolve easily in ether, benzene, and 
toluene, but very slightly in alcohol. Tho crystals melt at 171°~172°, and sublime 
in thill yellowish needles. Xcither this nor any of the higher chlorinated products is 
affected Ijy boiling witli alcoholic potash. 

Ife.X(‘}doroph('nanthrc7ie, C“H^Cl“, is formed by the action of antimony pentachloride 
on phenanthreno in closed tubes at 120°-140®, or in tho oil-bath at 180°-200°. It 
sublimes in white feathery crystals, which molt at 249°-250°, and dissolves very 
sparingly in alcohol, other, and aciitic acid. 

Octovhlorophc7ianthrciie^ C“H"C1®, is produced on heating phenantlirene with excess 
of antimony pentachloride to 180° 200°. It crystallises in indistinct granular forms, 
and sublimes in yidlow needh's, which melt at 270°-28ff". It is nearly insoluble in 
alcohol and ether, but dissolves easily in benzene and toluene. 

KTitro- and Amldophenanthrenes (G. A. Schmidt, Ber. xii. 1153). Three 
mononitrophenaiitlirenes are obtained when nitric acid (sp. gr. 1‘35) is alh)wed 
to act slowly on plicnanthrene mixed with sand, .and may be separated, though with 
great ditficulty, by fractional crysiallisatiou from alcohol, ether, toluene, ami glacial 
acetic acid. 

a^yrononitrophcnanlhrene, C’^il^(NO-), is obtained in largest quantity, and is 
identical with the monoiiitroplienaiitliTcne described by Graebo (vii. 85). It crystal- 
lises from alcohol or glacial .acetic acid in straw-yellow needles melting at 74° (at 
70°-80° according to tlrjicbc). The presence of .‘{mall traces of impurities causes it 
to remain liquid even at very low temperatures. By reducing it with tin and hydro- 
chloric acid, or with alcoholic ammonium sulphide, a-amid(yphmanthremhydrocMoride^ 
C"1I"(NII“).1IC1, is obtained as a white crystalline precipitate, which is sparingly 
soluble in uater, and is rapidly decomposed on exposure to the air. Tho sidphnie, 
(C*‘li’*.N]P)'-ll'*SO‘, is much more si able, and consists of a white powder sparingly 
soluble in alcohol and in water. 

cb-Amidnplwnmithrem is insoluble in water, and crystallises from dilute alcohol in 
small yellow plates. 

a~Mononitrophenanthraqvinnnc is formed by tho oxidation of the nitro-conipound 
with chromic and acetic, acids. It crystallises in brilliant orange-yellow plates 
(in. p. 215°-220°), which are insoluble in water and sparingly soluble in alcohol, ether, 
and benzene, but more easily in glacial acetic acid. 

^Mmionitrophenanlhrene, C“II®(NO‘''), differs but little in appearance and solubility 
from the o-compound, although it is somewhat loss soluble in ether than the latter. 
It is obtained in smaller quantity than either of the other isomcrides, and melts at 
127°. Unlike the o-compoimd, it is only acted on with difficulty by alcoholic 
ammonium sulphide, and is best reduced by tin and hydrochloric acid in alcoholic 
solution. ^-Amidophevanthmin hydrochloride forms a moderately stable crystjilliiie 
mass, which is sparingly soluble in water. ^•Amidophnanthnne crystallises from 
alcohol in small brilliant plates, ^-^lonmillrophmanthrvne is more difficult of oxida- 
tion than the o-compound, and gives a product which crystillisos from glacial acetic 
acid in brilliant orange-yellow needles (m. p. 260°-26C°). 
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y^Monothitroplicnanthrene^ C''‘H’‘{NO*), crystallises in small brilliant plates (m. p. 
170°), which are of a darker yellow colour, and are more sparingly soluble in ether 
and alcohol than the »- or /8-compound. 

y^Amidophetmithrene hydrochloride, C*^H®(NH*).HC1, obtained by reduction of the 
nitro- compound ■with alcoholic ammonium sulphide, forms yellowish brilliant crystals. 
The free base resembles the a- and /3-coinpounds. 

On oxidation with chromic and glacial acetic acids, y-nitrophonanthroiie gives a 
compound which crystallises in dark orange-yellow needles (m. p. 263°), which are 
only very sparingly soluble in alcohol, but easily in glacial acetic acid. 

Binitrophenanthrene, C"ll"(NO-)% is obtained by prolonged action of nitric 
acid on phenanthrene at 100°, — also, together with the monoiiitro-derivative, when 
the temperature is not kept low enough in the preparation of the latter. It crystal- 
lises from glacial acetic acid and melts at 150°-160° (Graebe). 

Nitrobromophenanthrenes. — When monobromophenanthrene dissolved in 
glacial acetic acid is warmed with nitric acid, a mixture of at least two nitro-com- 
pounds is precipitated on the addition of water, in the form of yellow microscopic needles. 
From this mixture, carbon sulphide or ether extracts one of the bodies, and loaves the 
other as a reddish-yellow substance, which has not been further examined. The 
soluble portion after recrystallisation yields fine prisms or compact crystals of mono- 
nitrohromophenantkrcne, C'^H*(NO*)Br, melting at 195° and subliming in long needles 
(Anschutz, Bcr, xi. 1207). 

Bydrosyphenanthrenei or Ptaenantlirol, ~ C"Il’’(OH). This com- 

pound is obtained by treating phenanthrene with the calculated quantity of fuming 
sulphuric acid, converting the resulting monosulphonic acid into au ammonium salt, and 
fusing the latter with potash. The prwiuct crystallises from a mixture of benzene and 
petroleum-spirit in thin laminse, which exhibit a bluish fluorescence, and melt at 112°. 

Phonanthrol dissolves easily in alcohol and ether, less easily in benzene, and 
slightly in water. On exposure to air it .acquires a red to brown colour. Alkalis 
dissolve it easily, forming crystalline compounds, which are readily soluble in water. 

With acetic and benzoic anhydrides phcnanthrol forms ethers which crystallise 
well. The acetyl-compound, C‘*II®0(C*H*0), obtained by heating phenanthrol to 150° 
with acetic anhydride, crystallises from alcohol in shining laminse, which melt at 
117°-118° (G. Rchs, Ber, x. 1252). 

PbeDantbrene-carboxyllo Acid, C^IP.COOH. Of this acid there are two 
modifications distinguished as o and /3. The first, discovered by Japp a. Schultz 
(Ber. X. 1661), is obtained by converting crystallised calcium phenanthrenesulphonato 
into the corresponding sodium salt, distilling the latter with potassium forrocyanide, 
saponifying the resulting nitril with alcoholic potash, and acidifying the solution with 
hydrochloric acid, which throws down the phenanthrene-carboxylic acid in bulky white 
flocks. It is nearly insoluble in water, but dissolves easily in alcohol, ether, and 
glacial acetic acid, melts at 260°, and sublimes with partial decomposition. Its 
alkali-salts are ea.sily soluble in water. The baiium salt, (C'*H®COOy®Ba 4 11*0, dis- 
solves easily in hot wat er, and crystallises therefrom in tufts of needles. 

By distillation with soda-lime, the acid i.s converted into phenanthrene, and by 
oxidation with chromic acid in acetic acid solution it is converted into phenan- 
thraquinone-carboxylic acid; this determines its formula as under: 


COOH— C«lI*~CO 

Phcnantliraqulnonc- 
carboxylic acid. 


. COOH— C*I1»— CH 



a-Phcnantiironc- 
tairboxylic acid. 


^-Phenanthrene-carboxylic actrf, discovered by Japp {Chem. Soc. J. 1880, xxxvii. 
83), is obtained from the dark syrupy mother-liquor which remains after the crystal- 
lisable calcium phenanthrenesulphonato above-mentioned hjis separated out. This 
mother-liquor contains an isomeric calcium phenanthrenesulphonato ; and on convert- 
ing it into sodium salt, distilling this salt in the dry state with 1 J times its weight of 
potassium ferrocyanide, and boiling the resulting nitril with alcoholic potash for more 
than 100 hours, with inverted condenser, then distilling off the alcohol, digesting the 
contents of the flask with water, diluting, filtering, and acidifying with hydrochloric 
acid, /S-phenanthrone carboxylic acid separates out as a dirty-wliite flocculent precipi- 
tate (above 80 grams from 2 kilos, of coiftmercial phenanthrene). It is most rc.-ulily 
purifi^ by converting it into the Sfxlium salt, recrystallising this salt till it is quite 
colourless, and acidulating its solution with hydrochloric acid, which throws down the 
/3-acid as a white flocculent precipitate. 

/S-Fhenanthrene-carboxylic acid is soluble in alcohol, ether, and glacial acetic acid 
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almost insoluble in water. From a hot saturated solution in acetic acid, it crystallises 
in stellate groups of colourless needles. 

The following table exhibits a comparison of the physical characters of the two 
phenanthrene-carboxylic acids and of their sodium and barium salts. Most of the 
crystallographical cliaracteri sties can bo perceived only with the ai<l of a microscope : 



a-Acid 

^•Aold 

Acid . 

Sodium Balt . 

Barium salt . 

1 

Crystallises from hot glacial 
acetic acid in colourless, curved 
blades, with parallel edges, and 
a rectangular termination. This 
curvature is very characteristic. 
Sublimes in fem-shaped leaves. 
M. p. 266®. 

C*<H*.CO*Na + 4H20. Tufts 
of colourless, pointed blades. 
100 parts of water at 20® dis- 
solves 6 8 parts of the anhydrous 
salt. Almost indefinitely solu- 
ble in boiling water. 

(C>‘H®CO'‘)*Ba + 7n*0. Colouiv 
loss, long needles of extraordi- 
nary fineness and flexibility, 
radiating from one point to 
form large balls or tufts. Under 
the microscope a tangled mass 
of these flexible needles has the 
appearance of vegetjible fibre, 
100 parts of water dissolve — 

At 20® . -OOe^partof anhy- 
„ 100® . ‘SGO > drous salt. 

Crystallises from hot glacial 
acetic acid in stellate groups 
of colourless, straight, pointed 
needles. Sublimes in fern- 
shaped leaves. M. p. 260®- 
252°. 

C»<n».CO*Na + 6H*0. Colour- 
less, rhomboidal laminae, with 
a slightly satiny lustre. 100 
parts of water at 20® dissolve 
6*2 parts of the anhydrous salt. 
Almost indefinitely soluble in 
boiling water. 

(C*^H*.CO*)*Ba + 611*0. Co- 
lourless, long, brittle, rectan- 
gular laminse, united in a rami- 
form crystallisation. 100 parts 
of water dissolve — 

at 20° . •27)partsofanhy- 
„ 100° . 3*70 { drous salt. 


The /3-acid is converted by oxidation with chromic acid into phenanit:hra- 
quinone, with elimination of the carboxyl-group : consequently it must contain this 
group attached to one of the carbon-atoms which in the quinone are united to the 
quinonic oxygon, thus : 

cm^—c -co.oH c«n^— CO 

I II + 0* = I [ + CO* + H*0; 

C«H<— CH 6»H^--C0 

/5-Phenantlircno- Phenanthra- 

carboxylio acid. quliionc. 

and the sulphonic acid from which it is derived must bo represented by a similar 
formula with SO*.OH in place of CO.OH. 

C«H^— CO 

Phenantbraqulnone, -- | | . The preparation, properties, 

C*H^-CO 

and principal rcjactions of this compound have already been described (vii. P2-95). 
When distilled with dry soda-lime, it is iilmo.st completely converted into diphenyl, 
but when the soda-lime contains a considerable .amount of moisture, fluorene, fluorene 
.alcohol, diphenylene ketone, and a red body .are formed. The latter result is explained 
by the fact that the water and soda in tlio soda-lime convert the phonanthraquinone 
into diphenylene ketone and diphenyleno-glycollic acid, which latter decomposes, 
yielding fluorene alcohol, (C“fI^)*.CHOH (p. 673). Heated with quicklime, phenan- 
thraquinone forms fluorene and diphenylene ketone. In the same way^when diphenic 
acid, C'^H*“OS is distilled with quicklime, it yields diplienylcno ketone, a red body, 
and traces of diphenyl, but when heated with a mixture of slaked and quicklime, it 
gives diphenylene ketone, diphenyl, and a red body, wliilst with slaked lime, soda- 
lime, or zinc-dust, it yields diphenyl and only a trace of the red body (Anschutz a. 
Schultz, Ber. ix. 1400). 

Mcoholio potash converts phenanthraquinone into diphenic acid, 

C»H<— CNH 

with alcoholic ammonia it yields phennnthraquinonimide, , which 
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crystallises in bro^vnish needles melting at 167®. Its formation is represented by the 
equation : 

+ NH* = C“H«»NO + H’O. 

By strong hydrochloric or sulphuric acid the imide is reconverted into phenanthra- 
quinono. When phenanthraquinono is herited with alcoholic ammonia for several 
days in sealed tabt-s, a mixture of several substances is obtained, one of which has 
the composition and forms dark-green or brown needle-shaped crystals, 

slightly soluble in amyl alcohol (Anschutz a. Schultz, Lichigs Annulen, cxcvi. 49-53). 
K. Si'hmidt {Ber. vii. 1365), by treating phenanthraquinono with aqueous ammonia, 
obtained two compounds represented by the formulie C“ll’-N‘-0- and 

Oxidation by Permanganate, — rhenanthraquinone, treated wdth very weak soda- 
ley and potassium permanganate at 100°, yields diphenyleno ketone. When boiled 
with weak soda-ley alone it yields diplnmylene-glycollie acid, and when heated with 
dilute solution of permanganate alone it yields diphenie acid. Diphenyleno ketone 
and diphenie acid, when further oxidised with alkaline permanganate, yield phthalic 
aciil, but apparently no isophthalic or tercphthalic acid. The same product was 
obtained .also by the oxidation of sodium plnm.'inthreno-sulphonatc with polassium 
permanganate (Anschutz a. Japp, Ihr. xi. 211). 

Action of Zinc-ethyl . — When finely powdered phonanthraquinone is gradually 
added to zinc- ethyl diluted with ether to such an extent that it is no longer spon- 
taneously inflammable, a reaction tiikes place .accompanied by evolution of gas and 
precipitation of a whitish powder. The addition of the quinonc must bo continued so 
as nearly to exhaust the zinc-cthyl, but leave it in slight excess. On doconiposing the 
product with excess of alcohol, boiling, and filtering hot, a substance is obtained 
having the composition C^^H'^O^.C-H^O, in transparent nearly colourless rectangular 
plates, often nearly an inch long, sometimes grouped in rosettes. It begins to soften 
at 73° and melts at 77® ; dissolves readily in all the ordinary solvents except water, 
which takes up only traces of it. Exposed to the .lir for some days in the finely 
divided state, it gradually changes to a deep orango-colourod gummy mass ; in a 
vacuum, however, it remains unaltered. 

The compound has not been obtained in the pure state, inasmuch as the 

last traces of alcohol cannot bo expelled without decomposing it; but its aevigU 
derivative, C‘®H‘®0*(C'ID0), obtained by boiling it for some hours with acetic 
anhydride and adding alcohol to decompose the excess of acetic anhydride, crystallises 
from the solution on standing in large well-formed colourless prisms, which after 
being purified by recrystallisation from alcohol and from putroleuni-ether, melt .at 103® 
(Japp, Chem. Soc. J. 1879, xxxv. 526). 

Reaction with Toluene . — On mixing 5 c.c. of a solution of phenanthraquinone in 
glacial acetic acid (1 ; 200) with 1 c.c. of toluene, adding 4 c.c. of concentnited 
sulphuric acid, drop by drop, and keeping the liquid cold, a bluish-green colour is 
produced. When this liquid after a few minutes is poured into water, a turbid purple 
solution is obtained, from which ether dissolves the colouring matter with ;i deep 
reddish-violet colour. This reaction is so sensitive, that even O'OOOo gram of tlu^ 
quinone may be detected by it. On evaporating the ether, a black mass is loft behind 
which in thin layers appears indig<j-blue. Xylene yieMs a similar body, dissolving in 
ether with a cherry-red colour (Laubenlieimcr, Her. viii. 224). 

Dibrorntyphiuinihraquinone, C^H^iVO®, is ^produced by heating the quinoncj to 
180° for six hours with the calculated quantity of l^rornino and a little water, and 
crystallises from glacial acetic acid in yellow nodules, slightly soliibhs in alcohol, 
glacial.acetic acid, and benzene, more roa«lily in xylene, melting at 230°. Wlien treated 
with alkalis, it does not yield .an isoineridc of aliz.arin (Haycluck, Linhig's Annakn, 
clxvii. 185). According to Ostermayer {Her. vii. 1090), it melts at 233°, and is con- 
verted by oxidation with chromic acid mixture into d i b po m o d i ph o n i c .a c i d, which, 
as well as the dibromoquiuone itself, is hut sparingly soluble in all solvents. Its 
formation is always attended with that of a comparatively small quantity of tiihtomo- 
^hmanthraquinone, from which it is licst separated by moans of chloroform. 

CO.OH.C«ll»CO 

Phenanthraquinone<arhoxylic acid, C*®irO*.COOH = I I .produced 

C®H®.CO 

by oxidation of phenanthrene-carboxylic acid with chromic acid, is a body having the 
colour of phenanthraquinono, but distiriguislied therefrom by its solubility in cold 
aqueous sodium carbonate, and from phenanthrene-carboxylic acid by its solubility in 
acid sodium sulphate. It molts at 315° (Japp a. Schultz, Her. x. 1661), 
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Constitution of Phenanthrene. 


The format ion of this hydrocarbon from stilbeno or symmetrical diphenyl-ethylene 
(p. 676), by abstraction of hydrogen (vii. 84), sliows that it has the constitution of 
symmetrical diphonylene-ethylone : 


c®u»— on ^ cm*~CK 

C«H»— |]h ~ Hh 

Stilbene. riusnanthrene. 


Further, G. Schultz (Ber. xi. 215) has converted Griess’s diamidodiphenie acid, 
Chii«(NH*)* 0^ (p. 658), on the one hand, into benzidine or diamidodiphonyl, 
C‘®II"(N1P)*, by heating its barium salt "with caustic baryta, and, on the other hand, 
into diphenic acid, COOll.C^IP — C*IP.COOH, by treating it with dilute nitric 
acid, converting the resulting nitrate by tlio action of nitrons acid into the corresponding 
nitrate of tetr azodip hemic acid, which, when treated with hydriodic acid, yields 
di-iododipheuic acid, C'‘‘^H‘’r‘(CO*“Il)‘‘', and reducing this l atter with s odium- 

amalgam. Now benzidine is diparadiamidodiphenyl, II^N^ \— r \^ 


>NH2, 

and Griess’s diamidodiphenie acid is prepared from meta-amidobcnzoic acid, and 

HO^C CO'^H 


must therefore be represented by the formula II-N^ 
diphenic acid and phenanthrene by tlie following formulaTT" 


>NH^ and 


no“c 


CO»H 


V 


>-o 

Diphenic acid. 



Phenanthrene. 


They are therefore di-ortlio-compounds, and this conclusion is corroborated by the 
production of phthalic acid, without admixture of isophthalic or tcrephthalic acid, by 
the oxidjition of plienanthraquinone by potassium permanganate (p. 1618). 

Moreover, as recently pointed out by Japp {fihem. Sov. J. 1880, xxxvii. 88), many 
of the chemical reactions of phenunthrono seem to indicate that the dyad ethylene 
residue — CH—Cll — in ( he dipheuylone-ethyleno forms part of an aromatic nucleus. 
On oxidation the two atoms of hydrogen are replaced by two atoms of oxygon (not by 
one), a quinono being formed. This quinone on reduction yields a quinol (hydro- 
quinone) containing the group — C(OH):ii;C(OH) — , and dissolving in caustic alkalis 
by virtue of these phenylic hydroxyl-grtmps. Monobromophenanthreno, in which the 
substitution of bromine takes place in the — CIl— OH -- group — the compound yield- 
ing on oxidation plienanthraquinone wdth elimination of the bromine atom— may, 
as Anschiitz has shown {Ber. xi. 1217), ho heated with strong alcoholic potash to 170® 
without undergoing ehaiigo, and taking into considtiration the relative mobility of the 
hromine-atoin in moriobromethylene ;ind monobromstilbono, when those compounds 
are lieatod with alcoholic potash, this stability of monobromphenanthrene must be 
allowed to furni.sh very strong evidence that the group — CH~CH — forms pfirt of an 
aromatic nucleus. 

Further evidence of a similar character may bo found in the direct forma- 
tion from phenanthrene and sulphuric acid of a sulphonic acid, in which the sulphonic 
group replaces one of the hydrogen atoms of tho — CH~CH— group (p. 1517). A 
direct sulphonation of a hydrocarbon has as yet been observed only in the aromatic 
nucleus. In the fatty series tho presence of an electro- negative group (CN,CO.OH, 
&c.) is necessary, in order that direct sulphonation may take place. All these reac- 
tions are specifically aromatic in character, and, taken together, form a strong cumu- 
lative proof that the — CH— CH — group belongs to a benzene nucleus. 

The synthesis of phenanthrono from symmetrical diphenyl-etliyleiie amounts there- 
fore to the construction of a benzene-nucleus, on tlio one hand from the ethylene 
residue — CH=CH — (which, us long as it exists in diphenyl-ethylene, shows by its 
entire behaviour that it does not belong to a benzene-nucleus) and, on the other, from 
two pairs of carbon-atoms, each of which pairs contained in previously existing 
benzene-nuclei; thus: 
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Pbenanthrene is therefore diortho-diphenylene-ethyleno, and consists of three 
benzene-nuclei, one of which shares four adjacent carbon-atoms with tlie two others — 
one ortho-pair with each. This is tlie constitution originally attributed to anthracene 
(vi. 214). According to this view, phenanthreno may be derived from naphthalene 
by a repetition of tlie process by which naphthalene is derived from benzene, a 
suggestion thrown out by Graebe in the memoir above cited {Liebig* a Annalen^ 
cUvii. 133). 

FBll«AirTB&0&, Gi«H0(OH). Hydroxy phenanthrene (p. 1516). 

PBBBBTBT&AMIBB, or Amido-ethyl-bemene, A base 

isomeric with ethyl-aniline, C®H*.NH(C*H*), and produced therefrom by intramolec- 
ular atomic interchange. See Bbkzenbs (Etuyiamido-), (p. 205). 

. PBSBOZi, C*H®0 = This compound is a constant product of the 

putrefaction of albumin (E. Baumann, Ber. x. 685), and is formed, together with 
indole, when fibrin which has putrefied in contact with the air is subjected for scjveral 
weeks in closed vessels to the action of water under a layer of ether (Woyl, ZeUsc?tr. 
physiol. Chem, i. 339). 

Reactions, — 1. Phenol- vapour passed through a rotl-hot tube is resolved into 
benzene, toluene, naphthalene, anthracene, phenanthrene, and a liquid boiling between 
112® and 146®, which appears to consist for the most part of xylene (Kramers, 
Liebig* s Annalen, clxxxix. 129). 

2. Phenol, subjected to exhaustive chlorination (p. 1066), is converted into por- 
ch lorobenzene, together with perchlorometbane, porchlorothane, and carbon 
dioxide (Kuoff, Ber. ix. 1483) ; by exhaustive bromination in like manner it yields 
perbromobenzene, together with carbon dioxide (Gessner, ibid. 1505). 

3. By heating with antimony pentacMoridCf it is completely decomposed (Lossner, 
J.pr. Chem. [2], xiii. 418). 

4. Heated in a sealed tube at a temperature below 100® with chromyl chloride^ it 
yields quinol-ethor or quinyl-oxido, (C®H^OH)'‘0 (Etard, p. 1444)! 

5. Phenol heated in an alcoholic solution containing excess of potash or soda 
with carbm tetrachloride^ yields a mixture of ortho- and ^ara-hydroxybenzoic acids 
(p. 285), and a similar reaction takes place with substituted phenols, according to the 
general equation: 

C*H»iONtt + CCl* + 6NaOU = + 4Na01 + 3H*0. 

In this manner chloro-, nitro-, &c. hydroxybenzoic acids may be formed, and similarly 
phenol-dicarboxylic acid from salicylic acid : 

+ cci« + 6NaOH = + 4iraCl + 3H*0. 

6. With Alkaline Carbonalee. — ^Anhydrous phenol, strongly, heated for some time in a 
sealed tube with solid ammonium carhonale^ yields a colouring matter which dyes silk 
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and wool a very fine grey, capable of withstanding the action of soap, acids, and light 
(J. Roth, Dingl. pol, J, ccxxvi. 660). Phenol fused with sodium carbonate yields 
chiefly catechol, resorcinol, and phloroglucinol, together with small quantities of 
other substances (Barth a. Schredor, Ber, xii. 417). A solvitiGa of potassium carbonate 
is decomposed by phenol at the boiling heat (Baumann, ibid. x. 686). 

6. With Glycerol. — When a mixture of 2 pts. phenol, 2 pts, glycerol and 3 pts. 
sulphuric acid is heated for some time at 120®--130®, the mixture first turns yellow, 
then yellowish-red, and finally dark red ; and on dissolving the thick mass in water, 
and addinff hydrochloric acid, a colouring matter is precipitated which dissolves 
sparingly in ether, easily in alcohol and in water, but does not appear to be crystal- 
lisalde. It is coloured a fine red by alkalis, and by salts which have an alkaline 
reaction, and forms lakes with baryta, alumina, lead oxide, and other metallic oxides. 
Heated with aniline^ it forms a red dye-stuff coloured violet-red by ammonia. Similar 
bodies are obtained from pyrogallol and thymol (C. Reichl, Ber. ix. 1429). 

7. With Aniline and Sodium Hypochlorite. — When aniline is added to an alcoholic 
liquid containing phenol, and tlion sodium hypochlorite, a brown colour is produced, 
gradually changing to greenish blue ; and on diluting after a while with an equal 
volume of water, and adding a very small quantity of ammonium sulphide, the colour 
changes to a pure blue. This colour, which soon turns to brown, is restored by further 
addition of tlie hypochlorite (Jacquemin, Ann. Chim. Pkys. [5], ix. 571). See Euy- 
THaoruENiG Acid (p. 738). 

8. On the reactions of phenol with Cinchona-bases, see pp. 486, 492, 493. 

Distinction between Phenol and Creosote. — ^The following distinguishing characters 

of phenol and creosote are given by A. M. Road {Arch. Pharm. [3], iv. 444) : 


Creosote 


Phenol 


3-4 vols. saturated baryta- 
water 


Turbid solution 


Alcoholic solution of ferric 
chloride 

Aqueous solution of ferric 
chloride 
Glycerin 


Green 

No reaction 

Soluble ; reprecipitated by 
water 


Clwir solution : after some 
time slight precipitate or 
none 

Brown 

Blue 

Soluble : not precipitated 
by water 


See also Wiitzel (p. 581). 

Distinctive tests for Phenol, Cresol, and Creosote are given by H. Allen {Analyst, 
1878, 319 ; Chem. Soc. J. xxxvi. 182). 

Volumetric Estimation. — W. F. Koppeschaar estimates phenol volumotrically 
by a method, originally suggested by Landolt {Ber. iv. 770), founded on the insolu- 
bility of tribroraophonol. The estimation may bo effected by adding a known excess 
of bromine to phenol, whereby tribromophenol is precipitated, replacing the excess of 
bromine by iodine, and titrating the latter with sodium thiosulphate. The use of 
bromine-water is, however, inconvenient in many respects, and it is therefore better 
to make use of nascent bromine evolved from a mixture of bromide and bromate of 
sodium. This mixture of salts, 6NaBr + NaBrO*, is obtained by treating a solution 
of sodium hydroxide with excess of bromine, evaporating to dryness, and pulverising 
the residue. Its chemical value must bo- determined by means of potassium iodide 
and sodium thiosulphate. To perform the analysis, 25 c.c. of the phenol-solution 
containing O’l g. of the sample are placed in a bottle of 250 c.c. capacity; 100 c.c. of 
the triturated solution of the mixed salts, and 6 c.c. of strong hydrochloric acid are 
added, and the bottle, after being closed and shaken, is left at rest for a quarter of an 
hour, after which it is opened, 10 c.c. of potassium iodide solution arc poured in, the 
bottle is again shaken, and after a while the separated iodine is determined by titration 
{Zeitschr. anal. Chem, 1876, 233 ; Chem. Soc. J. xxxvi. 182). 

Pbenol-eihers. Methyl Phenate or C’H®0 = C‘H*.OCH*.— Some 

new derivatives of this compound have been obtained by W. H. Perkin {Chem. Soc. J, 
zxxiii. 211). 

o-VinyUanisdil, is prepared by leaving methyl-o-oxyphenylacrylic 

acid (p. 506) in contact with hydriodic acid (sp. gr. 1*94) for two or three days; 
agitating the mixture frequently, and adding the pr^uct by small quantities and with 
frequent agitation, to a cold aqueous solution of sodium carbonate ; boiling the resulting 
milky liquid in a retort till no more oily product distils over ; then warming the distil- 
late to promote the separation of the oil in the form of a layer, and drying this oil 

VoL. Vlli. 5 F 
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with potassium carbonate. This compound boils between 195° and 200°, but it poly- 
merises so quickly when heated, that its boiling point cannot be determined within nar- 
rower limits. When heated for an hour at 150°, it changes into a transparent vitreous 
polymeride, which is insoluble in alcohol, but dissolves in benzene, and is reconverted 
into o-vinyl-anisoil by distillation. In like manner, ortho-allyl-anisdil, C®H\ OOH*)C®H*, 
is obtained from methyl - o - oxyphenylcrotonic acid and ortho ~ hutenyl ~ anis&il, 
C®H‘(OCH*)C^H^ from methyl-o-oxyphenylangelic acid. 

The boiling points and specific parities of these bodies, and of the corresponding 
compounds of the />am-series, are given in the following table : 


Paravinyl-anisoil • 
Orthovinyl-anisoil . 
Parallyl-anisoil 
Orthoallyl-anisoil . 
Parabutenyl-anisoil 
Orthobutenyl-anisoil 


Boiling point 

Specific gravity 

at 16® 

at 80° 

at 46° 

204°-205° 


0-9956 


uncertain 

1 0095 



232° 

— 

0-9852 

0-9761 

222°-223° 

0-9972 

0-9884 

0-9793 

242°-243° 

— 


— 

232‘’-234° 

0-0817 

0-9740 

— 


The para-compounds crystallise readily; the ortho-compounds do not solidify 
even in a freezing mixture. 

Ethyl Phenate or C®H^®0 = C®H*(0C*H*), is formed by heating a 

mixture of phenol and ethyl alcohol with zinc chloride, and by heating a solution of 
phosphoric anhydride in phenol with alcohol (Xastropp, Ber. x. 1685). By exhaustive 
chlorination, it yields perchlorobenzene, together with carbon dioxide and per- 
chlorethane. Methyl phenate, or anisoil, similarly treated, yields perchlorobenzene, 
carbon dioxide, and perchloromethane (Ruoif, Ber. ix. 1483). 

Nitrophenetoils are obtained by the action of sodium ethylate on the corresponding 
nitrochlorobenzenes, e.y . : 

C®H®(N07Cl + NaOCW = NaCl + C®H»(NO=‘)*OC*H\ 

It is advisable to use double the quantity of sodium required by the equation, and to 
add it by small portions. The liquid becomes hot and acquires a red colour ; hydrogen 
is rapidly evolved ; and the nitrated phenetoil separates as a brown precipitate, which, 
after dilution and acidulation, may bo collected on a filter, and crystallised several 
times from boiling alcohol, with addition of animal charcoal. Triniirophenetdil thus 
obtained crystallises in amber-coloured needles; dmitrophcnetdil in small yellow 
needles. 


AmldopbenolSt When ortho-amidophenol is treated with bleaching powder, 
or better w'ith potassium ferricyanide, an amorphous humus-like body is ol.»talned 
which forms red crystals when heated, and appears to have the composition 
C**I1*®N*0*. It is slightly basic, and forms bright-coloured solutions with acids 
(G. Fischer, J. pr. Chem. [2], xix. 317). 

Blamldoplienols, C®H®(N1P)'0I1. (1). a-JDiamidophenol, 

or [1:2: 4). The hydrochloride of this base is obtained 
by acting upon a-dinitrophenol with tin and 'hydrochloric acid, and precipitating the 
resulting tin salt with strong hydrochloric acid. When heated in an oil-bath at 80°- 
210''' with benzoyl chloride, it yields a di- and a tri-benzoyl derivative. 

The dibenzoyl-derivativey C®H®(XH.CO.C®Il®)*OII,* is contained in the portion of 
the crude product which is soluble in alcohol, and may be precipitated from the solu- 
tion by water. By repeating these operations of solution and precipitation, and finally 
crystallising the product, best from benzene, it is obtained in crystals having a faint 
reddish colour and melting at 187°-188°. It dissolves readily in aniline, alcohols, 
chloroform, and glacial acetic acid, sparingly in benzene, very sparingly in ether, and 
not at all in water. Cold fuming nitric acid converts W\nXamtrodihenzoyUa.-diamido- 
pheml, C®H*(NO®)(OH)(NH.CO.C®H*)*, which crystallises from glacial acetic acid in 
slender yellow needles, very slightly soluble in alcohol (K. Stuckenberg, Ber. x. 385). 

Trihenzayl-ardiamidophem^^ CO C®II** constituent of 

the residue left on digesting the product of the above-described reaction in alcohol, 
and ihay be extracted therefrom by glacial acetic acid and purified by recrystallisa- 


Note by Dr. Amutreng . — Stuckenberg baa given no proof that these benzoyl-derivatives have the 
constitntion above indicated. It is more than probable tliat the H of the OFT-group is displaced in 
the tri-, if not in the di-deriyative. 










PHENOL. 


1523 


tion. It forms colourless microscopic crystals molting at 231®-233°, easily soluble 
in aniline, sparingly in glacial acetic acid, insoluble in alcohol, benzene, ether, chloro- 
form, and water (Stuckonberg), 

12 6 

fi-Diamidophenol, The hydrochloride^ 

C®H*(NH*)®OH.2HGl, prepared as above described from jS-dinitrophonol, [1, 2, 6], 
is easily soluble in water, sparingly in alcohol, insoluble in ether, soluble in warm 
dilute hydrochloric acid, from which it crystallises in long rather thick needles. 
The stU'phate^ C®H®(NII'‘*)*OH.SO^H*, is formed by adding an excess of sulphuric acid 
to the concentrated solution of the hydrochloride, or by dissolving the latter in dilute 
sulphuric acid, and separates from the solution on addition of alcohol, in shining 
needles, light yellow by transmitted light; easily soluble in water, sparingly in 
alcohol, insoluble in ether. It has not boon found possible to obtain any other salts 
of this base or the base itself. 

Benzoyl-derivatives are obtained by treating the hydrochloride with benzoyl 
chloride at 60®-196° ; and on digesting the somewhat fluid pulp thereby produced 
with a solution of sodium carbonate, and filtering, the filtrate deposits a dingy yellow 
body, and the residue on the filter, when several times dissolved in alcohol, precipi- 
tated by water, and finally crystallised from benzene, yields dihenzoyl-^-diamidophemly 
C®H®(NII.CO.C®H*)*OH,* in small prisms having a faint greenish colour, melting at 
209°-213'’, easily soluble in alcohol and glacial acetic acid, sparingly in benzene. 

The yellow body above mentioned, after being once crystallised from alcohol, may 
be resolved by chloroform into two compounds, one soluble in that liquid, the other 

insoluble. The latter consists of tribensoyU^-diamidophenoly 

which when purified by crystallisation from alcohol, forms broad needles, melting at 
183°-184°, nearly colourless by reflected light, but exhibiting a rather strong dichroism 
when examined by the polarising microscope. 

Tetrabenzoyl-fi'diamidophvnol, C®H®[N(C0.C“H*yp01I, is the portion of the yellow 
body which deliquesces in chloroform. When rocrystallised from alcohol it forms 
thin plates, appearing colourless to brownish yellow by transmitted light, and likewise 
acting on polarised light, but exhibiting merely alternations of light and darkness. 
This compound melts at 182°, is insoluble in water, dissolves in alcohol as easily as 
the preceding, and is more soluble in benzene and in ether. 

Trlamldoplieno], (vi. 916). The action of bromine and water 

on this compound has lately been studied by Weidol a. Gruber {Ber, x. 1137). The 
cliicf product of this reaction is bromodichromazin, C**H»N®Br"0^ which is pro- 
duced by gradually adding bromine (90 c.c.) to a solution of triamidophonol hydro- 
chloride (200 grams) in 50 pts. of water. The blue colour of the diimidoamidoplienol 
first produced then passes into yellow, and on leaving the filtered solution at rest, 
impure bromodichromazin is deposited in glistening brownish-yellow needles; the 
mother-liquors yield a little more of the substanco on agitation with ether. It is 
purified by washing it with boiling chloroform, and crystallising the residue from 
alcohol, with the aid of animal chai-coal. The long yellow prismatic crystals formed 
on spontaneous evaporation of the alcoholic solution exhibit a feeble violet dichroism. 
The compound is very slightly soluble in ether, and insoluble in benzene, chloroform, 
and carbon bisulphide; boiling alcohol and acetic acid dissolve it with facility. 
W’hon heated it is decomposed without pvj^vious fusion, giving oflf bromine vapour. 
It dissolves in concentrated sulphuric acid, *but is precipitated by water unchanged, 
so that it is evidently not a hydrobromide of the compound C***Il'N*Br*®OJ. 

Mercuric acetate, added to a solution of bromodichi*omazin in acetic acid or alcohol, 
produces a pale-yellow crystalline precipitate of the compound (C*“H'N®Br’*0^)''*IIg 
+ 3Hg(C*H*0'-')^ which, when heated to 100°, becomes brown, evolves bromine, and at 
a somewhat higher temperature explodes. It is decomposed by sodium-amalgam, with 
formation of ammonia, and when fused with potassium hydrate yields only oxalic acid. 

Bromodichromazin, boiled with a mixture of equal parts of sulphuric acid and 
water until it no longer separates on dilution, is converted into lyramodichroic acidy 
C**H^Bp" 0", which separates after some time in crystalline crusts, the reaction being 
C’»H«Br"N®0’-l-4H*() = C‘*H^Br”0"-i-3NH». A further quantity maybe obtained 
by exhausting the acid liquors with ether. It may be purified by repeated crystallisar 
tion from a mixture of ether and benzene with the aid of animal charcoal, and then 
forms colourless tabular prismatic crystals of coniJiderable size, easily soluble in water, 
alcohol, and etlier. When heated it decomposes below 100°, turning brown, and at a 
higher temperature evolves bromine, and chars without previous fusion. Its solution 
has an acid bitter taste, and easily decomposes carbonates. Bromodichroic acid yields 


* See note on p. 1C22. 
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precipitates with lead and silver salts, but they quickly decompose, being transformed 
into the bromides ; alkalis also decompose it very rapidly. The calcium and barium 
salts are obtained by acting on their respective carbonates with a solution of the acid. 
They crystallise in slender needles, which are very hygroscopic, and quickly change on 
contact with the air. Bromodichroic acid is reduced by sodium-amalgam, but the 
product has not been obtained in the pure state ; when fused with potash, it yields 
acetic acid and resorcinol. 

Bromodichromazin boiled for some time with dilute nitric acid, is changed into an 
oil having the composition of hexhromojceton^, which ciystallises on standing, whilst 
bromine and bromopicrin are produced at the same time. Chromic acid or chromic 
mixture acts in a similar manner ; but an alkaline solution of permanganate completely 
decomposes the compound. Bromine acts strongly on bromodichromazin suspended 
in water, causing an evolution of carbonic anhydride, and although the action goes on 
slowly at the ordinary temperature, it may be completed in a few minutes by heating 
the mixture at 100°. On cooling, the hexbromacetone above mentioned separates in 
lustrous scales, which may bo purified by crystallisation from chloroform. Its form- 
ation by this last reaction is represented by the equation 

C'*H*‘N»Br»0» + 34Br + HIPO = 3C>Br‘0 + 3NH<Br -f- 9CO* + 24nBr. 
Uexbromacetone crystallises in monoclinic prisms. It is insoluble in water oven at 
the boiling heat, but dissolves easily in chloroform, carbon sulphide, benzene, and 
ether, and with partial decomposition in alcohol. It melts in the dry state at 107^- 
108°, under water at 100°, and decomposes at 200°. By boiling with alkalis, or by 
heating with water at 180°, it is converted into bromoform. Heated in a sealed tube 
at 160° with red fuming nitric acid, it is converted into bromopicrin; with ammonia 
it yields bronioibrm and tribromacetamide. Dissolved in aqueous methyl alcohol and 
treated with sodium-amalgam, it is converted into pseudopropyl alcohol. 

Dlaxopbenol compounds (Weselsky, Ber. viii. 896). When nitrous gas 
is passed into an ethereal solution of phenol cooled with ice, it is quickly absorbed, 
with formation of diazophenol nitrate together with mono- and diuitrophenol, the 
reaction taking place according to the following equations : 

(1) . C«H«0 + 2N*0» = mVWO + 2NO>H 

( 2 ) . c*H«o + NO»H = + H*0. 

When the operation is carefully conducted on a rather large scale (200 g. phenol and 
a litre of ether), the yield of diazophenol nitrate is nearly equal to the theoretical 
amount. As soon as the nitrous gas ceases to be absorbed, the liquid is left to cool, 
and after a while needle-shaped crystals are deposited, the formation of which indeed 
goes on during the absorption of the gas. The liquid separated from them yields on 
further treatment fresh quantities of the diazophenol nitrate^ contaminated with 
resinous products, from w'hich it may bo freed by solution in alcohol and precipitation 
w’ith ether, but even then it retains a faint brownish colour. Diazophonol nitrate is 
very explosive, but burns without detonation, leaving a large quantity of charcoal. 
It is decomposed by alkaline liquids, also by boiling with alcohol or with water. The 
sulphate^ C*H*N^O,HSO<, prepared by treating the nitrate with 1 vol. sulphuric acid, 
2 vols. water, and a small quantity of alcohol, filt^tring, and mixing the solution with 
ether till it becomes turbid, crystallises well, is not explosive, and may be dried at 
100°. By decomposition with barium chloride, it yields the explosive hydrochloride^ 
and from this, or from a mixture of the qulphate with hydrochloric acid, the well- 
crystallised platinochloride, (C®iDN*OCl)’‘'PtCD, may be obtained, 

Bromophenols, Orthohronwylicnol has been prepared by Fittig a. Mager [Bet, 
viii. 362) by converting orthobromanilinc into diazobrfjmobenzeno sulphate and de- 
composing the latter with water ; distilling the product with steam ; agitating the 
distillate with ether ; distilling off the greater part of the ether ; drying the concen- 
trated ethereal solution with calcium chloride, and distilling it twice. As thus pre- 
pared, it is a colourless liquid having a very disagreeable and persistent odour ; it 
boils at 1 94°-196°, does not solidify on cooling, and is slightly soluble in water. When 
decomposed by strong potash-ley at the lowest possible temperature, it yields 
resorcinol as chief product, together with a small quantity of catechol. 

Metahromophenolf prepared in like manner from metabromaniline, is a laminar, 
perfectly colourless mass, which does not alter even in sunshine. Its odour is phenolic, 
but not nearly so disagreeable as tlyit of the ortho-compound. It melts at 32°-33°, 
boils at 236°-236*6°, and when pure solidifies in a short time after distillation. The 
oily compound obtained from metabromaniline by Korner and by Wurster a. Ndlting 
(vii. 906) was impure. Metabromophcnol, decomposed with strong potash-ley, yields 
cliiefly resorcinol, together with a small quantity of catechol. 

Pnraftrojnophenol melts at 64°, not at 06*4° as stated by Korner. 
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The fact that the three bromophenols, when fused with potash, all yield resorcinol, 
shows that this compound is the most stable of the three dihydroxybenzenes, and that 
fusion with potash is by no moans a trustworthy method of determining the constitu- 
tion of an isomeric aromatic compound (Fittig a. Mager). 

Trihromophenoli C®.OH.Br.H.llr.H.Br, is converted by the action of potas- 
sium sulphite, chiefly into a body which is perhaps a bromo-dcrivativo of 
(Armstrong a. Harrow, 6'Am. Soc. J. xxix. 476). By direct nitration it is conA^erted 
into orthobrom-a-dinitrophenol (m. p. 117"), but by treating 1 mol. tribromophenol 
dissolved in glacial acetic acid with 1 mol. nitric acid, diorthobromoparanitruphcnol, 
C®.OH.Br.H.NO*.H.Br, is produced (Armstrong a. Harrow, ihid. 477). Trihromo- 
pheml bromide^ C®n*Br*.OBr, is formed by the action of bromine-water in excess on 
tribromophenol, and is reconverted into the latter by boiling with alcohol or by re- 
duction with tin and hydrochloric acid (Benodikt, Ber. xii. 681). 

Cbloropbenols. Trichloropkenol^ C®.0H.C1.H.C1.I[.C1, heated at 170° 
with potasBiam sulphite, yields the potassium salts of dichlorophenolsulphonic and 
chlorophenoldisulphonic acids. The former treated with strong nitric acid yields 
dichlororthonitrophenol melting at 121°; the latter, diorthonitroparachlor(ypkenol melt- 
ing at 80*5° (Armstrong a. Harrow, k>c. cit.) 

Perchlorophenol Chloride. C*H'HO = C*CF.OH,Cl*, is formed by passing an 
excess of chlorine into an acetic acid solution of motachloracetanilide. The product 
is precipitated by water, and the precipitate extracted with dilute acetic Jicid; the 
insoluble residue is then treated with carbon bisulphide to dissolve the chloride, which 
crystallises out on evaporation of the. bisulphide. By waslnng w'ilh alcohol and 
recrystallisation from light petroleum, it is obtained in largo colourless prisms molting 
at 78*5°^80°. It is easily soluble in benzene, carbon bisulphide, and alcohol, but 
only slightly soluble in acetic acid. Alkalis decompose it completely ; wlien heated 
at 230° with alcohol it yields pentachlorophonol, C®CBOH, melting at 183° (Bcilstcin, 
Ikr. xi. 2182). 

Zodoptaenols. Or/Ao-iodophonol forms fine crystals melting at 43°. Para- 
lodophenol fused with potash at 16;')° yields qiiinol (Korner), but at higher tempera- 
tures it yields resorcinol (Nblting a. Wrzesinski, Ber. viii. 820), 

Cyanopbenol, C®HXC5N)OIT, is formed by boiling diazocyanobonzeno nitrate, 
C®HTCN)N'‘'.NO® (vii. 426), Avitli w’atcr, liltoring the solution after cooling, neutral- 
ising the filtrate with ammonia, and evaporating. It is then obtained as a dark- 
coloured oil which quickly solidifi(3s and may be purified by w'ashing with water, 
drying, and distillation. It dissolves readily in alcohol and ether, and crystallises 
therefrom in small white rliombic prisms ; from hot water it separates on cooling, 
also in rhombic pri.sm8. It molts at 82°, has an iuten.scly sweet and at the Game 
time biting taste, and an odour like that of phenol, but fainter. Heated for some 
hours with strong hydrochloric acid in a sealed tube placed in the water-bath, it is 
converted into meta- hydroxy benzoic acid (Griess, Ber. viii. 859). 

nritroplienolft. Determinations of the crystalline form, specific gravity, and 
solubility of the potas.sium, barium, and silver salts of the three isomeric mononitro- 
phenols have been made by i*o.st a. Mertens {Ber. viii. 1549 ; Jakresb.f. Chem. 1875,423.) 

The action of nitric acid on phenol and the uitrophenols has been studied by 
Goldstein (Ber. xi. 1943) with the following results: 

(1) . The ratio of the quantity of the more to that of the loss volatile of tlie 
isomeric nitrophenols, obtained by the action of nitric acid on phenol, bears, within 
certain limits, a direct proportion to the temperature employed. 

(2) . By the action of strong nitric acid on orthouitrophenol, a crystalline body is 
formed, which melts at 105°, and dissolves in hot water to an intensely yellow solution 
having a bitter taste. 

(3^ A quick method of preparing dibromonitroplienol from orthonitrophenol con- 
sists in adding aqueous bromine to its alkaline solution until no further separation of 
the product is obsen’od. On filtering, the dibromonitrophenol (m. p. 117®) is ob- 
tained nearly pure. 

Metanitrophenol, formed from metanitraiiiline by the di azo-reaction, is easily 
soluble in alcohol and ether, crystallises from carbon sulphide in feathery plates, 
melts at 96°, and distils unchanged at 194° under a pressure of 70 mm. It decomposes 
carbonates, forming beautiful salts. The potassium salt crystallises with 2 mol. H®0, 
in orange-coloured flat needles. » 

MetanitranisoU is obtained by heating this potassium salt in alcoholic solution 
with excess of methyl iodide. It crystallises from alcohol in colourless needles, melts 
at 38°, boils undocomposed at 254", and is easily volatilised by steam. Metanitro^ 
pheneidUy prepared in like manner, melts at 34°, boils with slight decomposition at 
264° under ordinary pressure, and at 169° under a pressure of 70 mm. 
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Resorcinol is easily obtained from metanitrophenol through the amido-compound 
and diazo-rcaction. Trinitroresorcinol or Styphnic acid is formed in theoretical 
quantity by the long-continued action of boiling concentrated nitric acid on mebi- 
nitrophenol (A. Bantlin, Ber. xi. 2099). 

Varanitro phenol, — 0. Lehmann {Zeitschr.f. Kryst. i. 45) finds that this com- 
pound is dimorphous ; ho distinguishes the ordinary modification by the prefix b ; the 
other, which is unstable and produced by the fusion of the first, by the prefix a. The 
rt-modification is monoclinic. Axes a : b : c=0‘6796 : 1 : 0*3145. i3 = 79*6®. Com- 
binations ooK2, +P, and frequently also oo^oo. Observed angles: ooi?2 : ooi?2 
forwards = 106° 19'; +P: +P in the verticJil edge = 36° 22' ; +P : -hP back- 
wards = 65°. Cleavage distinct parallel to +^a>. Tlio first median line forms 
with the vortical axis an angle of 22°, in the acute angle of the axes a and c. Through 
a cleavage-plate parallel to +Poo, both axes may be seen at the edge of the field of 
view, and situated in the plane of symmetry. The angle of the optic axes is very 
large. The 5-modification is also monoclinic, and W'as formerly regarded by Kokscharow 
(iv. 396) as identical with the a-modification. The first median line for yellow light 
forms with the principal axis an angle of 47J° in the obtuse angle of t he crystollographic 
axes. The true angle of the optic axes is 70°, and their plane is parallel to the 
plane of symmetry. 

DlnltrophenolSf C‘’H’(NO^)*OII. Two of these compounds, having the con- 
stitutional formul® 1:2:4 and 1:2:6 (Oil in 1), and designated respectively as 
the a and jS modifications, are described in vii. 909, 910. Tlie following ethers of the 
o-compound have been examined by Willgerotlt {Ber. xii. 762), who prepares them by 
dissolving o-dinitrochlorobenzene, [Cl : NO^ : NO*= 1 ; 2 : 4], in the corresponding 
alcohols, and adding a solution of potash in the same alcohols. The reaction may be 
represented by the general equation : 

C''H^(XO=)*Cl + KOII + C"H2-+».OH = KCl + H*0 + C*H»(NO*)2.0C“H2«^'. 

Thus by acting on o-dinitrochlorobonzcno dissolved in methyl alcohol with a methyl 
alcohol solution of potash, a-dinitroanisoil, C®H*(NO®)'‘*.OCH*, is obtained. The 
same compound is formed by the action of a methyl-alcohol solution of potash on an 
ethereal solution of the dinitro-compound ; the reaction may also take place in’ 
presence of water. The ether crystallises in long yellow needles molting at 86°-87°. 

a-Dinitrophenetoil, C*IP(NO-)*OCW, prepared in a similar manner, sub- 
stituting ethyl for methyl alcohol, crystallises in long white needles molting at 86°. 
The corresponding propyl and amyl others are yellowish oily liquids^. 

o-Dinitrophonyl allyl-ether, obtained by acting on a-dinitrochlorobonzene 
dissolved in allyl alcohol with an alcoholic solution of potash diluted with water, 
crystallises in long needles or asbesto.s-liko masses, melting at 46°-17'’. 

The glycerol ether, C*^IP(NO*)^OC*n*(OH)*, is obtained by dissolving dinitro- 
chlorobenzene in glycerol with the aid of heat, and adding to it a solution of potash 
in glycerol. The product may be crystallised from water, alcohol, or ether ; from the 
latter it separates out as a crystalline mass, molting at 83°. 

a-Dinitrophenyl phenyl-ether, C*lP(NO*)*.OC*IP, is obtained by acting on 
a solution of a-dinitrochlorobenzene in carbon bisulphide with pota.ssium phenylate. 
Crystallised from alcohol it forms long prWms or needles resembling urea-crystals. 
It molts at 71°. Maikopar {Ber. vi. 564) obtained an ether melting at 65° by the 
action of potash on an alcoholic solution of phenol and dinitrochlorobenzeno. This 
Willgerodt concludes to have been impure, since he has obtained an ether melting at 
71° by acting on an alcoholic solution of dinitrochlorobenzeno with the calculated 
quantity of potassium phenylate. 

Three other dinitrophenols (y, 3, €) have been obtained by Bantlin {he. cii.) by 
the action of nitric acid on metanitrophenol. They are separated by taking advantage 
of the difference of solubilities of their barium salts in water (3 from y and e), and 
in alcohol {y from e). 

y-Dinitrophenol is soluble in ether and in hot alcohol; is easily volatilised by 
steam, separating on condensation in yellow needles (m. p. 104°). The potassium 
salt crystallises with 2 mol. H*0 in thick, bright red needles ; the barium salt, with 
3 mol. H^O, in bright red needles. • 

^•IHnitropheml crystallises from water in long colourlo.ss silky needles, which melt 
under water at 60°-60°, in the dry state at 134°. The potassium salt crystallises 
from water in rod needles; the barium salt with 3 mol. IPO in red-brown 
prisms. 

€-Dinitropkenol crystallises from water in sniall yellow noodles (ra. p. 144°). The 
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potassium salt crystallises with 2 mol. H^O in yellow needles ; the barium salt crys- 
tallises anhydrous in large brown needles. 

Dinitromismla are obtained by heating the potassium salts of the corresponding 
dinitrophenols with alcohol and methyl iodide at 100 ® ; also by the action of concen- 
trated nitric acid on metanitroanisoil. 

y-DinitroanisoU crystallises from alcohol in bright yellow needles melting at 96° ; 
it boils undecomposed above 360°, and is easily volatilised by steam. 

B-Dmiiroanisoil crystallises in slender golden-yellow needles melting at 70° ; it is 
less easily volatilised by steam than the y^ompound. 

e-DinitroanisoU crystallises from alcohol in colourless thick plates melting at 
118°. 

The three dinitrophenols, 7 , 3, and €, are converted by the action of boiling con- 
centrated nitric acid into trinitroresorcinol or styphnic acid, C*il(NO‘^)*(OU)* 

(p. 626). 

Constitution of the Dinitrophenols. — a- and jB-dinitrophenol are, as already observed, 
the 1:2:4 and 1 : 2 : 6 modifications (vii. 908). The constitutional formula of the 
7 , 3, and € modifications are determined, at least approximately, by the following 
considerations : 

7 -Dinitranisoil, C*H*(NO*)'-.OCH*, heated in a sealed tube with ammonia at 170 °, 
is converted, like the o- and jS-modifications, into a dinitraniline, C®H*(NO*)®.NIl*, 
which when treated with ethyl nitrite yields [1 .* 3 ] dinitrobenzene. The 3- and 
€-modification 8 , treated in like manner, behave differently, being converted into 
nitroanisidinos or nitro-amido-anisoils, C®lP(NO*)(NH*)OCH*. The base 
thus obtained from 3-dinitranisoil, crystallises in brown needles melting at 129°, and 
subliming without decomposition in light yellow laminae ; when treated with ethyl 
nitrite it. is converted into ^ar/7-nitroanisoil which volatilises easily with aqueous 
vapour and melts at 62 ’.* e-Dinitroanisoil, treated in like manner, yields a nitro- 
anisidinc which crystallises in long yellow needles melting at 76 °, and is converted 
by ethyl nitrite into wi7auitroanisoil. 

The relations between these several compounds, and their derivation from meta- 
nitrophenol, C*.OH.H.NO*.H’, may bo represented by the following scheme : 
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The formation of trinitroresorcinol or styphnic acid from metanitrophenol must be 
preceded by that of a tetranitrophenol, since styphnic acid may be produced from 
either of the dinitrophenols above mentione<l. This tetranitrophenol has probably, 
according to Bantlin, the constitution C^OH.NO^.NO^.NO^.NO^.H; andas the styphnic 
acid formed from it must, as a derivative of resorcinol, have its two OH-groupsinthe 
meta-position with regard to each other, it may be represented by either of the 
formula C« OH.NO*.NO*.NO* OH.H or C«.OH.NO*.OH.N02,NO'-*.H. The former is 
regarded by Bantlin as the more probable of the two. 

• The mcltinff point of this compound is usually given too low. Bantlin finds that when pre- 
pared from potassium paranltrophcnate ond methyl iodldo it melts at 52° and boils without decom- 
positioa at 274°. 
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Trlnltroplienol or Plorto iLoldv [I : 2 : 4 : 6, OH in 1]. On 

the thermal relations of this compound and its salts, see Heat (pp. 954, 973, 981). 

On the explosive force of Potassium Picrate, see p. 767. 

On the preparation of Lead. Picrate^ and its use for hlling percussion-caps, see 
Prat {2tIonit. scient, [3], iv. 665; Jahresb. f. Chem. 1874, 1124). This salt is inter- 
mediate in explosive power between gunpowder and nitroglycerol. 

Ethyl PicrafCt C®H‘‘*(NO^)*OC"H‘, which Muller a. Stenhouse obtained by digesting 
dry silver picrato with ethyl iodide (vi. 91 1), is also produced by the action of alcoholic 
potash on an alcoholic solution of picryl chloride, C®H'-(NO*)*Cl. The phe 7 iyl-etker 
prepared in like manner with an alcoholic solution of potassium phonate, crystallises 
in white needles (Willgerodt, Ber. xii. 1277). 

Acetyl Picrate, C*H®(NO®)*(OC*H*0). — ^When 1 pt. of picric acid and 4 pts. of 
acetic anhydride are heated in a reflux .apparatus for two hours, a yellowish liquid is 
obtained, consisting of a solution of acetyl picrate in acetic anhydride. On adding 
water, the picrate is precipitated as a yellowish- white crystalline powder, which is to bo 
washed with water and dried, first by pressure and then in a vacuum. Acetyl picrate 
melts at 7 5®-76®, becoming pale yellow and oily; at 120® it gives off acetic acid; 
it darkens at 180®, .and decomposes completely at 260®. It is soluble in ether, alcohol, 
and ethyl acetate, also in sulphuric, nitric, and hydrochloric acids. A few hours’ 
exposure to air, and even loss when in contact with water, causes it to become yellow, 
owing to partial decomposition. With an alkali it splits up into picrate and acetate 
of the alkali-metal. The ethereal solution, when evaporated, deposits beautiful 
crystals of a deep yellow colour (Tommasi a. David, Conipt. rend, Ixxvii. 207). 

Diazohenzene Picrate is formed by the action of diazobonzeno nitrate on sodium 
picrate ; also by that of picric acid on diazobenzene-piperidine, C*IP.N* NC*H’®, dis- 
solved in ether. It forms gold-yellow crystals, which decompose at 96®-100® ; large 
quantities detonate when heated. It is insoluble in water, alcohol, ether, and 
benzene (Baoyer a. Jager, Ber, viii. 893). 

Isopicric acid, C*H“(NO^)*OH, [1 : 3 : 4 : 5, OH in 1]. — This acid is formed 
by the action of fuming nitric acid on metanitrophenol and on y and 8 dinitrophenols, 
whence its constitution is established. It crystallises from water, or better from 
nitric acid, in light yellow, shining, transparent prisms, which melt at 174®, dissolve 
readily in hot water, with moderate facility in cold water, and colour the skin deep 
yellow (Bantlin, Ber. viii. 21). 

Amldonltropbenols, C*H®(NH^(NO*).OH (Stuckonberg, Ber. x, 382, 385). 
a-Amidonitrophenol, [OH : NH* : NO'-'^l : 2 I 4], is formed by the action of 
ammonium sulphide on o^initrophenol, and best in the following manner. The 
solution of a-dinitrophenol in a small quantity of alcohol is mixed with a saturated 
solution of ammonium hydrosulphide till a thin pulp is formed, and into this pulp 
hydrogen sulphide is passed till the w'hole has assumed a dark-red colour. 'J'ho 
crystalline mass, after filtration, pressing, and drying on bricks, is exhausted with 
ether, and the filtrate mixed with acetic acid is again filtered, evaporated, and 
neutralised with strong ammonia. The crystfils which separate on cooling are ex- 
hausted in the dry state with ether, and the resulting ethereal extract, which contains 
the o-amidonitrophenol, is mixed with the preceding and left to evaporate. The pro- 
duct may be purified by recrystallisation from boiling water, into which it is intro- 
duced in the state of powder, and is thus obtaincil in orange-coloured hydrated prisms, 
which melt between 80® and 90® ; the anhydrc\ns compound melts at 142®-143“. 

Benzoyl-a-amidonitropheml, C'’H®(NO'-').NtI(COC'‘H*).OH, formed by the action of 
benzoyl chloride on the compound just described, may bo purified by means of sodium 
carbonate and reciystallised from aniline. It is insoluble in water, dissolves slowly 
and with decomposition in alcohol and in glacial acetic acid, easily in aniline, and 
crystallises in colourless, microscopic, rhombic prisms which melt with decomposition 
above 200®. Nitrobenzoyl-a-amidonitrophenol^ C®H*(NO®)*.NH(COC*H*).OH, is pro- 
duced on adding the benzoyl-compound to fuming nitric acid diluted with an equal 
volume of ordinary strong nitric acid, or better glacial acetic acid, the mixture being 
kept cool. It crystallises from glacial acetic acid in pale-green prisms melting at 
218'’~219®, dissolves sparingly in that liquid, in still smaller quantity in alcohol, and 
not at all in water. Together with this compound there is formed a secondary pro- 
duct which fleliquesces in glacial acetic acid. 

Amidodinitrophenol, C®H*(NH*)(NO®)*OH, is formed, together with benzoic 
acid, on heating the benzoyl-derivative jhst described with hydrochloric acid in a sealed 
tube at 130®, and may be obtained pure by filtering the product, the benzoic acid then 
remaining behind ; evaporating the filtrate ; dissolving the residue in alcohol ; precipi- 
tating with water ; repeating the solution and precipitation several times ; and finally 
crystallising from alcohol. The compound is thus obtained in broad, thick, dark-red 
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crystals, melting at 169®-170®, sparingly soluble in ether and in chloroform, easily in 
WArm benzene, glacial acetic acid, water, and strong hydrochloric acid; deliquescing in 
aniline. From solution in chloroform it separates in monoblinic prisms. From its 
properties and its reaction with nitrous acid, it appears to be identical with the 
picramic or nitrophenamic acid which Laurent a. Gerhardt obtained by the action of 
ammonium sulphide on dinitrophenol (iv. 406). 

^Amidonitrophenol, [OH : NH* : NO*=l : 2 ; 6], is prepared, like the 
o-compound, from jS-dinitrophenol, and purified by dissolving the crude product in 
alcohol, adding twice the volume of water, and repeating this treatment on the result- 
ing precipitate, till tlie water which runs away remains clear. It forms red needles, 
melting at 110®-1 11°, dissolving very easily in glacial acetic acid, benzene, other, and 
chloroform, easily in alcohol, with moderate facility in boiling water, and with great 
difficulty in cold water. The sulphate^ (C*H*.NH*.NO*.OH)*H*SO\ obtained by heat- 
ing the base with dilute sulphuric acid and precipitating with alcohol, forms colourless 
laminm, gradually decomposed by water and by alcohol (Stuckenberg). 

SromonltroptaenolB* The crystalline form of parabromorthonitrophenol, 
[1:2:4] (vi. 915), has been determined by Arzruni {Zeitschr ./. Kryst i. 436). It 
forms sulphur-yellow monoclinic prisms having the axial ratio a lb c= 2*941 : 1 : 
1*6249 ; /3i::64° 2'. Combination ooPoo . ooP . OP . — Poo . -hPoo, with -^P and 
+ .JP mostly small. The crystals are tabular in the direction of the orthopinacoi'd. 
Observed angles, <xP : ooPoo =69° 17'; ooPoo : OP = 64° 2'; oePoo : — JPoo = 
42° 14'. Cleavage imperfect, parallel to +Poo. The plane of the optic axes coin- 
cides with the plane of symmetry; the first median line is inclined at about 106° to 
the axis c in the obtuse angle /3. Both axes are indistinctly visible in oil in a natural 
plate having its fa ces parallel to a Poo . 

Bihromonitrophenoi, [OH : NO* : Br : Br= 1 : 2 : 4 : 6], (p. 915). This com- 
pound crystallises in sulphur-yellow monoclinic prisms melting at 117*6°, a : h I c = 
0*5161 : 1 : 0*5912; /3 = 65° 23'. Faces qoP2, rarely with oeP, OP, Poo, and in a 
few crystals also +Pand +2P2. Observed angles, oofe2 : ooP2 = 86'' 16'; ocP2 : OP 
= 72° 18'; OP : poo =28° 15' 30". Cleavage uneven, parallel to oopoo and OP. The 
plane of the optic axes is perpendicular to the plane of symmetry, and nearly per- 
pendicular to the principal axis. 'Pho first median line lies in the plane of symmetry, 
and is very nearly normal to ooPoo . Apparent angle of axes 70° to 73° for different 
colours. Dispersion of axes p<v (Arzruni, loc. cU.) 

i?ro7?M)<?fM7'^ro/)^(’»o/,C*H*Br(NO*)*On, [OH : NO* : Br : NO*=l : 2 .' 4 : 6], forms 
yellow monoclinic crystals melting at 86*6°. al bl c = 2*7947 I 1 : 1*7783; j3 = 
67° 53'. Observed forms Poo, ooPoo —Poo, +Pqo. Measured angles, Poo : Poe = 
62° 31'; Poo : QopQo =78° 44'— Poo : ooPoo =42° 27'. The piano of the optic 
axes coincides with the plane of symmetry ; both axes are visible through —Poo . 
The first median line is inclined at about 67i° to the axis c in the obtuse angle i9. 
2E = 100° nearly (Arzruni). 

Bramiodonitrophenolt [OH : NO* : Br : I = 1 : 2 : 4 : 6], forms monoclinic crystals 
having the axes « : 6 ; «? = 0*5198 .* 1 : 0*6871 ,* 13 = 66° 32'. The crystals are dark 
brown-yellow, molt at 102°, are thickly tabular in the direction of the base, and 
exhibit, together with the base, which is mostly much rounded, the faces oePoo , Poo , 
00 P, and ooP2. Observed angles, ooPoo : ooP2 = 46° 36'; wPoo : Poo =61° 63'; 
P 00 : 00 P = 67° 42'. Cleavage imperfect, parallel to OP. The plane of the optic 
axes is perpendicular to the plane of symmetry ; the axis b is the first median line 
(P. Groth, Zeitschr. f. Kryst, i. 437). 

xritroBoplienol, C*H^(NO)OH [1 : 4]. This compound, discovered by Baeyer a. 
Caro (vii. 911), has been further examined by E. tor Meer {Ber, viii. 622) and by 
C. Jaeger {ibid. 894). The former prepares it by abiding nitrosodimethylaniline to 
boiling dilute soda-ley, cooling the solution quickly, neutralising it with dilute 
sulphuric acid, and exhausting with ether. The ether is then agitated “with dilute 
ammonia not in excess ; the brown amraoniacal solution is saturated with carbonic 
acid, and shaken with animal charcoal till a filtered sample is precipitated white by 
an acid ; the red-brown filtrate is poured into ice-cold dilute sulphuric acid ; and the 
white or slightly yellowish-green precipitate is drained and dissolved in ether. From 
the deeply coloured solution thus obtained, the nitrosophenol crystallises, as the ether 
evaporates, in concentric groups of large laminse, having a faint brownish-green tinge, 
the yield being equal to 36 to 40 per cent, the theoretical quantity. 

Pure nitrosophenol separates from the hot saturated light green aqueous solution 
on rapid cooling in small nearly colourless needles ; on slow cooling in dendritic 
groups of laminae having a brownish-green colour. The solution when boiled turns 
brown, and yields the brown crystals described by Baeyer a. Caro. Nitrosophenol 
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when pure may be kept without alteration, but w'hen impure it decomposes quickly, 
turning brown and afterwards black. Ether, acetone, and alcohol dissolve it readily 
with light green colour. It dissolves less easily in glacial acetic acid, and still le.ss in 
hydrocarbons. Aqueous alkalis and alkaline earths dissolve it readily with light- 
brown colour. Acids precipitate it from its solutions as a white amorphous substance. 

Sodium-nit ros(yphenoly C'*il\NO)ONa + 2H‘0, is obtained by adding 1 pt.of sodium 
dissolved in alcohol to a cold ethereal solution of 7 pts. nitrosopheuol, washing the 
minium-coloured aniorphons ]U’cci}»itate with ether, and drying it in a vacuum. From 
alcohol and acetone it crystallises in short red needles. Water dissolves it very easily 
with red colour ; the alcoholic solution is rod-brown in thick layers, yellow-green in 
thin layers ; the solution in acetone is blue-green. It does not dissolve in other or in 
hydrocarbons. When exposed to the air in contiict with et her, it becomes dark-red 
and crystalline on the surface. It is permanent in tlie dry state at ordinary tempera- 
tures, but detonates when heated. Its solutions are not decomposed by boiling, but 
on adding an acid (not carbonic acid), nitrosopheuol sepiirates out. Poiassium-nitroso- 
phenol is obtained by precipitation as an amorphous substance, becoming red and 
crystalline when moist. From alcohol or acetone it crystallises in thin blue-green tab- 
lets, sometimes also in red cry.stals. Ammonitim-nitrosophenol is a green unstable salt. 
Barium^iitrosophenolt [C“H\NO)OJ*Ba, is prepared by adding a concentrated solution 
of 10 pts. barium hydrate to an alcoholic solution of 8 pts. nitrosopheuol, precipitating 
with ether, mixing the saline solution which separates with alcohol, and again pre- 
cipitating with etlier. By a repetition of this treatment, a red crystalline precipitate is 
obtained, which, when dried at 100°, has the composition al)Ove given. It is easily 
soluble in water, and crystallises therefrom in large red needles. Silv&r-nitrosophmolj 
C®H*(N0)0Ag.II*0, is formed on adding an aqueous solution of 1 pt. silver nitrate to 
a solution of 1 pt. of the sodium .salt in 600 pts. of hot wattu*, and separates after a 
short time in blackish-violot crystals having a green reflex and appearing red by 
transmitted light under the microscope. The other metallic salts of nitrosopheuol 
may be obtained in like manner as amorphous or crystalline dark-coloured precipitates. 
Ethers have not been obtained; but the action of methyl iodide on the alkali-salts 
gives rise to well-cry stalli.scd products (ter Meer). K. Lex (Bcr. iii. 457) observed 
that when an afpieous solution of nitrosophonol is mixed with a nitrite and then 
supersaturated with soda, a dark-browm solution is formed, w'hich by certain reducing 
agents (warming with sugar, aluminium, or zinc) is rendered lighter, and, if then 
exposed to the air or loft in contact with a hypochlorite, assumes a deep blue colour. 
According to ter Meer, however, this reaction does not take place with nitrosophonol 
alone, but requires also an excess of phenol; with pure niirosophenol only a brown 
colour « obtained. 

The following reactions of nitrosophenol have been observed by C. .Tacgcr (Bcr, 
viii. 894). When nitrous gas is passed into an ethereal solution of nitrosophenol, 
the latter is converted into Weselsky’s diazophcnol nitrate (p. 1524), which 
when heated with phthalic anhydride yields quinizarin, while small quantities of the 
three iiitrophenols remain in the mother-liquoi*. 

When nitrosophenol is treated with strong hydrochloric acid, an energetic reaction 
takes place, and amorphous products are formed, but when a stream of gaseous 
hydrogen chloride is passed into a cooled ethereal solution of nitrosophenol, brownish 
needles separate, con.sisting of a dichloramidophenol, soluble in acids and in alkalis, 
slightly soluble in water, non-volatile with water-vapour, melting at 176°, not distilling 
without decomposition. Chlorophcnol is obtained at the same time by a secondary 
reaction. 

When finely pounded nitrosophenol, cooled with ice, is treated with a solution of 
hydrochloric acid in methyl alcohol, a lirownish solution is obtained, which deposits 
fine needles, consisting principally of the hydrochloride of a solid base, which passes 
over, together with a small proportion of a basic oil and chlorophenol, when the 
crystals are distilled with water. This ba.se is methyldichloramidophcnnl ; it melts at 
71*6°, separates from dilute alcohol in long needles, and differs from the non-methylatcd 
base by being volatile with water-vapour, and insoluble in alkalis. 

When the methyl-alcohol used in the above experiment is replaced by ethyl-alcohol, 
an ethylated dichloramidophcnol or dichloramidopnenefdU is obtained, which separates 
from ailuto alcohol in splendid long colourless needles, melting at 46°, distilling at 
275®, and volatilising readily at 100°, or with water-vapour. Its hydrochloride and 
platinum salt form needles, and most of i^s salts are partially decomposed by water. 

When nitrosophenol is dissolved in excess of strong potash-ley, the solution 
evaporated apd heated for some time at 180°, the melt dissolved in water, and the 
brown aqueous solution treated with hydrochloric acid, a precipitate is obtained con- 
sisting of azo phenol, which may be purified by repeated crystallisation from dilute 
alcohol. It melts at 214°, dissolves readily in sdcohol and alkalis, sparingly in ether 
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And in hot water, scarcely at all in benzene. Though stable for the most part, it 
cannot be sublimed without decomposition (Jaeger). 

On the formation of Oxyazobenzone, (vii. 151), and Azophenin, 

C*®H®N®0, by the action of nitrosophenol on aniline acetate, sec Azophenin (p. 138). ,, 

Plienol-oarboxyllc or Kydroxybenzene-oarboxylic Acids. 
The phenol-monocarboxylic acids, C®HXOH).COOH, are identical with the three 
hydroxybonzoic acids (pp. 278-287 and M59-1463). 

Hydroxybenzene - ortbo - dloarboxyllc, Hydroxy - ortbo - pbtballc, or 
simply Bydroxyphttaaltc Acid, [OH : CO*H : COHl=l : 3 : 4]. This acid is 
produced by the following series of reactions : 1. Metacresol, ^{^(OHXOll®), heated 
in strongly alkaline solution with carbon tetrachloride, is converted into a salt of 
^wc^rt-methyl ^^iro^hydroxybenzoic or [1 I 3 : 4] hydroxytoluic acid : 

C«HXONa)(CIl») + CCl* + SNaOH =: C«H»(ONa)(c‘H’)(COOXa) + 4NaCl + 3H'-'0 

2. This sodium salt treated with methyl iodide yields the methylic ether of the corre- 
sponding methoxytoluic acid, C«IP(OCn^)(CH®)(CO‘“CH*). 3. This acid oxidised with 

3 .S 4 

pot assium permanganate yields methoxy-orthophthalie acid C®II®(OCH*)(CO'''H)(CO*H), 
which crystallises in stellate groups of necdlos molting at 138°-144°; and 4. Tho 
mcthoxy-acid is converted by heating with hydrochloric acid under pressure, or by 
fusion w’ith potash, into hydroxyorthophtbalic acid, C“.01I.U.C(PI1.C0®H.H2 (C. 
iScliall, Jkr. xii. 816). 

The same acid is formed as an ethyl-salt, by tho action of nitrous acid on ethyl 
amidophthalate. Tho amido-cther is dissolved in 10 pts. of diluto sulphuric acid 
(I : 5) ; the solution is clarified with animal charcoal; a quantity of solution of 
sodium nitrite, not quite sufficient for complete decomposition, is added by small 
portions ; and tho mixture is heated to lOO*^. The ethyl hydroxyphthalatc then sepa- 
rates as a yellowish, mobile, uncrystal lisable oil w'hieh cannot be volatilised without 
decomposition. It may be saponified by boiling with strong potash-icy, and the re- 
sulting solution yields, with normal or basic acetate of lead, a precipitate of lead 
hydroxyphthalatc, from which the Iiydroxyphthalic acid may bo separated by hydro- 
gen sulphide, and obtained by extraction with other and evaporation, as a crystalline 
mass of microscopic plates. For purification, it is converted into the anhydride 
(infra), the solution of which in hot water deposits tho acid on cooling in rosettes of 
short spicular crystals (Baoyer, Her, x. 124, 1079). 

Iiydroxyphthalic acid dissolves very easily in hot water and in 32*4 pts. of water 
at 10°. It is very soluble in alcohol and acetone, less so in ether ; dissolves easily in 
glacial acetic acid on heating; hydrocarbons dissolve only traces of it. At about 
180° it melts aTid is partially resolved into water and tho anhydride. The hydroxy- 
phthalatos of the alkalis and tho alkaline earths are very soluble. The ammo7iium 
sail crystallises well, and its solution forms with lead acetate a white amorphous 
precipitate ; with silver nitrate a white precipitate of the silver salt, C"ll'*Ag’‘*0®, con- 
sisting of tufts of needles slightly soluble in water. The aqueous solution of tho acid 
gives a red colour witli./bTic* chloride, 

Fumiiuj nitric acid converts hydroxyphtlialic acitl into a nitro-product ; nitrous 
acid turns it yellow on heating. Dilute sulphuric acid (1:2 and 1:4) does not alter 
it oven after six hours’ heating .'t. 160°-180° ; tho strong acid dissolves it without 
colour at ordinary temperatures, with brown coloration and evolution of gas at 180°. 
When hydroxyphtlialic acid is heated with 10 pts. of strong sulphuric acid for four 
hours at 200°, and the rc.sull.ing solution is mixed with water, a dingy greenish-yel- 
low precipitate is formed, from which ether extracts at least three substances, viz. : 

1. A yellow sublimable body resembling antlirafiavone. 2. A substance resembling 
phenol phthalid pin. and forming, with strong sulphuric acid, a solution which has a 
splendid red colour and exhibit s three absorption-bands. 3. A colourless substance 
which melts at 120°, sublimes wdtliout alteration, dissolves in strong sulphuric acid 
without colour, and in melting potash with yellowish colour. Iiydroxyphthalic acid 
in aqueous solution is easily reduced by sodium-amalgam, 

Hydroxyphtlialic annydrido, = CTPOH(CO)*0, is best prepared in 

largo quantity by healing the acid at 210° in a retort through which a slow stream 
of dry air is passing. It melts at 165?-166°, sublimes at 200°-210° in feathery 
groups of long noodles, and may be distilUnl in small quantitit?s without decomposition. 
It dissolves slowly in cold water, quickly in hot water, reproducing tho acid ; easily 
in methyl alcohol, ethyl alcohol, acetone, and ether, but is nearly insoluble in benzene, 
chloroform, and carbon sulphide. With aniline at 160°-180®, it forms a crystalline 
anilide. 
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With •phenoUt hydrojtyphthalic anhydride forms hydroxyphthaleins, com- 
pounds which exactly resemble the corresponding phthaleins, with the exception of 
slight differences of colour, their coloured salts generally exhibiting a more decided 
red colour than those of the phthaleins. This reaction affords a means of distinguishing 
hydroxyphthalic acid from hydroxyiso- and hydroxytercphthalic acids. See Phtha.- 
li^s. 

2. Rjdroxybenxene-m-dlcarboxylle or Rydroxylsophtballo Acids. 

Two of these acids, distinguished as a and jS, ure known, their constitution being 
represented by the following formulae : 


OH on 



OOOH 

1:2:4 1:2:6 


They are obtained: (a). By fusing the three aldehydo-hydroxybenzoic acids 
C®H‘(0H)(C01I)(C001I), already described (pp. 288, 1463), with potassium hydroxide 
the /S-acid being thus produced from orthoaldehydosalicylic acid, [Oil : COH : COOH = 
1:2:6], and the a-acid either from para-aldehydosalicylic acid, j OH : COOH : COH = 
1:2:4], or from erthaldehydo-parahydroxybenzoic acid, [OH : COH : COOH = 
1:2:4] (Tiemann a. Reimer, Ber, x. 1562). {b). ‘By the action of carbon tetra- 
chloride and a caustic alkali (Reimer a. Tiemann’s reaction) on salicylate of potassium 
or sodium : 

C«H^(ONa)(COONa) + CCH + 5NaOH = C«H>(ONa)(CO*Na)* + 4NaCl + 3H*0. 

The solution of the salicylate in an aqueous alkali is mixed with a quantity of alcohol 
sufficient to dissolve nearly the whole of the carbon tetrachloride, and the mixture Is 
somewhat strongly heated in a sealed tube till an abundant separation of potassium 
or sodium chloride takes place. Both the a- and iS-acids are obtained by this process, 
the a-acid being, however, by far the more abundant. The two acids are separated 
by converting them into their barium salts, that of the o-acid being the more soluble 
of the two (G. Hasso, Ber. x. 2185). (c). The o-acid is produced — together with 
phenol-tricarboxylic acid and phenol — by heating thedisodic salt of salicylic or para- 
hydroxybenzoic acid in a stream of carbon dioxide : 

3C«H^(ONaXCO*Na) + CO* - C»H»OH + 2C»H»(ONaXCO*Na)*. 

The same result may also bo obtained by heating sodium phenate, or better a mixture 
of the phenates of potassium and sodium, in a stream of carbon dioxide, a salt of 
salicylic acid being first produced, and afterwards converted into the hplroxyiso- 
phthalate. The best result is obtained by using 3 mol. sodium phenate to 1 mol. 
potassium phenate, and passing the gas over the mixture first at 120°- 130°, then for 
some time (two hours with 50 grams of phenol) at 300°-320°. 50 grams of phenol 
yield by this process 10 to 20 grams of pure hydroxy-isophthalic acid (Ost, e/. yw. 
Chem. [2], xiv. 93 ; xv. 301). 

{d) o-Hydroxyisophthalic acid is also producetl from 

Faramethylsalicylic acid <v t Ortbometliyl-paraliyrlroxylbensolc acid* 

C«.OH.CO*H.H.CH*.H* I and from \ C«.OH.CH» H.CO»H.H* 

12 4 ) I 12 4 

by a series of transformations exactly analogous to those just described for the forma- 
tion of hydroxy-orthophthalic acid from metamethyl-parahydroxybenzoic acid. 

a-Hydroxyisophthalic acid, when pure, crystallises in needles, dissolves easily 
in alcohol and ether, and in 6000 pts. of water at 10°. According to Tiemann a. 
^imer {Ber, x. 1662), it dissolves in 145 pts. water at 100°, and in 300 pts. of water 
at 24°. It resembles salicylic acid in general appearance ; produces a deep reddish- 
violet coloration with ferric chloride ; melts at 270°-280® (Tiemann a. Reimer) ; 
above 300° (Schall), and sublimes with partial decomposition. The acid is a bi-basic 
hydroxyacid, and is, therefore, capable of forming throe series of salts, normal, acid, 
and so-called basic salts, that is, salts in which the phenolic as well as the carboxylic 
hydrogen is replaced by metals. The normal salts are formed by neutralising the 
acid with carbonates. 

* On the preparation of these and the other adds of the formula C'H’COHXCH^XCO'H), see 
page 1640 : also ToLUic acids, Hydroxy-. 
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The toditm salt, C®n*(OHXCOONa)*+aq., crystallises in long needles, which 
retain 2 mols. of water when dried in the air, and dissolve easily in water. The 
fotamum, ammonium, barium, calcium, zinc, manganese, cohalt, nickd, and cadmium 
salts are all soluble in water. The sodium salt, when heated to 220®-260°, decom-^ 
poses in the same manner as normal sodium salicylate, yielding the basic salt, phenol, 
and carbon dioxide : 


3C‘'H»(OH)(COONa)’' = 2C«H»(ONaXCOONa)* + C*H»OH + 2GO*. 

The normal silver salt, C*H*(OH)(COOAg)*, obtained by precipitating the ammo- 
nium salt with silver nitrate, is amorphous and nearly insoluble in water. The acid 
silver salt, C*lI*(()H)COOH.COOAg, is formed by adding to the free acid an excess of 
fiiivAP Tiifrutft If />i<vBtaiiiaua in in Tho bttsic colcium 


silver nitrate. It crystallises in needles, which dissolve in water. 


obtained by adding lime-water to a solution of the 


normal salt, is sparingly soluble in water. 

The ethglic ether, C“llXOH)(COOC‘H*X» obtained by passing hydrogen chloride 
into an alcoholic solution of the acid, distils with steam in snow-white crystals which 
melt at f)2° (Ost). 

0, Ilydroxyisophtlialic acid is also produced from orthomothylsalicylic acid, 


C®H*.01I.C1P.C0“H, by a series of transformations analogous to those described for 
the preceding modification (Schall, loc. oil.) It crystallises from water in capillary 
needles, or sometimes in well-defined prisms, having the composition C‘'H*0* + H'‘*0 ; 
dissolves in 35 to 40 pts. water at 100®, and in 700 pts. at 24°, easily in alcohol 
and ether, less easily in eliloroform. In the air-driod state it melts at 239° ; after 
drying over tlie M'atcr-bath, at 243°-244^. It can only be partially sublimed with- 
cut decomposition. The aqueous and alcoholic solutions exhibit a blue-violet fluor- 
escence which disappears on addition of excess of alkali. The aqueous solution 
gives a cherry-rod colour with ferric chloride. The acid reddens litmus, the solution 
turning blue again on addition of a quantity of alkali sufficient to form a normal or 
bi-metallic salt. The potassium, sodium, and ammonium salts are very soluble. The 
characters of the other salts are exhibited in the table on p. 1536, which gives a 
comparative view of the reactions of a- and i3-hydroxyisophthalic or hydroxybenzene- 
metadicarboxylic acid, also of those of phenol-tricarboxylic or hydroxytrimesic acid 
(Tiemanu a. Iloimer, Jicr, x. 1562). 


Aldehydo-hydroxyisophthalic acids, or Formyl-hydroxyisophthalic 
acids, 

C*I1«0« - C«lP(OH)(COOH)(COOH)(COH) 

(Reimer, Ber. xi. 793). Two of these acids, a and i9, are known, and are represented 
by the following formulae : 

on on 


COH; 


/\ 


,CO*H 


V 

CO»H 


CO-H, 




VCO-H 


COH 


They are formed by the act ion of '’hloroform in alkaline solution on a- and ^-hydrozy- 
isophthalic acids respectively, the mode of action being similar to that by which the 
aldehydo-hydroxyberizoic acids are formed from salicylic and parahydroxybenzoic 
acids (p. 288). o-Hydroxyisophthalic acid thus treated yields a mixture of aldjshydo- 
a-hydroxyUophthalio and para-aldehydosalkylio acids, which may be separated by 
treating* the ethereal extract of the crude product with solution of acid sodium 
sulphite, boiling the compound thus formed with sulphuric acid to set free the two 
aldehydo-acids ; then dissolving them in ammonia ; adding sal-ammoniac and mag- 
nesium sulphate ; and leaving the mixture at rest for a day or two. The magnesium 
salt of the aldehydo-a-hydroxyisophthalic acid is then deposited in crystalline form, 
and the aldehydo-acid separated from it, crystallises from water in felted needles 
which melt with decomposition at 260°. It is very soluble in boiling water, less 
soluble in cold water, easily soluble in alcohol and etbi'r. Its solution is coloured 
blood-red by ferric chloride. Like the other ortho-aldehydohydroxybenzoic acids, it 
forms colourless neutral solutions and yellow alkaline solutions, ^th exhibiting a 
green fluorescence. In the neutral solutions, calcium and magnesium salts form no 
precipitates ; barium chloride, a crystalline precipitate after some ‘time from cold 
solutmns, more quickly on warming ; ferric chloride, a dark-rod coloration, vand a floccu- 
lent precipitate on warming ; silver nitrate, a gelatinous precipitate which when dried 
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OT^r sulphuric acid has the composition C®H^Ag®0® + H®0, and gives off its water at 
100®. The solution of the free acid gives with silver nitrate a crystalline acid silver 
salt easily soluble in hot water. The phasic or trimotallic salts, except those of the 
alkali-metals, are for the most part sparingly soluble. The basic cupric salt, like 
that of ortho-aldehydo-salicylic acid, dissolves, when recently precipitated, in excess 
of ammonia, but is reprecipitated on heating, and is then nearly insoluble in ammonia. 

12 4 6 

AJdehydo-^hydroxyisophthalic acid, C®.OH.COOII.H.COIf.IT.COOH, is the only 
product of the action of chloroform and alkalis on /S-hydroxyisophthalic acid. It 
crysfaillises in tufts of long slender needles which melt, with decomposition, at 237°- 
238°. When dried at 100° it contains .^11*0. In crystalline form, melting point, 
solubility, reaction with ferric chloride, and fluorescence, it closely resembles jS-hydroxy- 
isophthalic acid. From solution in sulphuric acid, it is prt'cipitated by water in the 
form of a crystalline pulp ()3-hydi'oxyisophthalic acid is not thus precipitated). Its 
alkaline solutions are colourless. Amongst its normal (bi-metallic) salts, those of 
calcium and magnesium are easily soluble, that of barium is sparingly soluble in 
water. The normal silver salt is moderately soluble in hot water, and crystallises on 
cooling; its ammoniacal solution does not blacken when heated. The neutralised 
solution of the acid is coloured dark-red by ferric chloride. The solution of the free 
acid is not precipitated by silver nitrate. Its ammoniacal solution gives a precipitate 
with barium chloride, none with calcium chlori»le or inagnesium sulphate. Cupric 
sulphate added to the slightly ammoniacal solution, forms a green precipitate, w'hich 
dissolves easily in ammonia. 

The aldehydo-hydroxyisophthalic acids cannot bo oxidised by fusion with potash, 
as they are decomposed thereby, with separation of carbon dioxide. When oxidised 
by potassium permanganate in cold alkaline solution, they both yiehl a small quantity 
of phenol-tricarboxylic or hydroxytrimesic acid, identical with that which Ost ob- 
tained, together with the two phenol-dicarboxyl ic acids, by heating disodic salicylate 
in a stream of carbon dioxide (p, lo32). 

3. Bydroxybenzene-p-dlcarboxylic or Bydrozyterephthallc Acid, is 

obtained: (a) By dissolving crystallised amidotercphthalic acid in soda-ley, acidify- 
ing the solution with sulphuric acid, adding the requisite quantity of potassium 
nitrite in aqueous solution, and boiling. It forms a white powder easily stdublo in 
methyl and ethyl alcohols, sparingly in water ; molts above 300°, and sublimes with 
partial decomposition at a higher temperature. Alixedwith sand and subjected to 
dry distillation, it is re.solved into carbon dioxide and phenol, and by prolonged heat- 
ing w-ith hydrochloric acid at 120° into carbon dioxide and in etjihydroxy benzoic 
acid. Its aqueous solution gives with ferric chloride a deep violet-red coloration, 
resembling that produced by salicylic acid. (6) brom m<jta-mothylsalicylic acid, 

1 2 S 

C®H*(OII)(CO*IT)(CII®), or from ortho-methyl-meta-hydroxybenzoic acid, 
1 2 5 

C®H®(OH)(CH“)(CO-H), by a series of processes analogous to those employed in the 
preceding ca.scs (Schall). 

The silver salt, C®II®.(OH).(COOAg)^ is white and insoluble in water. Thobaritm 
salt, C®H®.OIf.(COO)''l’a + Aq., crystallises from water in white laminm. 

Dimethyl hydroxytenphthalate, C®H*(OH)(C()OCn'*)^ obtained by passing hydrogen 
chloride into a solution of the acid in methyl alcohol, crystallises from methyl alcohol 
in beautiful silky needles, which melt at 94°. It (kssolves in hot water, and easily in 
aqueous alkalis, alcohol, and ether. The solution in ammonia gives precipitates with 
salts of the heavy metals. 

Dimethyl acetoxyterephthalaie, C®Il* 1 ol^tained by heating the dimethyl- 

ether to 100° with exces.s of acetyl chloride in sealed tubes, crystallises from alcohol 
in white, cauliflower-like masses, melting at 76°. It is insoluble in soda-ley (G. A. 
Burkhardt, Ber. x. 144). 

Dinitro-hydroxyierephihalic acid, C®H(NO*)'^(OH)(COOII)^ is obtained by treating 
hydroxyterephthalic acid with a mixture of fuming nitric and Nordhauson sulphuric 
acids, and crystallises from cold water in fine golden-yellow transparent crystals, dis- 
solving easily in cold water, and molting at 178°. No isomeric acid is formed. The 
dinitro-acid and its salts are explosive. 

The add silver salt, C®H(NO*)®OH(COOK)COOAg, formed on mixing concentrated 
solutions of the acid and of silver nitrate, is a yellow crystalline powder, moderately 
soluble in water. The normal silver C®II(NO^*OII(COOAg)*, is obtained by 
triturating a concentrated solution of the acid witli moist silver oxide, and evaporat- 
ing the fi.ltrate over sulphuric acid. It forms blood-red prismatic crystals, very easily 
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soluble in water ; crystallises from iiquoous solution with 2 mols. of water. The amd 
lead salty C''H(NO-)-OiI(COOII)COOpb (pb — 103*5), formed on adding neutral lead 
acetate to a solution of tlio acid, is a yellow crystalline powder, sparingly soluble in 
water. The neutral calchm salt, C®H(NO'-)‘H3H(COO)'Ca, formed by boiling a solution 
of the acid with calcium carbonate, is yellow and crystalline, and dissolves sparingly 
in water (liurkhanlt, Her. x. 1273). 

Phenol-trlcarbozylio Aold, = C*H*(OH)(COOII)» (Ost, J". pr. Chem, 

[2], xiv. 93 ; xv. 301). This acid is formed, together with o-hydroxybenzene-m-di car- 
boxylic or a-hydroxyisoplithalic acid, by heating disodic salicylate in a stream of car- 
bon dioxide at a temperature above 300°. It is not however necessary to make use 
of ready-prepared sodium salicylate ; abettor mode of proceeding is to start from 
sodium phonate, the process being first conducted in the manner already described 
for the preparation of salicylic acid (vii. 1065), and the temperature being afterwards 
raised to 370°-380". The reaction takes place by two stages, as represented by the 
following equations: 

2C«H«ONa + CO* = CWOH + C»H<(ONa)COONa 
rhenato. Salicylate. 

2C"H^(ONa)COONa + CO» = C«U*OH + C«II*(0]Sra.)(COONa)». 

Salicylate. rhenol-tricarboxylate. 

The yield amounts to nearly the theoretical quantity, viz. three-fourths of the phenol 
employed. 

IVienoltricarhoTi/lio acid crystallises from alcohol in needles, and from water in 
prisms containing 1 mol. or needles contsuning 2 mols. of water. It dissolves freely 
in alcohol, sparingly in ether, and in 200 pts. of water at 10®. It produces a deep 
red coloration with ferric chloride. AVhen heated it undergoes complete decompo- 
sition, yielding chiefly phenoldicarhoxylic acid and carbon dioxide, with a little 
salicylic acid and ])henol. lieing a tribasic acitl, and containing the hydroxyl-group of 
phenol, it is capable of forming four serie.s of salts. The normal salts of the alkalis 
are crystallisable an<l easily soluble in water. All the other salts are either insoluble 
or but sparingly soluble. 

Than&rmal barium salt, | C®H*(Oir)(COO)®]*Ba*+ 8H*0, and the corresponding 
calcium salt, obtained by double decomposition, are very sparingly soluble in water, 

ThQ normal silver C*'ll*(OH)(COOAg)* + 3H*0, is a crystalline precipitate. 

The di~acid calcium salt, [C«ll*(OH)(COOH)*COO]*Ca + 6H*0, and the corre- 
sponding barium salt, are formed by mixing solutions of the free acid with calcium or 
barium chloride ; they are crystalline and soluble in Avater. The other acid phenol- 
tricarboxylate.s fire likewise soluble in hot water, and crystallise on cooling, the potas- 
sium and ammonium salts in slender needles. 

Ethyl phenoltricarhoxylate, C*H*(OIl)(COOC*H*)’, is readily formed by passing 
hydrogen chlorido into an alcoholic solution of tho acid. It crystallises from a hot 
alcoholic solution in long colourless prisms, which melt at 84°, and sublime with 
partial decomposition at a higher temperature. When boiled with aqueous soda it is 
slowly decomposed, yielding phenoltricarboxylic acid, but when it is digested with 
soda in tho cold, the hydrogen of the hydroxyl-group is replaced by sodium, whereby 
the following compound is formed. 

Ethyl-sodium phmoltricarboxylcUe, C®ir-(ONa)(COOC*K*)*.“ -This body is best 
obtained by dissolving the for(igoiug ether in absolute jilcohol and adding alcoholic 
soda, whereupon it crystallises in largo oblique prisms. It is insoluble in water, cold 
alcohol, and ether. When boiled with water for some time, it gradually dissolves, 
forming a solution which on cooling deposits needles of sodium diethyl phcnoUricarb- 
oxylatc, C®ir-(OH)(COOC‘-IP)*COOi'la, w'hich crysUillises from alcohol with 1 mol. of 
water. Its aqueous solution, which is neutral, gives precipitates with salts of barium, 
silver, and other metals. 

BkthylphenoltricarhoxyUc acid, C®II*(OH)(COOC‘*Il'‘)*OOpn, is precipitated on 
saturating an aqueous solution of the foregoing salt with hydrogen chloride. It 
crystallises from alcohol in long needles cuntaiiiiiig 1 mol. of water. The anhydrous 
substance melts at 118®. 

Phenoltricarboxylic acid heated in a reflux apparatus for several hours with 
4 mols. phosphorus pentachlorido, is converted into chlorotri mesic acid, 
C®lI*Cl(COOH)*, which when reduced with zinc and a dilute acid, or better with 
sodium-amalgam, is converted into tri mesic acid, C®H*(COOH)®, [1:3:5]: hence 
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it follows that phonoltricarboxylic acid has the constitution of hydroxy-trimosic 
acid, C*.C0*H.0H.C0*H.H.C02H.H. 

The table on page 1636 exhibits a comparative view of the reactions of the two 
phenol-meta-dicarboxylic acids and of phenoltricarboxylic acid with various saline 
solutions. 

Pbenol-dlazobenzene, and Ptaenol- 

didiazobenzene, 0'*II**N^0 = C''H“0.2C®H*N‘‘*. These compounds, discovered 
by Griess, wore originally produced by the action of barium carbonate on a cold aqueous 
solution of diazobenzone nitrate (see iv. 433, where they are designated as phenates 
of azophenylamine and diazophenylamine respectively). 

Phonol-d i azobenzene, is also produced by fusing azobenzene- 

sulphonic acid, with potash (Griess, Lich. Ann. cliv. 208), and by the 

action of diazobenzeno nitrate on an aqueous solution of potassium phenato, W’here- 
upon it separates as a resin which soon becomes crystalline (Kekule a. Hidegh, B&r. 
iii. 233). Treated with alcoholic ammonium sulphide, it is converted into a base, 
probably C*‘‘*H‘2N=0 (Griess). On heating it at 100° with phosphorus pcntachloride, 
hydrochloric acid is evolved, and a crystalline body is formed, probably hydroxy^ 
.N.G®IP 

azoxyhmzenet 0\ I , which separates from alcohol in long orange-yellow 

\N.C®H<OH 
needles (Kekuli a. Ilidegh). 

riienol-didiazobenzeno, C'®H‘^N^0 = C“H*( 0 H)<^^'Qg 25 , is formed on mixing 

a solution of phenol-diazobonzeno in potash with an aqueous solution of diazo- 
benzene nitrate, and separates as a brown-rod precipitate easily purified by 
crystallisation from alcohol. Its formation is represented by the equation 
C'*H'»N"0 + G«HW = C'“U>^N<0 (Griess, Ber. ix. 637). 

N=:N.C-H^C®H^OH 

An isomeric compound, perhaps I , is formed by the action of 

NziN.C®JI® 

potassium phonate on diazo-diamidobenzene. When treated with nascent hydrogen 
it yields aniline, paradiamidohenzono, and pammidophenol (Garo a. Schraube, Chem, 
Centr. 1878, 658). 

Ph e n 0 1-d i a z o b o ii z o-d i a z o t o 1 u e n o, C*®n*®N^O, is formed in like manner when 
an alkaline solution of plicnoldiazobcnzone is mixed in molecular proportion with 
diazotolueno nitrate (from paratoluidine). By recrystallisation from hot alcohol, 
with addition of animal charcoal, it is obtained in small brown isli -yellow nodules 
melting at 110°. It agrees clo.sely in its properties with phenol-didiazobonzeiie 
(Griess, Ber. loc. cit.) 

Pbonol-fflucosKle, G‘W®0®=C»U®(0C«H®)(0n)®.CH0 (A. Michael, Compt. 
rend. Ixxxix. 366). This compound is formed, together with ethyl acetate, on mixing 
the alcoholic solutions of potiissium phenato and acotochlorhydrose (p. 12), whereupon 
potassium chloride separates out, and on leaving the filtrate to evaporate, phenol- 
glucoside is deposited in long silky needles : 

C^H«G1(0G*^H*0)\GH0 + KOG®iP + 4C"H®OH =: KCl + 

+ G^JP(OC;®II»)(OH)«.CHO. 

Phenol-glucosido melts at 171°-172°, dissolves in water forming a dextrogyrate 
solution, and when boiled with aqueous potash or with dilute sulphuric or hydrochloric 
acid, is resolved into glucose and phenol : + H^O =» G“H**0® + G®H®0. 

OrthoformylrfhenoUglucoside, = C»H®(OG®n^CllO)(OH)‘.GHO, produced 

in like manner by the action of acetochlorhydrose on potassium salicylite, forms 
white needle-shaped crystals, which melt at 175° and decompose at a higher tem- 
perature. 

The action of acetochlorhydrose on sodium-saligenin appears to give rise to the 
glucoside of saliretin. 

Plienolgrlycolllo or Plienozyacetlo Add, 

CH'''(OC®H*).GOOH. llointz obtained acid this (ii. 918) by he.ating monochloracetic 
acid with sodium-phenol at 160° : 

CH*Gl.GOOH + NaOC®H» = NaGl + Cn2(OG®H*).COOH. 

A more advantageous mode of preparation is to melt together equivalent quantities of 
VoL. VIII. 6 G 
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phenol and chloracetic acid on the water^bath, and add soda-ley (sp. gr. 1 '8 )r slowly 
and with continual stirring, in quantity equal to about four times that of the phenol : 

C«H»OH + Cfl*Cl.COONa = HCa + C«H».O.CH* COONa. 

The reaction is soon completed, and the liquid on cooling solidifies to a crystalline 
mass of sodium phenol-glycollate which, when decomposed with hydrochloric acid, 
yields the free acid (Giacosa, J. pr. Chem, [2], xix. 396). 

In like manner pyrogallol (1 mol.) reacts with sodium chloracetate (3 mol.) to 
form the sodium salt, C''H*(OCH^COONa)*, which, when decomposed by dilute hydro- 
chloric acid, yields py rogailol-glycollic acid : 

0«H*(0U)» + 3(CH=Cl.COONa) = 3HCI + C«IP(OCIP.COONa)». 

Pyrogallol -glycollic acid crystallises from aqueous solution in long colourless needles 
melting at 198°. The normal potassium salt is precipitated by alcohol from its aqueous 
solution in w'hite needles, and on adding acetic acid to this solution a slightly soluble 
monopotassic salt, C''‘*H**0®K + H*0, is precipitated (Giacosa). 

Phenol-lactlo or Ptaenozjpropionlc Acidv » 

CH®.Cn(OC®H*).COOH, formed by the action of sodium-phenato on a-chloropropionic 
acid, crystallises from hot water in shining needles, which melt at 112°-113°. On 
adding bromine-water to its hot aqueous solution, bromophenol-lactic acid^ probably 
CH*.CH(OC*H^Br).COOH, is produced (Saarbach, J. pr. Chem. [2], xix. 176). 

Phenol-pbtlialein. See Phthalkins. 

Pbenolpbosphenyllo Acldf C'^IPPO(OIl)O.C®IP, is formed by the 
action of boiling water on the chloride, C‘‘H*(P0)C10, produced, together with phenyl 
phosphenylate, by the action of phosphorus oxychloride on phenol. This acid forms 
long capillary needles melting at 67®, slightly soluble in water, easily in alcohol, 
ether, benzene, and alkalis. Its ammonium salt forms colourless needles; the silver 
salt, needles haring a silky lustre (Michaelis a. Kammerer, Ber. viii. 48). 

Pbenol-sulpbonlo AcidSf OH^OII.SO®!!. The mc^^'acid, [Oil : SO®H= 
1 ; 3], hitherto but little known, has lately been studied by Barth a. Senhofer (Ber. 
ix. 969), who prepare it as follows : Benzenc-metadisulphonic acid dissolved in the 
smallest possible quantity of water, is heated at 170°-180° with two or throe times 
its weight of potassium hydrate in a silver basin. The solution gradually becomes 
more and more concentrated until it acquires a thick pulpy consistence, at which 
stage the heating must be stopped. The protluct is then dissolved in water, neutra- 
lised with sulphuric acid, and evaporated, and the residue is exhausted with absolute 
alcohol, which takes up potassium phenolraetassdphonatc, leaving potassium sulphate 
uiidisstjlved, Tlie alcoholic solution, when evaporated, deposits crystals of the potas- 
Hium salt, from which the free .acid is obtained by adding to it the necessary quan- 
tity of sulphuric .acid and a little water, evaporating to a syrup, agitating this with a 
mixture of alcohol and ether, filtering from potassium sulphate, and (listilling with 
water. The acid thus obtained in ivqueous solution is purified by converting it into 
lead-salt, decomposing the latter Avith hydrogen sulphide, and evaporating the liquid 
to a syrup, which gradually deposits the acid in delicate needles. The crystiils dried 
in a vacuum contain 2 mols. of water: at 100°-112° they reUin j mol., which is ex 
pelled at 140° The acid gives a violet colon* tion with ferric chloride. 

The potassium salt, C®IP(H0)S0®K.H*0, crystallises in a mass of smfill needles, 
which melt at 200°-210°, and effloresce in the air. A basic potassium mlt, obtained 
by dissolving the normal salt and the neceasary quantity of potash in alcohol, 
crystallises in silky needles. The barium salt, (C®H^ilO..SO*)“Ba, forms laminae very 
easily soluble in water. The apper salt, (C*HMIO.SO®)-Cu + 6IPO, crystallises in 
large bright>-green rhombic; tables, very freely soluble in water. The dried salt is 
extremely hygroscopic, taking up water from calcium chloride. The lead salt, 
(C®K®.HO.SO*)®Pb + 3H*0; forms colourless quadratic tables. The silver salt crystal- 
lises in- delicate needles, which dissolve easily in water. The ammonium salt crys- 
tallises from strong solutions in slender needles, and from dilute solutions in tobies : 
.it is freely soluble in water. The sodium salt crystallises with 1 mol. of water in 
large rhombic tables. 

Potassium phenolmetasulphonate, heated to 250° with potash, exchanges the 
group SO*H for HO, yielding resorcinol free from quinol or catechol. This behaviour 
of the meta-acid distinguishes it from the isomeric acids, neither of which yields 
resorcinol when similarly treated. 

The following table exhibits the differences characteristic of some of the salts of 
the three phenolsulphonic acids : 
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Salt 

Ortho-acid 

Meta-acid 

Para-acid 

K 

Molts at 240°. Crystal- 
lises in long flat needles, 
with 2 mols. water. 

Melts at 200°. Crystal- 
lises in masses of con- 
fused microscopic 

needles with 1 mol. 
water. 

Does not melt at 2G0°. 
Crystallises in anhy- 
drous hexagonal tables. 

Ba 

Indistinctly crystalline 
masses with 2 mols. 
water. Very soluble 
in water. 

Small laminae, composed 
of microscopic needles, 
containing ^ mol. 
water. 

Long silky matted nee- 
dles, containing 3 mols. 
water. 

Pb 

Indistinct tables, with 

1 mol. water. Dis- 
solves with great diffi- 
culty in water. 

Crystallises in large 
rhombic bibles, con- 
taining 3 mols. water. 

Long needles grouped in 
nodules. Contains 2 
mols. water. 

Cu 

Pale-blue prisms. 

Largo thin bright green 
rhombic tables, con- 
taining 6 mols water. 

Thick blue plates, resem- 
bling cupric sulphate. 
Contains 10 mols. water. 

Na 

1 

Indistinctly crystalline 
masses, contiiining 1| 
mol. water. 

Flat needles, or largo 
rhombic tables, with 

1 mol. water. 

Prismatic crystals, con- 
taining 2 mols. water. 


l^henolparastd^h/inic mid oxidised with manganese dioxide and sulphuric acid 
yields a large quantity of quinone ; the meta-acid yields none (Schrader, Ber, 
viii. 759). 

Converainn of Phcnol-orthomlphmiic acid into the Para-modification. — The ortho- 
acid, in presence of water, is resolved at comparatively low teinper.ituros into phenol 
and sulphuric acid : 

C«UX0H)(S0>I1) + IIOH = C®H»OH + SO«(OH)2, 

the sulphuric acid then acting further on the phenol, and producing a mixture of the 
ortho- and para-acids, provided the temperature of decomposition of the ortho-acid has 
not hcon exceeded. 

The ortho-acid is not the sole product of the action of sulphuric acid on phenol at 
low temperatures, considerable quantities of the para-aciil being always formed, evtn 
at 0°. 

When the potassium salt of phenol-orthosul phonic acid is heated with excess of 
sulphuric acid in sealed tubes, there separates after a time a rcdcHsh-brow'n oily layer 
of phenol, which, when tlio tube is more strrmgly heated, disappears either partially 
or entirely, according to the strength of the solution, and forms a dark-red liquid, 
doubtless containing free sulphuric and phenolparasulphonic acids. When a concen 
trated aqueous solution of the same salt is heated with a quantity of sulpimric aciil 
insufficient for complete decomposition, the separation of phenol takes place much 
nu)re slowly. It seems probable that the conversion of ortho- into para-acid would 
not take place in the absence of sulphuric acid (Post, Ber, viii. 1647). 

The crystalline form of potassium parasulphonate has been examined by C. Bode- 
wig. The crystJils are orthorhombic, having the axial ration : h : c = 0*8790 : 1 : 1*0017. 
Observed faces P, ooP, oof oo. The crystals are tabular according to oof oo, and 
have no distinct cleavage. Angle, oo P : oo P = 82° *2' ; P : oo P = 33° 8'. The plane 
of the optic axes is OP ; the axis h is the first median line. Double refraction positive. 

1 3 4 

Bihydroxybensene-sulphonic acid, C^SO*^I.H,OH.OH.H®. — The potassium 
salt of this acid is formed by the action of melting potash on that of the corresponding 
phenol- disul phonic acid, C“.SO*n. 11.80*11.011.11- (vi. 926); and on decomposing it 
with hydrochloric acid, and leaving the soluiion to evaporate, dihydroxybenzene-sul- 
phonic acid is obtained in needle-sliaped crystals. The aqueous solutions of this acid 
liave a strong acid reaction, and give with ferric chloride an intense green coloration, 
which becomes successively blue, violet, and red on the addition of wxlium carbonate. 
These colour-reactions are similar to those obtained with protocatechuic acid (p. 289), 
to which, in fact, the sulphonic is analogous in constitution, containing SO*H in place 
of CO*H. Lead acetate gives no precipitate with the aqueous solutions of the acid 
or its salts, but basic le»ul acetate gives a w'hite precipitate. 

The potassium salt, C*H*(OIl)’*.SO*K, is easily soluble in w’ater, and sparingly in 

6o2 
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absolute alcohol. The sodium salt, C'‘H*(OH)^.SO’Na + H‘^0, crystallises in colourless 
prisms. The barium scdt, [C*H*(OH)*.SO*]'^Ba, is easily soluble in water, and crys- 
tallises from alcohol in needles united in concentric masses. The acid fused with 
potash yields catechol or orthodihydroxybenzene. 

Sulplioxybenxene-plienoU. This name was given by Griess (Ber. xi. 2191) 
to a series of compounds obtained by the action of alkaline solutions of phenols and 
their derivatives on the diazobenzenesulphonic acids and other diazo-compounds. See 
SuLPiiONic Acids. 

PBEirOXii BOMOXiOOirSS OP* 1. Cresols. 1. The isomeric cresols, 
C*ir‘(Cll*)(OH), and several of their derivatives have already been described in vol. 
vii. pp. 931-934, and this volume, pp. oSl-dSl. 

Conversiofi of Cresols into Hydroxytoluic Acids and Aldehydes. — The three isomeric 
cresols, treatKl in strongly alkaline solution with carbon tetrachloride, are converted 
into hydroxytoluic acids, C“H*(OH)(GH*).CO‘H, viz. homosalicylic and homo- 
parahydroxybcnzoic acids, according to the equation : 

C«II\CH>)(ONa) + CCP + 5NaIIO = 4NaCl + 31PO + C«lP(CH=‘)(ONa)(CO*Xa). 

By this reaction orMo-crcsol gives orthohomosalicylic and orthohoraoparahydroxy- 
benzoic acids, [OH : ClI* : CO‘‘H = 1:2:6 and 1:2:4 respectively] ; meta-cTosol 
gives metahomosalicylic and motahomoparahydroxybcnzoic acids, [OU : Oil* : CO'“H = 
1:3:6 and 1:3:4], together with another Jicid, probably panihomohydroxyiso- 
phthalic acid, and para-cresol gives only parahomosalicylic acid, [OH : CH* : CO-'H = 

1 : 4 : 6] (C. Schall, Ber. xii. 816). See Toluic Acids (Hydhoxy-). 

The corresponding hydroxytoluic aldehydes, C“H*(OH)(CH*).COH, are 
obtiiined in like manner by treating the three cresols in alkaline solution with 
chloroform : 

C«H<(CH*)(OH) + CHCl* + 4NaHO = 3NaCl + 3n=0 + C“H»(CH*)(ONa).COn 

(Tiemann a. Schotten, Ber. xi. 767). See Tonuic Aldehydes. 

Tetrahromoparacresol, C^IPBr^O. — When bromine-water is added to an aqueous 
solution of pure paracresol until a permanent colour is obtained, a cloudiness is first 
produced, and in a short time crystalline plates of totrabromoparacresol are deposited, 
which, after rapid filtering and drying over sulphuric acid, melt at 109°. This sub- 
stance, on keeping, gradually undcrgoe.s decomposition. The yield of the bromophenol 
is always less than the calculated quantity. 

If the precipitate be left over night in contact with the bromine- water, it is partly 
converted, with evolution of carbon dioxide, into tribromophcnol (m. p. 91°), whereby 
the proportion of bromine in it is lowered by about 2 per cent, ; this change taking 
place more rapidly and completely when the temperature is raised to 30°-40° (Bau- 
mann a. Brieger, Ber. xii. 804). 

Niirocresols. — See p. 683. 

Cresolsulphonic acids. — vii. 932 ; viii. 683. 

II. Xylenols, C*IH«0 = C*H»(OH)(CII»)» (0. Jacobsen, Ber. xi. 23). Bour of 
these compounds are known, and are distinguished by the prefixes, ortho^, meta-, and 
para-, according to the xylenes from which they are derived, viz. : 


Ortho-xylenol 

CH* 

. 1 

CFI> 

2 

OH 

4 

a-Meta-xylenol 

. 1 

3 

4 

)3-Meta-xyl6nol 

. 1 

3 

2 

Para-xylenol 

. 1 

4 

2 


They are prepared by fusing the potassium salts of the corresponding xylenosulphonic 
acids, C®H*(CH*)*SO*H, with four times their w'eight of potassium hydroxide ; acidu- 
lating the melt with hydrochloric acid ; shaking it up with ether ; treating the ethereal 
solution with sodium carbonate, to remove hydroxytoluic acids, which are always 
formed at the same time in small quantity ; drying the product with calcium chloride ; 
removing the ether by evaporation ; and distilling the xylenol which remains behind. 
The yield is very satisfactory, sometimes amounting to more than three-fourths of 
the calculated quantity. 

(1). Ortboxylenol crystallises from water in very long needles, from alcohol of 
8 to 10 per cent, in large rhombic octohedrons, melts at 61°, and boils at 226° (bar. 
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767 mm.) Its sodium salt, C"H*ONa, is but slightly soluble in cold strong soda-ley, 
and crystallises from the hot solution in very large flattened needles having a silky 
lustre. Tribrom-o-xylenol, C“H*Br*OH, crystallises from hot alcohol in woolly masses 
of thin snow-white needles molting at 169®. 

Orthoxylenol forms only one sul phonic acid, the sodium salt of which, 
C*H*(OH)SO*Na, crystallises in very fine long flat anhydrous prisms, or on quicker 
separation, in small laminae, mostly united in large hemispherical groups. The barium 
saltt (C‘‘H®OHSO*)®Ba, is somewhat sparingly soluble in cold water, and separates on 
cooling from the hot solution, or on slow evaporation, in hard nodiilar crusts, or 
separate hemispherical nodules consisting of microscopic rhombic laminae. The copper 
salt and the very soluble zinc salt crystallise well. The salts give a violet reaction 
with ferric chloride. 

(2) . o-Metaxylenol, [1:3:4]. This modification, which forms the principal 
part of the xylenol described by Wurtz, Wroblevsky (vi. 1129), and Lako {lAebigs 
Annalen, clxxxii. 30) differs from all the other xylenols in being liquid at ordinary 
temperatures. It is colourless, strongly refractive, has a phenolic odour, does not 
solidify at — 20®, but merely becomes viscid; boils constantly at 21 1*6® (bar. 766 mm. ; 
mercury-column wholly in the va^wur). Sp. gr. 1-0632 at 0®. It mix6s in all pro- 
portions with alcohol and ether, but dissolves very sparingly in water. The aqueous 
solution is coloured blue by ferric chloride ; the alcoholic solution green. The sodium 
salty C'*H®ONa, differs from its isomorides in being easily soluble in strong soda- ley. 

Bromo-a-metaxylenoly C"H‘‘Br(OH), obtained by the action of bromine on the 
solution of the xylenol in acetic acid, is a colourless oily liquid, decomposing when 
distilled. The dihromo-derivativcy C"IPBr* OH, separates on dropping water into its 
alcoholic solution in long slender colourless needles melting at 73°. The trU)romo~ 
derivative, C"n*llr*.OIl, crystallises from hot alcohol in long perfectly colourless 
needles, melting at 179®. 

Sulphonic acids. — On agitating o-motaxylenol with an equal volume of ordinary 
sulphuric acid, two sulphonic acids are formed, and crystallise after a while in stellate 
groups of needles. On adding a small quantity of water, one of these acids separates 
in greatest abundance, formiug white rhombic laminae. The two acids may, however, 
bn more completely separatc(l in the form of barium salts, [C*H“(OU)SO*]*Ba, that 
of the acid which separates in rhombic laminae crystallising out first from the aqueous 
solution in anhydrous rectangular laminae or thicker rectangular tablets, which often 
look like irregubirly formed cubes. This salt dissolves somewhat sparingly in cold, 
much more readily in hot water. "IhQ potas.shi7n salt of the same acid, which is not 
very soluble in cold water, crystalli.ses in dendritic groups of colourless anhydrous 
lamina*. The sodium .salt forms largo anhydrous tablets. The barium salt of the 
second sulphonic acid is obtained in microscopic needles by evaporating the mother- 
liquor of the first; the sodium .salt, C‘*H“01l.S0*Na-h4IP0, forms large laminae. 

Acetyl-a-metaxyleml, C®IP0(C‘IT’0), is a colourless liquid having la faint odour 
like that of bergamot-oil, not mi.sciblo with water, boiling at 226® (bar. 760 mm.) 

Methyl-ormetaxyhmoly C®H”0(0H’), is also a colourless liquid, which does not 
solidify at low temperatures, boils at 192®, and has a very faint odour resembling 
tliat of the pure hydrocarbons of the benzene series. Treated at low temperatures 
with excess of bromine, it yitdds a tribromo-derivativo, C"H''Br*.OCH*, wdiich dissolves 
rather sparingly in cold, more freely in hot alcohol, and crystallises in large flat 
colourless needles melting at 1 20®. 

(3) . i3-Metaxylenol« [GH* : OH : CH* = 1:2:3], crystallises from water in 
silky laminse or long flat noodles, melts at 74-6° and boils at 211°-212®. With 
bromine it forms a trihromo-derivativCy -which crystallises from alcohol in long light 
yellow needles melting at 176°. With sulphuric acid it forms two sulphonic acids, 
only one of which yields a distinctly crystdliscd barium salt. 

(4) . Paraxylenolf [CH® : Oil : CII*=1 : 2 : 4], crystallises from dilute alcohol 
in large flat needles, melting at 74-6®, and sublimes a little above its molting point in' 
small woolly needles. It boils at 211-6® (bar. 762 mm.), and, like its isomerides, 
volatilises readily with vapour of water. Its aqueous solution is not coloured by 
ferric chloride. The sodium-derivaiive, CWONa, is very slightly soluble in cold con- 
centrated soda-ley, and separates on cooling from the hot solution in large crystalline 
lamiiiie. 

M<ynohromo-^-xylefi%ol, C®H*Br.OH, obtained by bromination in acetic acid solution, 
precipitation with water, and crystallisation from dilute alcohol, forms a loose colour- 
less mass of long flexible needles melting at 87°. Tribromo-p-xylenoly C®H®Br®.OH, 
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formed by adding excess of bromine to cooled paraxylenol, crystallises from hot alcohol 
in long needles of deep golden-yellow colour, and melts at 176®. 

Paraxylenol, dissolved in moderately warm sulphuric acid, yields only one sul- 
phonic acid, which separates on addition of water in hydrated laminae. Its barium 
salt, (CH^OHSO^y^Ba, crystallises in stellate or larger nodulsir groups of micro- 
scopic anhydrous needles which begin to decompose at 115®. The sodium salt, 
C*H“OH.SO*Na + 6H'0, crystallises in large very fine rhombic tablets, having an 
acute angle of 86*5®, and efflorescing in dry air at ordinary temperatures. 

AcetyU^yleml, is a colourless liquid, not solidifying at —20®, 

having a faint odour somewhat like that of bergamot-oil, a sp. gr. of 1*0264 at 15®, 
and boiling at 237® (bar. 768 mm.) 

Methyl-T^xylenol, C’H'.O.CH*, is a colourless non-solidifying liquid smelling like 
the pure beuzenc-liydrocarbons, and boiling at 194° (bar. 77*2 mm.) 

The salts of the above-described xylenolsulphonic acids give a deep violet coloration 
with ferric chloride. 

The xylenols are converted by prolonged fusion with potassium hydroxide into 
hydroxytoluic acid, C®H*(CH*)(0H).C02H, and hydroxyphthalicacid,C®H*(OH)(CO*Hy‘*. 

111. irine-carbon-pbenola, C*H’‘'^0«C*H®OH(C*IP). l.VormalPro- 

pylphenolsi C®IP(OH).CH‘‘*.CH*.CH* (P. Spica, Gass. chim» itaL 1878, 406). Tw'o of 
these compounds, [OH : C®H^= 1 ; 2 and 1 : 4], are obtained by the action of melt- 
ing potash on the corresponding propylbcnzonesulphonic acids, C*1P(C®H’).S0*H, 
which are produced by treating normal propyllenzene with sulphuric acid, and sepa- 
rated by moans of their barium salts. The ^ara-compound, also called a-propyl- 
phenol, is a colourless liquid boiling at 230-6®-232’6° (corr.), and having a density 
of 1*0091 at 0® and 0*9324 at 99*8®. The acetyl-derivative, C‘'lI^(C*H’)OC'WO, is 
a colourless liquid having a density of 1*02904 at 0® and 0*94229 at 100®, and 
boiling, between 242*7® and 244® (corr.) The metkylic ether, a 

colourless liquid having a pleasant odour of anise, boiling between 214® and 215*5®, 
and having a density of 0*96364 at 0° and 0*91251 at 90*6®. By oxidation with 
potassium diehromate and sulphuric acid, it is converted into anisic acid. Para- 
propyl phenol, treated with carbon dioxide and sodium, is converted into the sodium 
salt of a ^-propylphenolcarboxylic acid represented by the formula 
C®.C®H’.H.COOH.OH.H‘‘*. This acid melts at 98°, and its aqueous solution produces 
a violet colour with ferric chloride. Its barium salt crystallises with 3 mol., the lead 
salt with 2 mol. H ’O. The silver salt has the composition C*“H"0*Ag. 

Ortho^, or fi-Propyl phenol, is a colourless liquid which distils at 224*6°-226*6® 
(corr.), and has a density of 10 150 at 0®, and 0*93702 at 99*8® ; its nqueous solution 
is coloured violet by ferric chloride. The methyl ether boils betw^een 207® and 209® 
(corr.), and has a den.sity of 0*96944 at 0®, and 0*916772 at 99*88®. c-Propylphcnol- 
carboxylic acrid, probably C®.C*H'.OH.COOH.H*, forms barium and lead salts which 
crystallise with 2JIPO. The silver salt, C^®H*‘0*Ag, is a white precipitate. 

2. Zsopropyl-phenolf Cmnoplienolv or Camenol, 

by fusing potassium cumenesulphonate with potassium hydroxide, molts at 61® and 
boils at 228*2®-229*2® (corr.) Its methylic ether, C®H^(C*H’)(OCH®), is a colourless 
liquid smelling like oil of anise, having a density of 0*962 at 0®, and boiling at 212®- 
213® (bar. 758*04 mm.) When oxidised with* potassium diehromate and sulphuric 
acid, it yields a small quantity of anisic acid. The tthylic ether has a density of 
1*026, and boils at 244°-245® (bar. 756*27 mm.) (Paterno a. Spica, Gass. chim. Hal. 
1876, 635 ; Ber. ix. 455). 


3. Trlmefbyl-ptaenolif C®H‘*‘(011XCH’)^ Two of these compounds are known, 
viz. : 


C®H*.OH.CH»CH?.CU> C®H*.OH.CH».CH*.CH» 

Mcsitol. Pseudocumenol. 


Mesitol, which Biedermann a. Ledoux obtained by the decomposition of diazo- 
mesitylone nitrate, and by the action of melting potash on potassium mesitylenesul- 
phonato (p. 1282), has been further studied by Jacobsen {Liebiefs Aniiakn, cxcv. 265), 
who prepares it by the last-mentioned* reaction. It molts at 68®, boils at 219*6 " 
(l>Hr. 763 mm.), and dissolves in a strong sulphuric acid, yielding a sulphoriic acid, 
which forms an easily soluble barium salt crystallisable in small needles. The sodium 
salt is also easily soluble in water and crysUllises in fl.-it prisms. Ferric chloride 
colours the aqueous solutions of these salts deep blue. 
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MonobromonmUol preparod by acting on mesitol dissolved in glacial acetic acid, 
with bromine in the cold, crystallises from hot dilute alcohol in white, long, flexible, 
silky needles (m. p. 80°), and is identical with the compound described by Bieder- 
mann and Ledouz. 

Dibromomesitol IB {oTxaed. by acting on the monobromo-derivative with bromine, 
or by dissolving mesitol in an excess of well-cooled bromine. It is soluble in hot 
water, more easily in a hot aqueous solution of an alkaline carbonate, from which it 
separates on cooling, and is obtained by crystallisation from alcohol, in large, brittle, 
colourless prisms, melting at 150°. It cannot bo volatilised without decomposition. 
If the bromine used in the preparation of this body contains moisture, a second com- 
pound is formed, which is the only product of the action when bromine acts on mesitol 
and water. This compound is more soluble in alcohol than dibromomcsitol, crystal- 
lises in large acute golden-yellow rhombic plates, melting at 174° (corr. 176°), and 
subliming in shining golden-yellow leaflets. It is insoluble in water and in alkaline 
carbonates. ^ It is decomposed by potash, forming a dark brown solution, from which, 
after acidifying with hydrochloric acid, ether extracts a new compound, in the form 
of a semi-liquid mass, which becomes crystalline after some time ; it is soluble in 
alcohol, yielding a dark brown solution, which is decolorised by sodium-amalgam, but 
becomes brown again on exposure to air. This compound is identical with Fittig a. 
Hoogeworff’s dibromoxylenol (vi. 1129); its properties are, however, those of a 
quinone, and analysis shows it to have the composition of dibromoxi/lenequinone^ 
C*H®Br*0*. Mesitol fused with potash is converted into hydroxymesitylenic acid, 
(see Addenda). 

Pscudocumenoli C*II20H(CH*)* (A. Reuter, 2?er. xi. 29). — This compound is 
formed by fusing pseudocumcnosulphonic acid (p. 1285) with potassium hydroxide. 
It is nearly insolulile in cold water, very easily soluble, in alcohol and ether, volati- 
lises very easily with vapour of water, and solidifies for the most part in the con- 
densing tube to a white crystalline mass having a phenolic odour. When distilled by 
itself, it yields a loosely coherent crystalline mass composed of thin flexible noodles. 
Its solutions are not coloured by ferric chloride. 

Bromopsei(documenoi, C"H*“iir()l I, formed by careful bromination of psondocumenol 
dissolved in acetic acid, cryptallises from dilute alcohol in long colourless needles, 
melts at 32°, and boils with partial decomposition at about 250°. Pihromopsendo- 
cniruinoU C*H*Br*OII, formed by tho action of excess of bromine on cooled pseudo- 
cumenol, crystallises from hot alcohol in large hard colourless needles melting at 
149°-150°. 

PscudocumcmUuJ phonic acid, C®II*®(OHXSO*H), separates after some time frnm a 
solution of pseudocumenol in 8trr>ng sulphuric acid, in small shining crystals having 
tho form of cupric sulphate. On carefully mixing it with W'atcr, especially in the 
form of lumps of ice, a crystalline pulp is formed consisting of tho hydrated acid. 
The sulphonic acid, when free from sulphuric acid, is very unstable, and decomposes 
in moist air, even at ordinary temperatures, into sulphuric acid and pseudocumenol. 
Its salts decompose at 100°. The potassium salt and the cine salt crystallise in rather 
largo elongated laminae ; the copper salt in indistinctly crystalline nodules ; tho com- 
paratively sparingly soluble harium salt in nodular groups of shining Isminae. 

ConsHHUion of Psetidocimenol and its Derivatives, — Pseudocumenol, subjected to 
prolonged fusion with potassium hydroxide, is converted into hydroxy-xylic acid, 
C®H*(CII*)*01I.C001I, which may be extracted with caustic soda from the solution 
obtained by agitating the acidulated melt with ether, and purified by distillation 
with steam. It is but slightly soluble in boiling water, nearly insoluble in cold water, 
and crystallises from tho hot aqueous sohition in feathery groups of needles, or by 
slower cooling in small compact prisms, apparently orthorhombic. It is readily soluble 
in alcohol and ether, melts at 195°, but sublimes readily betw'een 160° and 170° in 
feathery groups of microscopic prisms. With ferric chloride it produces a deep violet 
colour. The harium salt forms small compact hydrated crystols ; the calcium salt 
dries up in a vacuum to an amorphous mass. Since now this calcium salt, when dis- 
tilled with excess of lime yields the liquid 1:3:4 wi-xylcnol (p. 1541) and moreover 
potassium pscudocumenesulphonate when fused with sodium formate yields the same 
curaylic or durylic acid (vi. 828) that is produced by oxidation of durene (tetra- 
methylbenzene), it follows that the com{x>undi^ under consideration must be represented 
by the following constitutional formulee 
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IV. Cymopbenols or Cymenol*, C*®H**0 = C*H*(CH*)(C*H’)OH. Two 
of these phenols are known, viz : 

OH CH» C"H’ 

Thymol 1 3 6 

Can^acrol 1 2 5 

Thymoly obtained from the volatile oils of thyme, horse-mint, rtychotis Ajowariy and 
Monarda punctaiay melts at 44° and boils at 230° ; carvacroly obtained by fusing 
cymene-sulphonic acid with potash, by heating camphor with iodine, and from the 
isomeric compound Ciirvol, contained in oil of caraway, by heating with phosphoric 
acid, is an oil not solidifying at —25°, boiling at 233°-236° (i. 800 ; v. 793-4). 

The following derivatives of these isomeric phenols have been examined by Paterno 
(Gazz. ckim. iicU. 1875, 13). 

The acetyl- and methyl-derivatives are identical in boiling point and specific 
gravity, as may be seen from the following tabic : 


From From 

thymol carvacrol 

p. (corr.) 244-7° 245*8° 

Acetate C*®H'*.0.C*H*0- Sp. gr. at 0° — 1 009 1*010 

, „ „ 100° * 0-924 — 

B. p. (corr.) 21 6 7° 216-8° 

Methylate C*®H**.O.CH® ■ Sp. gr. .at 0° = 0-954 0*954 

„ „ 100° =* 0-869 0-870 


ClOJJlSQ ) 

The cthylene-dirivativeSy C=ll*.howcver, are diffiTont. The product ob- 

tained by adding ethylene bromide to an alcoholic solution of thymol mixed with 
alcoholic potash, boiling the whole for some hours in an apparatus with reversed con- 
denser, and dissolving out the resulting potas.sium bromide with water, is solid at 
ordinary ternperature.s, and crystallises from ether in beautiful laminm molting at 
99°, whereas the corresponding derivative of cymone-thymol does not appear to be 
crysta Hi sable. 

Barth {Jier. xi. 567), by fusing thymol with potassium hydroxide, has obtained 
four acids, viz. (1) hydroxybenzoic acid; (2) hydroxyterephthalic acid ; (3) thymol- 
hydroxyciiinamic acid, C'®lt‘''0*, which forms needle-shaped crystals melting at 143°; 
(4) a bibasic acid (which Barth proposes to call thymolic acid), easily soluble in water, 
the aqueous solution precipitating lead salts and producing a deep red coloration with 
ferric chloride. 

Dinitrothymoly C'®H'’(NO''*)‘OH. — Thp - ethyl ic ether of this compound, 
C’®H"(NO‘)'OC‘*H* obtained by heating the sodium salt in sealed tubes at 140°-160° 
with ethyl iodide and alcohol, crystillises in colourless plates, melts at 62°- 53°, 
dissolves easily in alcohol and ether, and decomposes when distilled. By reduction 
with tin and hydrochloric aoid it yields a load salt which is convcTted by distillation 
with .aqueous ferric chloride into bydroxythymoquinone and dihydroxythymoquinone. 

Dinitrothymol, heated with phosphorus pentaehloride, is converted into chloro 
di nitrocymone, C'®II*'Cl(NO“)*, which melts .at 100°-101°, is moderately soluble 
in alcohol and ether, less freely in carbon sulphide and chloroform. By reduction 
with tin and hydrochloric acid, chlorodinitrocymene is converted into an amido-com- 
pound which, when oxidised with chromic acid mixture, yields d i hydroxy thy mo- 
quinone, C‘®H*®(OH)*0* (vii. 1156), and chlorhydroxythymoquinone, 
C'®H*®(OH)C10* (Ladenburg a. Engelbrecht, Ber. x. 1218). See THTMOQuiNoNia. 

J^itrosothymoly C'®H**(NO)0, is prepared by mixing a solution of thymol in 
p<)ta8h with a solution of potassium nitrile, dilating the mixture with a large quantity 
of water, and adding dilute sulphuric acid, -^hereupon the whole liquid is speedily 
converted into a magma of crystals, which are to be thrown upon a cloth filter and 
washed, then dried and crystallised from benzene. The product, after repeated crys- 
tallisation from chloroform, forms small needles melting at 155°-166°. It is nearly 
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insoluble in water, but dissolves easily in alcohol, ether, and chloroform. It dissolves 
in alkalis with red coloration, also in strong sulphuric acid, from which it is deposited 
on addition of water. 

The alkali- salts, obtained by dissolving nitrosothymol in potash or soda, form 
long yellow needles. Their solutions are decomposed by carbonic acid. The salts of 
the heavy metals are coloured amorphoiis precipitates. The hemoyUether, 
formed by heating the poUissiura-salt wfth benzoyl chloride, crystallises from absolute 
alcohol in fine yellow needles, molting at 110®. 

Potassium ferricyanide in allavlino solution oxidises nitrosothymol to n i tro- 
th y mo 1, which crystallises in concent ric groups of needles melting at 1 37®. Strong 
nitric acid converts nitrosothymol into dinitrothymol. Tin and hydrochloric acid 
reduce it, forming araidothyrnol hydrochloride, (C*®H**O.NH*,HCl), a white 
crystalline substance decomposing at 210®-216°. Free amidothymol is very unstable. 
The action of nitrous acid upon nitrosothymol in ethereal solution results in the 
formation of a very easily decomposible diazo-derivative, the sulphate of which, 
(C*®H‘*N*0,HS0^), forms white crystals decomposing at 120° (E. Schiff, Ber. viii. 
1500). 

Nitrosocarvacrolj prepared in like manner, crystallises from benzene in lemon- 
yellow prisms melting at 163°, insoluble in water, soluble in alcohol, ether, benzene, 
and chloroform. Jly reduction with tin and hydrochloric acid, it is converted into 
amidocarvacrol, which crystallises in slender needles, having a silvery lustre and 
molting at 134®. By oxidation in alkaline solution with potassium ferricyanide, it is 
converted into nitrocarvacrol, which crystallises in pale yellow needles melting at 
77®-78®, slightly soluble in water, easily in alcohol and ether (Paterno a. Canzoneri, 
Gasz. chim. ital. 1878, 501). 

CymcnoUsulphoniG acida, C*®H'^SO® = C>®IP®SO*H (Paterno, Gazs, chim, 
ital. 1875, 13). — Kiigelhardt a. Latschinoff have shown that the chief product of the 
action of sulphuric acid on thyinolt under ordinary circumstances, is a sulphonic acid 
(distinguished as a), which forms lead and barium salts containing 2H*0, and a 
potassium salt containing 21JVO. 

Carvaernt, heated for some hours in the water-bath with rather more than its own 
weight of ordinary sulphuric acid, dissolves almost completely, and on adding w^ater 
and neutralising with barium carbonate, a mixture of two salts is obtained, one of 
which crystallises in anhydrous lamin® yielding 28’44 per cent, baryta, while the 
other crystallises in needles containing 5H*'0, or 15’12 per cent., and 23 02 per cent. 
BaO. The lead-salt, (C'®H‘*01l,iS0*)'‘*Pb + 6Tr“0, crystallises in small shining needles 
very soluble in water. The potassium salt crystallises in shining needles containing a 
considerable quantity of water of crystallisation. On heating a solution of this 
potassium salt with dilute nitric acid, a heavy oil separates, which on cooling solidifies 
to orange-yellow crystals, .soluble in ether and benzene, and slightly soluble in water. 
This suhstuiico melts at about 1 19®, and appears to be a nitrocymophenol. 

McdhyUiymenohidphonic acids, C*®H**(OCIl^)(SO*II). — 1. From Thymol. From 
the experiments of Kngelhardt a. Latschinoif {loc. cit.), it appears probable that the 
action of sulphuric acid on the methyl ic ether of thymol gives rise to tlio formation of 
two isomeric sulphonic acids, one of which yields a crystallisable barium salt coiitiining 
3 mol. water, while the other yields an amorphous barium salt. Paterno’s experiments 
confirm these results, and show that the products are the same whether the action 
takes place slowly at ordinary tonipt.rature.s or quickly at the boiling heat. When 
1 pt. of methyl-thymol is heated for several hours with 1 J pt. sulphuric acid of 63° B., 
and water is then {iddcd, an oily substance separates which crystallises on cooling; 
and the aqueous solution neutralised with barium carbonate deposits a well-mystallised 
barium sjilt, an additional quantity of wdiich may be obtained from the mother-liquor, 
while the uncrystalli sable salt mentioned by Engolhardt a. LatschinolF still remains 
dissolved. 

The crystalline harkm salt, (C’®H**.OCIP.SO®)*Ba-t*3ir‘0, forms large hexagonal 
plates having a vitreous lustre but becoming opaque after some time ; it is nearly 
insoluble in cold, somewhat more soluble in hot water; gives off the whole of its 
crystallisation-water at 110®, and decomposes at a somewdiat higher temperature. 
The lead salt, (C'®H”.OCH*.SO*)®Pb + arllH), forms very light, slender, shining needles, 
which do not give off all their water at 100°, and decompose at higher temperatures. 
The potassium salt, C*'’H**.OCH".SO*K, crystallises from aqueous solution in large 
splendid anhydrous plates. 

The oily substance already mentioned as produced by the action of sulphuric acid 
on methyl-thymol, and afterwards crystallising, may bo purified by pressure between 
bibulous paper, and recrystallisation from other or from benzene. It then forms 
small needles, melting at 150®-151®, very soluble in benzene, slightly soluble in ether. 
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It is in all probability a compound analogous to sulphobenzide, and represented by 
the formula : 

C«H*(C*H’.CH*.OCH*)— SO^C*H^CH».OCH»)C•H^ 

It gave by analysis 8*05 per cent, of sulphur, the formula requiring 8*87. 

2. From Carvacrol. — A mixture of carvacrol with twice its .weight of ordinary 
sulphuric acid, left to itself for a few hours, solidifies to a crystalline mass, soluble 
for the most part in water ; and on neutralising the solution with barium ciirbonate, 
a barium salt is formed, which crystallises only from very strong solutions, forming 
a white mass, separable by washing on a filter with cold water into two salts, one of 
which (a) remains on tlie filter, and may be purified by recrystallisation from hot 
water, while the other (fi) may be obtained by evaporating the wash-w’ater. The 
orsaUy (C^®H**.OCH*.SO*)‘‘*Ba + 3^11^0, crystallises on cooling from its hot aqueous 
solution in small hard heavy prisms, having a vitreous lustre. The fi-sa/tt 
(C‘®H‘2.0CH*.S0*)"Ba + 5H'‘0, is very soluble in water, and crystallises in very light 
and very white needles. 

PBBSronXiXC ACXB, C»H®0* = C«Hs.C 0.C0.0H. See Phentl-oltoxalic 

ACID. 

PBBXrsXi (BX-) and its derivatives. See Diphentl (pp. 658-68G). 

PBBVYXi CABBAMATB, or PBBBTB-VBBTBABB, NIP.GO.OC®H®, 
See Carbamates (p. 384). 

PBBBTXi CTABTATB and CTAXTOBATB are formed, together with ben- 
zoic acid and benzanilide, by the distillation of dibenzhydroxamic acid ; the cyanate, 
also, together with anisanilido, from beazanishydroxamic acid (pp. 1080, 1081) ; 
methoxyl-phcnyl cyanate, in like manner, together with bonzoyl-anisidine and 
carbon dioxide, from anisbenzhydroxamic acid fPieschol, Luhig's Annalcn, clxxv. 
305). 

PBBBTXi CTABXBB, or BBBZOITXTRXB, C'TP— C^N, and PBBlTTZi 
XSOCTAXrXBB or PBBBTXi CABBAIBIBB, N.^C, Phenybcarbamine 

is produced by desulphuration of phenyl-thiocarbimido, CSN(C'*H*), with finely 
divided copper (precipitated from a strong solution of the sulpliate with excess of zinc; 
Gladstone’s copper-zinc couple), mid .sub.scquently changes into normnl phenyl cyanide 
or benzonitril. This transformation also takes place wlien phenyl-carbamine, freed as 
far as possible from aniline by distillation, is heated for two or three hours at 200^- 
220^ in sealed tubes, or when phenyl -carbamide containing aniline is heated in an 
open vessel with reflux condenser. The nearly colourless oil which passes over on 
heating the product of this reaction with steam may be freed from aniline by dilute 
sulphuric acid, and, when again distilled, yields pure benzonitril boiling at 191® 
(Weith, Ber. vi. 210). 

Phenyl-carbamine may be converted into ph enyl-thiocarbimido and subse- 
quently into diphenyl-thiocarb amide or thiocarbanilido, by acting upon it 
while in the nascent state with sulphur, that is to say by gently heating a mixture of 
aniline, chloroform, and alcoholic potash with sulphur for two or thr»‘o hours. On 
pouring the product into w’ater, scarcely any odour of phoiiyl -carbarn i no becomes per- 
ceptible, and a heavy oily liquid separates, which, when freed from aniline by dilute 
hydrochloric acid and from chloroform by heating, solidifies to a mass yielding on 
crystallisation from hot alcohol, laminae of thiocarbanilido resulting from the com- 
bination of the phenyl-thiocarbimide formed in the first instance with aniline : 

C*IP.NC -I- S = C-iP.N— OS, 

Plicnyl- Phenyl- 

carl)aininc. thlocai;bimidc. 

and C«H».N=iGS + C-IP.NH* « CS[NH(C«H*)]2 

Plienyl- Aniline. Thiocarbonilide. 

thiocarbimidc. 

Phenyl-carbamine free from aniline is also converted into phenyl thiocarbimide by 
direct addition of sulphur, the thiocarbimide being obtained in oily drops on distilling 
the product with steam. Benzonitril and sulphur do not react on one another in any 
way whatever (Weith, loc. cit.) 

PBBBYXi BTBBOBVBPBXBB, or Pkenyl^mercapfan, According 

to Friedel a. Crafifts {Compt, rend, Ixxxvi. 884) this compound is formed, together 
with phenyl sulphide, (C*H*)^, and diphenylene disulphide, ( C*H®)®S*, by heating 
benzene with sulphur at 75®-80®, in presence of aluminium chloride, and treating the 
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product with water. Its formation is explained on the supposition that the alumi- 
nium first reacts with the benzene and sulphur in such a manner as to form the com- 
pound A1*C1\S.0®II*, which is then decomposed by water, as shown by the equation: 

Ara\aC«H* + H*0 = C®H»(SH) + Am»(OH). 

The phenyl liydrosulphide thus obUinod boiled at 1 70"^- 173°, formed a crystalline 
compound witii mercuric chloride, and was converted by iodine into phenyl bisulphide. 

PBSWTXi SUWBXDE, (G«H*)*S, also called Tkiobemenc (iv. 417 ; vii. 941). 
Krafll (/?cr. vii. 384, 1164) prepares this compound by converting thioaniline, 
(vii. 1164), into a disizo-compound, and decomposing the latter with alcohol. 
As thus prepared, it boils at 288''-289° (uncorr.), and is identical w'ith the compound 
formed by the decomposition of sodium bcnzenesulphonate (Stenhousc, iv. 417). and 
with that which is produced by the dry distillation of the lead-salt of phenyl -mercjiptan : 
(C®H^8)“rb :PbS + (G«H')-^S (Kekul6 a. Szuch, Compt. rend. Ixiv. 762). The de- 
composition of sodium benzenesulphonato is best effected by Spring's method, w’hich 
consists in treating the salt with phosphorus pentasulphide. The yellow-red oil 
thereby produced is decolorised by recently reduced copper-powder, and after two 
rectifications consists of nearly pure phenyl sulphide. 

By adding phenyl sulphide to strong nitric acid, and reducing the resulting nitro- 
compound, thioaniline, (G“H‘.NH2)2S, is obtained, melting at 106°, and crystal- 
lising from hot water in thin shining needles. 

Bromophcnyl (G®H^Br)-S, produced by the action of bromine on 

phenyl sulphide, crystallises in nacreous laminae melting at 109°-110°. It may also 
be formed by aiutiously heating the perbromido of diazothiobenzene. Chlorophenyl 
Sulphide, (C*1PC1)“S, produced by treating phenyl-sulphide with chlorine, or by the 
action of heat on the platinochloride of diazothiobenzene, resembles the bromine- 
compound and molts at 88°-89°. lodophenyl (G“H^I)*S, may be pre- 

pared by Kekule’s method (vi. 267), which consists in heating phenyl sulphide with 
iodine and iodic acid in sealed tubes ; also by adding dilute hydriodic acid to 
an aqueous solution of diazotliiobonzone sulphate. It resembles the bromo- and 
chloro -derivatives, and nn.dts at 138°-139°. 

Uydroxy phenyl Sulphide, (G*I1^0H)*S, is obtained bv the action of water on 
diazobenzeno sulphate, and is precipitated from the alkaline solution by acids in 
shining lamina* which melt at 143°-144'^. 

Thifthemcneeulphonic acid, (G®H^SO*H)*S, is easily obtained by dissolving 
phenyl sulphide in fuming sulphuric acid : its salts crystallise well (Kraffl). 

Bhenyl Distil phidc or Diphenyl Disulphide, (G'W)’-S* (iv. 417), is de- 
composed by distillation, and, when boiled for about an hour and then distill^, yields 
the monosulphide, (G'4l*)'S, nearly pure, while a greasy subsfcince remains behind. 
It is only by distillation from a retort in which the vapour cannot rise high, that the 
greater part of the disulphide can be made to pass over without decomposition. A 
thermometer with only its bulb immersed in the vapour then shows a temperature of 
110° (Graebc, Lkhiys Aimaleii, clxxir. 189). 

PBEBYE-ACEDXAKIXrS, -ACETAMXDXBE. or -ACSTAMXMXBE, 

C®H*.GH*<^^j[ 2- See Amidines (p. 71). 

PBEBTZi-ACETAZXBB, or xUeiyl-phenyUhy dr azide, C*H*.N*H'‘*.G'‘‘H®0. See 
Htdrazinks (p, 1063). 

PBEBTE-ACETXC ACXD, C®H\GH’^.CO.OH, a-Toluic acid. See Toluic 

ACIDS. 

PBEBTIi-ACETOTBXAMXDE, CIP(G®H®).CS.NH. See Thiamidss. 

PBEBYX-ACETTlHiCABBAMXBE, CON2HHC'-lPO)(G®H®). See Acettl- 
CAUBAMIDES (p. 393). 

PBEXYZi-ACETYXi-TBXOCABSABKXDE, CSNnT'^(Cr‘H®0)(C®H®) (p. 400). 

PBEXTYE-AEDEBYDXBES (Ladenburg a. Engelbrecht, Bar. xi. 1663). 
1. Bhenyl~hinzaldehydme,(^WQ^0^1d^f,\s prepared by agitating a dilute aqueous 
solution of orthophenylenedi amine hydrochloride with benzaldehyde, recrystallising 
the hydrochloride which separates aftorsomo time from very dilute hydrochloric acid, 
and decomposing it with potash. It forms colourless six-sided prisms, insoluble in 
water, nearly insoluble in alkaline hydrates, easily soluble in alcohol and benzene ; 
melts at 133'"“134°. Like other aldehydinos. it" is a mono iicid base. hydro- 
chloride, C'"H*®N‘*.HGl, prepared as above mentioned, forms colourless anhydrous 
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prisms, difficultly smuble in water, and decomposed on boiling, with separation of 
hydrochloric acid. The platinochloride, (C‘'“H^*N*.HCl)*PtCl^ crystallises from dilute 
alcohol, with addition of hydrochloric add, in golden-yellow needles. The nitrate^ 
C“H'*N*.HNO*, prepared by treating the hydrochloride with dilute nitric acid, forms 
colourless prisms, soluble in cold water. The sulphate, C'®H'*N*.H'‘*SO*, prepared by 
dissolving phenyl-benzaldehydine in hot dilute sulphuric acid, crystallises in small 
colourless shining plates. The ethiodide, obtained by heating the 

base with ethyl iodide in scaled tubes for some hours at 100°-120°, separates from 
aqueous solution in well-formed crystals melting at 211°-213°. The methiodide, 
(?®H'*N*.Cn*I, prepared in like manner, crystallises in shining prisms. 

Phenyl-furfuraldehydine, C*H^(NC*II*0)'-', is prepared like phenyl-benz- 
aldehydine, substituting furfuraldehyde for bonzaldehyde : 

C®HXNH2)*:2HC1 2C»H^O* = C®H<N2(C^ir<0)2HCl + 2WO + HCl. 

The resulting hydrochloride separates after a while in somewhat dark-coloured 
crystals, which may be purified by repejited crystallisation and treatment with 
animal charcoal. The base, separated from the solution by potash, may be purified 
by crystallisation from high-boiling ligroin, in which it is sparingly soluble, and 
separates from the solution in nearly colourless compact crystals melting at 95°-96°. 

Phenyl-furfuraldehydine is mono-acid. It dissolves very easily in alcohol, less 
easily in benzene and toluene, sparingly in ligroin, and is insoluble in water. It dis- 
solves easily in dilute hydrochloric acid, forming a crystalline hydrochlaride which 
appears to be decomposed by washing. The platinocliloride, (C'®Il*“N-()-.IlCl)®PtCl', 
crystallises in yellow laminae. The nitrate, C'®1P“N-0'‘'.HN0®, obtained by decom- 
posing a very dilute solution of the hydrochloride with dilute nitric acid, crystallises 
in needles. The acid sulphate, C*®II*‘“N“0“.11‘S0*, is obtiiinod by dissolving the base 
in dilute sulphuric acid. The mdhiodide, C’®II'-N=0‘‘*.CJPI, obtained by heal ing the 
base to 100° with methyl iodide, crystallises from hot water in yellowish prisms 
melting at 192°-193°. The ethiodide was obtained only as a viscid mass showing 
but little tendency to crystallise. 

Phenylanisaldehydine, C*^H'"N20- = C‘*IP(NC*‘II'*0)®, is prepared from 
anisaldehydo and a dilute aqueous solution of orthophenylenodiamine hydrochloride 
with addition of a little alcohol. When separated from the hydrochloride by am- 
monia and repeatedly crystdlised from alcohol, it forms stellate needles very soluble 
in hot alcohol, melting at 128*5°-129°. The hydrochloride forms needles almost 
insoluble in water (Ladenburg a. Rugheimer, Ber. xi. 1 660). 

PBSlTYXi-AMZXliiCETZC ACZB, C®1P.CH(NH’<).C00H. This acid, pre- 
pared by the action of aqueous ammonia on phenylbroinacctic acid, crystallises in 
pearly scales, which are insoluble in the usual neutral solvents, but dissolve in acids, 
and in solutions of the alkalis and alkaline carbonates. It sublimes with partial 
decomposition without melting. It unites with hydrochloric, nitric, sulphuric, oxalic, 
and phosphoric acids, forming crystalline compounds which are decomposed by water. 
With phosphorus pentachloride it yields benzaldchyde and a resinous product (Stdek- 
enius, Ber. xi. 2002). 

PBEim-AllIZDOBZCBEOXACSTATE, ETBTBZC, 

C*II*.NH.CCl*.COOC“H®, is formed by the action of phosphorus pentachloride at 
temperatures below 70° on ethylic phenyloxamate. See Phknyloxamic Ethers. 

PBESnTEAMZirEB. Momphenylamint or Aniline, and a large number of its 
derivatives, have already been considered in this volume (pp. 191-206 and 
1305-1310). 

Bichlor anilines, C®H*C1*.NH* (p. 197). — Beilstein a. Kurbatow {Ber. xi. 
1860) have completed the series of these bodies by the discovery of the 1 : 2 ; 6 modi- 
fication, C®.NH*.C1.H.II.H.C1, which is obtained by reduction of the corresponding 
nitro-dichlorobenzene (m. p. 71®). It crystallises in needles melting at 39°. Its 
acetyl- derivative melts at 173®. The following table exhibits the melting and boiling 
points of the six dichloranilincs 








Acetyl-derivative. 





Melting 

Boiling 

Melting 


Cl 

Cl 

point 

point 

point 

Consecutive . j 

[} 

2 

2 

3 

23-5° 

39® 

252° 

156'6 

176® 



2 

b 

so® 

261® 

132® 

Unsymmetrical . 

1 

2 

4 

63® 

246° 

143® 

[1 

3 

4 

71-6® 

272® 

120-6® 

Symmetrical 

1 

3 

5 

60-6® 

260® 

186-6® 


Trichlor anilines, In addition to the two modifications described 
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at p. 147, Jloilstein a. Kurbatow have obtained the consecutive modification 
1 : 2 : 3 : 4 by chlorinating [1 ; 2 : 4] dichloraniline in acetic acid solution. By 
exchange of NH* for Cl it is converted into consecutive tetrachlorobenzcne. The 
physical characters of the throe known modifications are shown in the following table : 


Consecutive 
Symmetrical 
Unsymmetrical . 


NH» 

Cl 

dl 

Cl 

Melting 

point 

Boiling 

point 

Acetyl-clerivative. 

Melting 

point 

1 

2 

3 

4 

67-6® 

292° 

121° 

1 

2 

4 

5 

965“ 

270° 


1 

2 

4 

6 

77-6“ 

260° 



TetracKloranilines, C®11C1^NH'^. The modification NH® : Cl : Cl : Cl : Cb^ 
1 : 2 ; 3 ; 4 : 6, is obtained by chlorination of motachloranilino. It crystallises in 
needles melting at 88°. By the action of ethyl nitrite, it is converted into unsym- 
motrical tetrachlorobenzcne (m. p. 50-51°). The acetyl-derivative melts at 173°-174°, 
and is not decomposed by heating with strong sulphuric acid. 

The modification 1 : 2 : 3 .* 4 ; 5 [NH* in 1], obtained by reduction of the corre- 
sponding nitrotetrachlorobenzeiio, forms crystals melting at 118°. 

The modification 1 : 2 : 3 : 5 : 6, prepared in like manner, melts at 90°. 

Dlphenylamlne, C'“H"N (p. 207). This base is formed, together 

with cyanic acid (carbiraide), by the dry distillation of unsymmetrical diphenyl- 
carbamide : 

NII*.CO.N(C®H®)* = NH(C®1P)2 + COMl, 

and in like manner, together with phenyl-carbimide, by distillation of triphenyl- 
carbamide (Michlor, Ber. ix. 715): 

N(C«IP)*CO.NJI(C«Jl®) = NH(C“H'»)* + CON(C®H»). 

Diphenylamine hydrocJdoride is obtained, together with the hydrochlorides of 
cresylamine and phcnyl-cresylamino, by heating liquid toluidinc to 280° for ton hours 
with aniline hydrochloride (Gerard a. Wilm, Bull. Soc, Chim. [2], yjcv. 218). 

Action of Chlorine on Diyhcnylamine. — A solution of diphenylamine in glacial 
acetic acid absorbs dry chlorine, forming tetrachlorodiphenylamine, 
NH(C®H®C1’)* (p. 209). Diphenylamine subjected to exhaustive treatment with 
chlorine and iodine (p. 1060), yields perclilorobenzono, 0®CP, probably together 
with free nitrogen (Huolf, Ber. ix. 1483). 

Action of Bromine.— T oix a- and hox-bromodiphenylamine, NH(C®I[“Br“)2, 
and NH(C®IPBr®)*, are produced by the action of bromine on diphenylamine dissolved 
in glacial acetic acid (p. 205). By exhaustive treatment with bromine containing 
iodine, diphenylamine is converted into octo- and d eca-br o modiphenylaniiuo. 
The former, NIT(C®IIBr^)^ whicdi is produced at 250°, cry.stallises in prisms, melts at 
302°-305°, and dissolves with moderate facility in benzene, toluene, and chloroform. 
The latter, NiI(C®Br®)^ formed at 310°, crystallises in white slender needles, remains 
unmelted Jit 310°, dissolves sparingly in benzene, toluene, and chloroform, and is 
nearly insoluble in alcohol and ether (Gessner, Ber. ix. 1505). 

Nitro-diphenylamines. — A dinitro-diphenylamine, crystallising in red needles, 
and melting at 153°, is formed by the action of aniline on the tri ni trot )enzenc obtained 
from paradinitrobenzene (p, 175), (Hepp. Bull. Soc. Chim, [2], xxx. 4). 

Tetraniiro-diphenylamine, C‘”H.‘(NO*)^N, isomeric with Austen’s parapicryl- 
nitranilines (p. 199), is prepared by heating 1 pt. of diphenylamine dissolved in 40 
pts. glacial acetic acid in a capacious flask with 3 to 5 pts. nitric acid, whereupon red 
fumes are evolved and the solution turns green. AVhen the reaction is complete, 
excess of w’ater is added, which throws dowm a yellowish flocculent precipitate, drying 
up to a dirty greenish-yellow powder, which becomes glutinous when healed, and 
solidifies to a brown resinous body when cold. It may be purified by boiling with 
dilute aqueous sodium carbonate, from which it separates on cooling in brownish- 
yellow flocculent masses melting at 160°-170°. Methyl-diphcnylamine similarly 
treated yields the same body, and not a mcthyl-nitrodiphonylamine. The largest and 
purest yield is obtained by acting with 3 to 5 pts. nitnc acid on 1 pt. of diphenyl- 
nitrosamine (p. 209) dissolved in 10 pts. of hot glacial acetic acid. 

Tetranitrodiphenylamine, when pure, crystallises from glacial acetic^ acid in fine 
yellow needles or prisms melting at 192° , when more strongly heated in the air, it 
burns readily, but does not explode. It is soluble in alcohol, ether, and benzene, and, 
like its isomerides above mentioned, is easily dissolved by liot soda- or potash-ley, 
forming a solution of a fine scarlet colour, which on cooling deposits it in minute red- 
brown needles. It does not appear to yield an acetyl-derivative, even when heated in 
sealed tubes with acetyl chloride (Gnehm a. Wyss, Ber. x. 1318). 
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IHnitrotribrorMdiphmylamine, C**H®Br*N*0^ = C*®H®Br*(N0*)*N, is formed, 
together with other compounds, by heating a solution of 1 pt. tetrabromodiphenyl- 
amine in 1 to 2 pts. nitric acid, whereupon large quantities of nitrogen totroxide and 
bromine are evolved, and the solution on cooling deposits a crystalline mass, from 
which, by treatment with alcohol, glacial acetic acid, and caustic soda, diiforont bodies 
may be separated, the portion soluble in alcohol yielding after repeated crystallisation 
thin glittering yellow plates of dinitrotribromodiphonylamine. This compound 
dissolves in ether with reddish* yellow, in benzene and chloroform with yellow colour, 
melts at 209®-2l0°, and burns readily when strongly heated in the air (Gnehma. 
Wyss). 

Tdramidodiphenylamine^ — Tetraniirodiphenylamine, reduced with 

zinc and dilute hydrochloric acid, yields an easily solulde colourless salt, from whose 
aqueous solution scslium hydrate precipitates a colourless, tlocculent, basic substance, 
which in all probability consists of tetmmidodiphenylamino, but has not been obtaineii 
in a state fit for analysis. Its solution in hydrochloric acid turns red-violet in the air ; 
gives a violet colour with platinum chloride, gradually resolving itself into a dark 
precipitate ; a dark violet with ferric chloride ; a dark brown-re(l with zinc chloride ; 
and with sodium nitrite a blue colour quickly turning red, and then resolving itself 
into a brown precipitate. By the addition of ammonia a colourless precipitate is formed, 
but on exposure to air this precipitate redissolves, and a splendid deep blue solution 
is formed, of very unsUblo character. TetramidodiphenylaTnint! is reatlily oxidised 
by exposure to the air, probably with formation of tetra-iniidodipbonylamine, 
NHrC®H(NH)®]*, the reaction being similar to that by which diamidonaphthol, 
C‘®H*“N‘’0, is converted into diimidonaphthol, C*®ll"N-0 (vi. 8o7). 

Methyl-diphenylaminet N(CIl*XC®II*)®*~This base, heated to 150° with 
fuming hydrochloric acid in a sealed tube, is resolved into methyl chloride and diphenyl- 
amine. Heated with nitric acid^ as long as rod vapours are given off, it yields a com- 
pound closely resembling Austens diparapicrylamine, Nn[C®Il'(NO'^)’*]*(p. 190), 
and perhaps identical therewith. The product, after w-iishing with water, may bo 
crystallised from alcohol or glacial acetic acid, and separates from the latter in yellow 
prisms melting at 233°-234°. Its barium derivative, BaX‘'[C®H'‘(N02)»]\ crystallisi s 
in rhombohedrons of a fine red colour; the ammonium derivative in red laminae. The 
same compound is formed by the action of nitric acid on diphenylarnino itself, whence 
it appears that in the treatment of methyl diphonylamiiie with nitric acid, the act of 
nitration is accompanied by a separation of the methyl-group (Giiehm, Ber, vii. 1399). 

Methylene’-diphenyldiamiiic, C*®ir^N* = (C®U*)'“(CH'‘')'TI'^N*, is formed by 
the action of methylene iodide on aniline. A gentle heat is required to start the 
action, which then Uikoa place so violently that tlie entire mass becomes raised to the 
boiling point. In operating on considerable quantities, therefore, it is best to add 
thb methylene iodide by drops to tlie aniline warmed in a water-bath. The thick 
crystalline pulp thus obtained is first distilled in a current of steam, then mixed with 
alkali and again distilled, whereupon there remains in the fiask an oily substiince, 
which must be separated from the alkaline solution by a tap-funnel and well washocl 
with water. The oil which then reraain.s is a strong base, which dissolves readily in 
acids. It does not, however, form crystallised salts, only the sulphate, 
being thrown down by alcohol from its aqueous solution as an indistinctly crystalline 
precipitat e. The base prepared as above is analogous in all its chemical relations to 
the isomeric bases which Hugo Schiff obtained V*/ ^he action of acetaldehyde and of 
ethylidene chloride on aniline (vi. 79, 922). Bimethylene-diphenyldiamine appears to 
be formed by treating aniline with excess of methylene iodide (Julio Lermontoif, Ber, 
vii. 1255). 

EthenyUdifhenyldiamine, (C»1P)(CW)*HN* = C*I[»<^^^'^^^,.-This base, 

which Hofmann obtained by the action of phosphorus trichloride on aniline mixed 
with acetanilide or acetyl chloride (vi. 585), is also formed by the action of phosphorus 
pentachloride on acetanilide : 

2(C®H»XC^H®0)NH + PGP - (C®H®)*(C*H®)HN* + C*IPOa + POCl* + HCl. 

Acetanilide (2 mols.) and PCI* (1 mol.) are mixed in a flask, whereupon the mass 
V>ecomos hot, liquefies, and gives off h}’dr«jchloric acid, the evolution of which increases 
on heating the mixture with an inverted condenser attached to the fiask. The solid 
residue is then to be shaken with water and precipitated with ammonia or potash, but 
it is only by repeated solution and precipitation that the base can bo obtained crystal- 
line and free from resin. When purified by recrystallisation from alcohol, it exhibits 
all the properties of the base described by Hofmann (E. Lippmann, Ber. vii. 241). 

Ethenyldiphenyldiamine treated with reducing agents (tin or zinc and hydrochloric 
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acid^, or sodium-amalgam in acetic acid solution, takes up 2H^O, and is resoh ed into 
acetic acid and aniline : 

(C«U®)2(C*H»)HN« + 2H*0 = + 2(C«H*)H2N. 

With bromine it forms ethenyl-dibromo-dipheny Idiamine, which 
crystallises with some difficulty in broad laminae. With fuming nitric acid it forms 
ethenyldinitrodiphenyldiamine nitrate,- NO*, which does not dissolve 
in water, alcohol, other, alkalis, or acids. By prolonged boiling with water or acids, 
or prolonged heating with water in a scaled tube, this nitro-compound is converted, 
first into nitracettinilide and ultimately into paranitranilino (m. p. 141®). By re- 
duction it is converted into paraphenylenodiamine (R. Bicdermann, Ber. vii. 539). 

Et hylene-di'phenyl- diamine^ 0®H*(C®H*)*II*N*. — According to A. Gre- 
tillat (il/o9w7. ScienU [3], iii. 383) this base, when prepared by treating ethylene 
bromide with a largo excess of anilino (Hofmann’s method, iv. 455), is always con- 
taminated with diethylene-diphenyldiamine, (C*H*)*(C*H*)‘‘*N*, which however may bo 
separated by dissolving the whole in boiling concentrated acetic acid, and adding 
alcohol, whereupon the diethylone base separates in crystals. 

The two free hydrogen-atoms in ethylonediphenyldiamine may be replaced by acid 
radicles, either fatty or aromatic. Ethyl&iediacetyldiphenyldiamine is a ciystallino 
body easily soluble in alcohol and ligroin at the boiling boat, and still possessing 
basic properties; (thylencdiUnzoyldiphenyldiamine, on the contrary, is destitute of 
basic properties (Grotillat). 

Trichlorethylidene’-diphenyldiamine,O^^R'^WC^ = CC\^.(m{mi.(y^K^)\ 
is formed by the action of aniline on anhydrous chloral. The action is violent, and 
the vessel must bo cooled. The product is a thick liquid which soon becomes crystal- 
line, and may bo obtained by rccrystallisation from alcohol in tabular crystals 
with well-developed faces. This compound dissolves readily in alcohol, ether, ben- 
zene, and chloroform, but is insoluble in water. It melts at 100"-10l®, and decom- 
poses at 150°. By boiling with water, or by prolonged heating with alcohol, it is 
decomposed, with formation of phenyl isocyanido. The same product is 
fornnyl by aqueous solutions of the alkalis, slowly in the cold, more rapidly when 
heated, and instantly with alcoholic potash. The first reaction is probably, 

CCRCII(Nir.C«H»)'-« - CHH.NC CIICl* + 

Chloroform cannot however bo detected amongst the products of the reaction: it 
probably acts upon the aniline in such a manner as to produce another molecule of 
phenyl isocyanide. 

Trichlorethylidone-diphenyldiamiiio does not appear to be a base : its alcoholic 
solution has a neutral reaction, and when treated with hydrochloric acid and platinic 
chloride yields the platinochlorido of aniline (Wallach, Liebig's Annalen^ clxxiii. 349). 

Diphenylamine-hhie . — Willm a. Girai’d {Dingl. pol, J. ccxxi. 192) have 
obtained a blue dye-stuff by the following process : Ihire formodiphenylamine (p. 208) 
is first prepared by heating 100 kcr. dipheiiylaiiiine wdth 30 kg. formic acid to r20°-160® 
for twelve hours, and expelling the excess of formic acid by distillation. 1 kg. of this 
compound is then heated to 1 1 0®-l 20° for twenty to twenty-four hours with 2 kg. oxalic 
acid; the product is poured into benzene; and the residue insoluble therein, after being 
freed by boiling water from adhering oxalic acid, is dried and dissolved in strong alcohol. 
This solution, heated with weak potjish-ley, filtered, ami mixed with hydrochloric acid, 
deposits the blue dye-stuff; and this, when wiished withw^ater and treated at 40°-60° 
with sulphuric acid, yields the corresponding sul phonic acid, which may be used 
directly as a dyeing liquid. The same colouring matter may be prepared from aceto- 
diphenylamine. The corresponding dinaphthylamines, and the triamines formed from 
diphenylamine by introduction of methyl and benzyl instead of formyl and acetyl, are 
also said to yield the blue dye when treated as above ; and similar blue colouring 
matters are said to be obtained by heating diphenylamine itself with dry oxalic acid, 
tartaric acid, &c. 

Trlptaenylamlne, N(C*H'‘)*. On the formation of this base by the action of 
bromobenzene on potassium-aniline, see p. 209. It forms monoclinic crystals with 
the axial ratio a [ h I c = 0*9913 I 1 I 1*4119. Angle ac = 88° 38’. Observed forms 
OP, +p, +Poo, ooSoo. The crystals are mostly twins according to OP; they 
are elongated in the direction of OP and - P, and do not appear to be cleavable in 
any direction. Angle — PlooPoo = 51® 16’; — ProoP = 26° 19’; -t-PlooRoosa 
60° 38*6'; oo P : OP - 89*2'. The plane of the optic axes is the plane of symmetry. 

Triphenylamine, treated with chlorine and iodhie (p. 1066). yields perchloro- 
triphenylamine, N(C*CP)*; which by further chlorination is converted into per- 
chlorobenzene : 
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N(C«H»)* + 16C1* * 15HCI + N(C«C1»)» 

and 

2N(C«C1»)* + 3C1* = 6C»C1" + N-’ 

(Buoff, Ber, ix. 1483}. 

PBBlim-A&SBinc GOMPOVSTBS (Michaelis, vili. 1316; iz. 1666; 
z. 622 ; La Coste a. Michaelis, ibid, xi. 1883). 

1. Arsenioua Dichlorophenide op BhenyUdichlorarside^ CWAsCl*, is 
formed by the action of arsenious chloride on mercury-diphenyl : 

HgCC-H^y-* + 2AsCl» = HgC12 + 2C*H»As0l*. 

When three or four times the theoretical quantity of arsenious clilorido is used, the 
action begins at ordinary temperatures, heat being evolved, and arsenious dichloro- 
phenide produced, together with arsenious chlorodiphenide, (C“IP)*A8C1, and mercuric 
chloride. The action is completed by heating the mixture for an hour, and the 
resulting liquid, when dec^inted from the solid sublimate and submitted to fractional 
distillation, yields the two phenyl-arsenic compounds above mentioned. 

Arsenious dichlorophenido is also formed by beating arsenious clilorido with 
benzene, C*II* + AsGl’ = lIGl+C®H^\8CR As thus produced, however, it is mixed 
with diphenyl formed by a secondary action, and cannot easily bo separated ; but its 
presence maybe demonstrated by fusing the mass under water, and passing in chlorine 
to saturation, whereby arsenic tctrachlorophenide, G®Jl*AsCl\ is first formed and tlien 
converted by the water into monophenylarsinic acid, C®H*AsO(OH)=' (La Goste a. 
Michaelis). 

Arsenious dichlorophenido is a colourless, strongly refractive, not very mobile 
liquid, having a faint unpleasant smell in the cold, sharp and penetrating when warm, 
and exerting a violent corrosive action on the skin. It fumes in the air, and boils at 
252®-255®. It is not altered by boiling water, but alkalis dissolve it, forming salts 
which may be separated from the chloride of alkali -metal produced at the same time, 
by their solubility in absolute alcohol. The potassium salt, G®n®As(OK)^ heated 
with strong hydrochloric acid, is reconverted into arsenious dichlorophenido (Michaelis). 
By brmnine in excess it is converted into arsenious bromodichlorido, hydrogen 
bromide, and paradibromobenzeno : 

G®H®A8CP -h 2Br= == AsBrGB + HBr -i- G^H^Br*. 

Arsenious Chlorodiphenide, or Phenf/l-cacodyl chloride, (C®IP)*AsCl, is 
the residue of 'higher boiling point obtained, as above mentioned, in the fractional distil- 
lation of the product of the action of arsenious chloride on mercuric phonide. Wlieri 
purified, it is a thick, oily, yellowish, non-fuming, and nearly scentless liquid, having 
a sp. gr. of 1*422 at 15 ’, and distilling unchanged at 333°, in an atmosphere of carbon 
dioxide. It is heavier than w’ater, and is not decomposed thereby (Michaelis, loc, cit,') 

Arsenic I'richlorodiphenide, or Phenyl^cacodyl Trichloride, 
(C®II®)*AsCl®, formed by direct combination of the last compound with chlorine, is a 
yellow solid resembling phosphorus pentachloride, but more stable in presence of 
water or damp air. It melts at 174°, and solidifies in crystals. It is decomposed 
by warm water, forming a liquid, probably an oxychlorophenide, which suiFcrs further 
decomposition on boiling, yielding monophenylarsinic acid. 

The BromodicUorodiphenide, (G®H*)*AsGl*Br, a comparatively unstable body, is 
formed by direct combination of the dichlorophenide with bromine. 

Arsenic Tctrachlorophenide, or Phenyl-tetrachlorarside,C*PPkcQ\^, 
formed by direct combination of arsenious dichlorophenide with chlorine, solidifies 
gradually at ordinary temperatures, quickly at 0°, to broad needles. It melts at 46°, 
and remains fluid for a long time after cooling. In moist air it is converted into 
arsenic oxydichlorophenide. C“H®AsOCl*, and phenylarsinic acid, 
(G®II®)AsO(OH)‘-. It converts organic acids into chlorine-derivatives, acetic acid, for 
example, into monochloracetie acid, being itself at the same time reduced to arsenious 
dichlorophenide : 

0®H®AsGl* + G^H^O'-* = G®H®AsCB + G*H®G10» + HGl. 

It is not acted on by sulphur dioxide. When heated, especially in a stream of carbon 
dioxide, it is resolved into arsenious dichlorophenide and free chlorine. Heated to 
150° in a sealed tube, it is resolved into arsenious chloride .and monochloro- 
bensene. 

Monophenylarsinic acid, (G®H®)AsO(OH)®, is formed by the action of excess 
of water on arsenic tetiachlorophenide : 

0®H®AsGl® + 3E*0 = 4HCI -h G«H®AsO(OIT)* 
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It is very soluble in water, and crystallises in long white needles, which soften at 
158*^, and are converted into the anhydride. Phenylarsinic acid forms normal salts 
only with the heavy metals, and these salts are mostly amorphous. Its solution 
neutralised with ammonia yields with silver nitrate a white precipitate of aUv&r 
fhmylarsinate^ C®H*AsO(()Agy‘', sparingly soluble in water, easily soluble in ammo- 
nia and in nitric acid. With the alkalis and alkaline earths, the acid yields salts of 
the form C«H*.AsO(OH)OAr ; the barium salt crystiillises in short radiating needles ; 
the copycT salt in pearly plates. 

Motio^hmylarsenifi Anhydride, G®IPAsO“ obtained by heating the acid nt 168®, 
is an iiniorphous powder, similar in constitution to nitrobenzene. On treating it or 
the corresponding acid witli zinc and hydrochloric acid, the smell of an arsine becomes 
porceptible (ha Costo a. Michaelis). 

DiphenylarsUiic or Phenylcacodylic acid, (C®II®)-AsO(OH), separates on 
cooling the filtrate obtained when the last-described body is decomposed by boiling 
water. It crystallises in slender needles, melts at 174°, dissolves with difldculty in 
cold, easily in hot water. The solution neutralised with ammonia gives, on addition 
of silver nitrate, a precipitate of silver diphenylarsmate, (C“H*)*AsO(OAg), soluble in 
ammonia and in nitric acid. 

Arsenious Oxyphenide, C*ll'‘AsO, obtained by the action of sodium carbonate 
on the dichlorophonidc, crystallises from alcohol in crusts, smells like aniseed when 
cold, but when heated becomes very pungent, and attacks the mucous membranes of 
the nose. It is insoluble in wat(*r, melts at 120°, and is reconverted by aqueous 
hydrochloric acid into the dichlorophenide. When heated above its melting point, it 
is resolved into arsenious oxide and a high-boiling liquid, which solidifies on cooling 
and consists probably of triphenylarsine. Jlromine acts violently on it, producing 
arsenic oxybromophenido and bromo-benzonc : 

(1) G«H‘AsO + Br* = G^H'^AsOBr* 

(2) G«n»AsO + Br^ = G«H"Br + AsOBr. 

Arsenic Oxychlorophenide, G*H*AsOCl-, is formed by the action of water on 
arsenic tetraclilorophenide, but is more conveniently obtaineil by the action of chlorine 
on the oxyphonidc, with wliich it combines very readily. It is a white crystalline 
body fuming in the air, and melting at about 100°. Water converts it into phenyl- 
arsenic acid ; on heating it to 1 20^, it is resolved into arsenic oxychloride and chloro- 
benzene. 

Arsenious Dihromophenide, C®H*AsBr®, is obbiinedby heating the oxyphenide 
with concentrated hydrobroniic acid, or by the action of arsenious bromide on mercury- 
diphenyl. It is a pale yellow liquid, having a faint smell, and boiling, not without 
decomposition, at 286°. It is not decomposed by water: bromine converts it into 
broraobenz(*ne and arsenious bromide. 

Diethylphenylarsine, G^IIXC'-^lPy-As, is formed by adding a mixture of 
arsenious dichlorophenide and benzene or other to zinc-ethyl. It is a refractive liquid 
having a faint but unpleasant smell, Mini bt)iling at 240°. It absorbs chlorine readily, 
forming crystalline arsenic dichlorodiethylphenido, C'*HXG‘H®)-AsCl'‘*. It also com- 
bines with ethyl iodiilo at 100°, forming the corresponding iodine-compound, 
C“IIXG“JP/‘AsP, which crystallises from water in thick noodles. 

Triphenylarsine or Arsen ious Triphenidv, (C®H*)®As, is formed, together 
with (G®lP)HgGl and HgCl', in the preparation of arsenious clilorodiphenido by heat- 
ing arsenious dichlorophenide with mercuric plienido (p. 1562), and separates from 
the high- boiling residues left after the other products have passed over, in large 
rhombic plates. It is mom easily prepjvreil, however, by heating arsenious oxyphenide 
at 180°-200°: 3(G*K*)As() = As-0*-i-(C®H®)*As. It melts at 68°-5{)°, distils un- 
changed in an atmosphere of carbon dioxide at a temperature above 360°, dissolves 
easily in ether and benzene, sparingly in cold alcohol. It does not react with ethyl 
iodide at 100°. 

Triphenylarsine DichhMe or Arsmio Dkihloroiriphenide, (C®IP)*AsCl*, is obtained, 
by the action of dry chlorine on triphenylarsine, as a white powder, and crystallises 
from solution in benzene in colourless plates melting at 171®. At 280° it is resolved 
into monochlorobenzene and arsenious chlorodiphenide : (C®lP)*AsGP=G“H®Gl-f 
(C®H*)®AsGl. On treating it with boiling water or dilute ammonia, the chlorine-atoms 
are replaced by OH-groups, and triphenylarsine hydroxide, As(G*H*)*(OH)* is 
formevi, which crystallises from its aqueous solution in plates, from concentrated 
solutions in needles melting at 108°. Heated at 106°-110° it loses 1 mol. of H'-O, 
and is converted into triphonylarsino oxide, As(G*H*)*0. 

VoL. VIII. 6 H 
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Triphenylarsine forms with mercuric ckhridc the comjiound A8(C®H*)*.Hg01*, a 
crystalline body, soluble in alcohol, but almost insoluble in water. It is nut docom- 
poiBed by aqueous potash in the cold, but on boiling the mercury is reduced to the 
metallic state, and Ab( 0*H*)*(OH)* is formed. By the action of alcoholic potash in 
this* cold it is resolved into mercuric oxide and triphenylarsine, which dissolves in* the 
alcohol. 

Diphenyl-ethyl arsine, (C*H®)*As(C*H*), obtained by the action of zinc-ethyl on 
arsenious chlorodiphenide, is a colourless liquid, having a fruity smell, and boiling at 
305°. It unites directly with chlorine, forming the solid dichloride, (C“H®)*As(C'‘*H®)Cl®, 
which crystallises from benzene in long colourless needles. It combines with 1 mol. 
ethyl iodide at 100°, forming diphenyl-diethylarsouiuin iodide, As(C“H®)^(C'“II*)‘“I. 
The corresponding chloride is uncrysbillisablo, but on mixing its solution with platinic 
chloride, the platino-chhride, [As(C®H^y‘^C*H*)'“]2PtCl®, is obUined as a yellow pre- 
cipitiite, slightly soluble in water, amorphous at first, but quickly becoming crystalline, 
and forming when dried, gold-yellow crystalline lamime (Lji Coste a. Michaelis). 

Monophenyltrkthylarsonium Iodide, (C®H*)As(C"H^)®I, is prepared by dropping 
zinc-ethyl diluted with 3 vols. benzene into a benzene-solution of the mixture of 
arsenious chlorodiphenide and diphenyl produced by the {icl ion of ar.senions chloride 
on mercuric phenide. The benzene is then to bo distilled off, and pot a.sh added, which 
precipitates monophenyldiethylarsino and dissolves the diphenyl; and the arsine 
separated by filtration from the alkaline liquid, is heated in a sealed tube with ethyl 
iodide, whereby it is converted into phenyltriethylarsonium iodide, which may bo freed 
from adhering diphenyl by recrystallisation from water. 

This iodide melts at 112°-113°, and is resolved at a higher temperature in a stream 
of carbon dioxide into ethyl iodide and phenyldiethylarsine. Heated for two or three 
hours at 110° in a sealed tube with silver oxide and water, it yields a strongly 
alkaline solution of tlie corresponding hydroxide, which remains on evaporation in 
the form of a syrup, and is easily converted into the chloride by neutralisation with 
hydrochloric acid. The chloride is uncrystJillisablo, but yields a platinoclilorido, 
[As(C*H^)(^C‘H^)*]‘‘^PtCl®, in the form of a precipitate consisting of gohlen-yellow 
crystalline laminae, which may be recrystallised from 'water (La Coste a. Michaelis, 
Ber. xi. 1884). 

FBSWTXiAZODZfiTBTXiAMXnOBISXrZOlC ACZB, 

C®IP.N=:N,C®H®(OOOH)N(C‘^H*)^ Syn. with Azoiiknzkne-dirthylamidocarboxyl- 
BENZENE.(p, 215). Similarly with regard to the corresponding methyl -compound. 

PBS»rYZ.AZOPBBBYXiSZrS-AZOPBBBYZiSBS KYDBOXZBE, 

C*H*.N^.C®H^.N'^.C®IP(OH), formed from potassium-plnujol and diazobenzeno, is 
resolved by na.scent hydrogen into aniline, paradianiidobonzene, and puramidophenol ; 

C®H\N2.C®H®.N*.C®H^OH -i- 4H* = C^H'N + + C»H’NO 

(Caro a. Schraube, Ber, x. 2230). 

PBXSBYB-BEZrZEXflrB SVZiPBAZZBB, formed by the 

action of phenyl sulphochloride on phonyl-hydrazino in ethereal solution, crystallises 
in slender wdiite needles, melting at 140°, slightly soluble in ether, benzene, and 
cliloroform, easily in hot alcohol. By oxidation with mercuric oxi<lc, it is converted 
into the diazcj-cornpound, G“HCN".SOCC®H®, which Koenigs obtained (7>r. x. 1531) by 
the action of benzenesulphonic acid on diazobenzeno (E. Fischer, Liebig's Annalen, 
cxc. 132). 

PBBBYZi-BBirZOYZr-TBZOCARBAMZDB, C®H®.NH.C8.KU.CO.C®H®. 

See Caiibamides (p. 400). 

PBSZrYZ-BUTYBS or BUTYB-BBBZEBZSS, Normal 

Phenyl-bitiyl, C®H*.(C11*)CCH*, is obtained by the action of sodium on a mixture of 
benzyl chloride or bromide and normal propyl bromide : 

C®H».CH2.C1 -I- CIRCIP.CJI^.Br + Na'^ - NaOl + NaBr + C®IP(CIP)»CIP. 

The reaction may be carried out on the sand-bath -without the use of any diluent 
(Radziszewski, Ber. ix. 260°). According to Balbiaiio {ibid. x. 296), normal plieiiyl- 
butyl is also formed by the action of sodium on a mixture of bromobenzene and 
normal butyl bromide. 

Normal phenyl-butyl is a colourless, strongly-refractivc, fragrant liquid, having a 
density of 0*8622 at 16°, and boiling at 180° (cymene boils at 175°-176°). Heated 
with bromine it yields a substitution- product, which when distilled gives off hydrogen 
bromide and yields two hydrocarbons, one of which is readily polymerised, while the 
other (normal phenyl-butylene; distils without alteration (Radziszewski): 

C®H».CH*.CH2.0H2.Cfl''‘Br = HBr + C«lP.CH*CH*.CH=rOH» 

Bromophfnylbutyl. ■Normal Pheijyl-biitylene. 
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^henyl‘i»ohutyl, C®H*CH*.Cir(CH*)*. — Of this hydrocarbon there are two 
modifications, distinguished iis a and The a-modificatiou is obtained in small 
quantity by the action of sodium on an ethereal solution of the bromides cooled by a 
mixture of ice and salt. It is a transparent colourless liquid, having a fragrant but 
very pungent odour, a specific gravity of 0*8577 at 0®, and boiling at 169°-161° (J. 
Kiess, Jkr. iii. 779) ; sp. gr. 0-89 at 1*5®, boiling point 167*5° (Radziszewski, ihid. 
ix. 260). By oxidation with chromic acid mixture, it is converted into benzoic acid. 
Its bromo- and ^w/ro-dorivatives are uncrystallisablo ; the ^w«?/«w/<?o-ilerivative does 
not form cry stalli sable salts. The snilphonic add crystallises in fine, transparent and 
colourless, rhombic needles ; its barium salt in fine white lamina^ easily soluble in water 
and dilute alcohol, sparingly in absolute alcohol and in ether (Riess). 

^-PhenyUviobutyl is formed, with brisk reaction, on treating an (‘theroal solution 
of phonyl-bromothyl, C“]P.Ciinr.CfP, with zinc-ethyl. It is a colourless liquid, 
having a specific gravity of 0*8726 at 16°, and boiling at 170°-172® (Radziszewski, 
loc, cit.) 

PBBir7Zi-BVTirx.i:xr&, C">H»2= G^H’COTl^^). The hydrocarbon of this com- 
position (b. p. 176®-178®), which Aronheim obtained in 1872 by mixing benzyl 
chloride with allyl iodide in etliercal solution (vii. 946), is now regarded by him as 
constituted according to the formula C^IP.CH-.CU— -CH.CII®, and supposed to be 
formed (on the hypothesis of molecular transposition) according to the equation : 

C“1P.0IP01 + Na*** + ICH-.CH— CII* = C^H^OH^CH—Cn.CH* + NaCl + Nal. 

Its bromide^ is converted by oxidation with nitric acid into the phenyl- 

monobromopropionic acid described by Glaser (vi. 470, 962); but the success of the 
reaction appears to depend on peculiar conditions (Aronheim). 

Normal phenyl-butylene, OH^C®IP, produced as above mentioned, by dis- 
tillation of iiormnl bromophcnyl-butyl, boils at 186°, and forms with bromine the 
compound which crystallises in wdiito needles having a silky lustre, and 

melting at 70®-7l°. On distilling this dibromido with lime, a mass is obtained, 
wliieh af(er purification exhibits the odo\ir, crystalline form, and melting point of 
naphthalene (Radziszewski, Ber. ix. 260). 

PHBBTZi-CACODYBZC ACZB, syn. with Diphenyl-A.bsixic acid (p. 1553). 

PBBBYB-CACOB YB-CHBORZDBS (Di- and Tri-), syn. with Aksbniods and 
Arsenic Ciilorodiphenidks r(;spectively (p. 1552). 

PREMTYBCABBAMaTB, PROPYBZC, C•^^NH.CO.OC®H^ is formed by 
the action of aniline in etliercal solution on propyl chlorocarbonate : 

Gl.GO.OOTI^ + = HGl + C«1I®N H.GO.OG»H^ 

It crystallises in slender needles, easily soluble in alcohol, less soluble in water, melt- 
ing at 57''’-o9® (H. Komer, liar, vi. 1101). 

PBBRYB-CARBAUXZBE, NH-'.GO.NI^G"!!*). On the crystalline form and 
other physical characters of this compound, see Garuamidks (p. 390). 

Diphenyl-carbamide . — The symmetrical modification of this compound, 
(C«il*)liN.CO.NH(0‘‘lP), or carbanilidev is formed by the action of water on dibenz- 
hydroxamic acid. See JIydroxamic ktuers (p. 1080). 

PBBBYB-CARBOBZZMZBOTHZACETZC ACZB, G®I1'®]S ^SO^ » 

This acid is formed by tlio action of mouochloracetic 

acid on aniline thiocyanate, or a mixture of a metallic thiocyanate with aniline. The 
best yield is obtfiincd by heating 1 mol. aniline dissolved in twice its weight of 
absolute alcohol on the water-bath with 1 mol. ammonium thiocyanate and 1 mol. 
chloracctic acid. A brisk reaction then sets in, attended with evolution of gas, and 
crystals separate, increasing in quantity as the liquid cools : they may be purified by 
repeated crystallis.-ition from absolute alcohol and boiling witli ether. 'I’lie compound 
thus obtained dissolvi's easily in hot water, alcoliol, and acetic acid, sparingly in 
other, and crystallises in flattened prisms, apparently orthorhombic, which melt at 
118°- 162®. Its aqueous solution has an acid ror.ction, but no salt or ethyl-compound 
of it has yet been obtained. The solution is coloured deep yellow by iron salts, and 
decomposed by prolonged boiling with alkalis and acids. Boiled for several hours 
with sulphuric acid (20 per cent.) it yields phenyl-carbamide and thioglycollic aciil : 

0®H*®N*SO* + H^O = Cn®(G«H»)N*"0 + CH*(SH)(CO*H). 

5k2 
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The corresponding paratolyl-compoundt C*®H**N*SO*, obtained in like manner by 
heating paratoluidine with ammonium thiocyanate and chloracetic acid, melts at 176°- 
182®, and is resolved by boiling with sulphuric acid into thioglycollic acid and tolyl- 
carbamide (Jager, J. pr, Chern. [2], xvi. 1). 

PBBITTXi-CB&ORACBTikMZDS, 0®H®.NIt.C^H'‘‘C10. See Acktamides 
( p. 5). 

PBBinrB-CBBSTZiBMZBrBS, See ToLuinmES. 

PBBBTXi-CBOTOWZC ACZ2>, G>®H*®0*»G®H®.G’H«.G0»1I. See Ginnauic 
ACID, Homologuks OF (p. 500). 

PBBNTB-CTMTli-CABBAMZDB, G®H^NH.GO.NH.G'®l^^ See Cau- 
BAHIDES (p. 392). 

PBBBTXi-BZBBirZAMZBB, (G®H®)N(Gai-'0)^ analogous to Hofmann’s 
phenyl-diacetamide (vii. 046), is formed by tke action of benzoic acid on phenyl- 
thiocarbimide at 130®-150° : 

(G®H®).NCS -H 2(C«H®.GOOn) - (G‘‘H®)N(C«H®.CO)* + GO* + H*S 
(Losanitsch, Ber. vi. 176). 

PBBinrZi-BZBTBTZi.AZOZrZVM BBOMZBB, G®H®.N*lP(C*IP).C*ll®Br. 
See Htdkazinks (p. 1051). 

C«H»— C“H\ 

PBBBTZi-BZPBBBTZiBirB SVZiPBZBB, C‘®n**S» i This 

appears to bo the principal constituent of the higher-boiling portion of the crude 
diphenylenc sulphide which Graebe obtained by passing the vapour of phenyl sul- 
phide, (0*H®)*S, through a red-hot tube filled with iron nails (p. 669). 

PBBBTZiBBB-CABBAMZBB, C®HXNH.GO.NH*)*. See Garbamides 
( p. 392). 

PBBZnrZBBB-BZAMZBBS, G®H»N*=^ NH;.G®H^NH*. JJiamidobcnzenes.— 
These bases are obtained by the action of reducing agents on tlie corresponding 
dinitrobenzenes and nitroamidobenzenes (nitranilines), and by dry distillation of the 
corresponding diamidobenzoic acids (iv. 480; vii. 946). The following are their 
melting and ix)iling points, those of the meta- and ;)nra-modificatious according to 
Hofmann, those of the ortho-modification according to Griess : 

Ortho Meta Para* 

Melting points .... 99° 63° 147° 

Boiling points .... 252° 287° 267° 

Oitho-plienylene-dlamlne is also produced, (n). From ortho-nitrobromo- 
benzene (p. 176), by heating that compound with alcoholic ammonia, whereby it is 
converted into orthonitraniline, and reducing the latter with tin and hydrochloric 
acid (Zincke a. Sint^'nis, Ber. vi. 637). (b). From metabromorthonitraniline, 

G®.NH*.N02.H.H.Br.H (p. 199), by reduction with tin and hydrocliloric acid, and 
treatment of the resulting bromodiamido-benzene with sodium-amalgam (Wurster, 
p. 201). ; 

Orthophenylenediamine is converted, by Vhe action of a dilute solution of pota.s- 
sium nitrite slightly acidulated with sulphuric acid, into amidazo-phenylone, 
C*H*N*, which crystallises in white nacreous needles molting at 98*5° (Ladenburg, 
Ber. ix. 219). 

Methenyl-o~phenylenediamine^ CHI®N*= is obtained by 

heating o-phenylene diamine with formic acid for four hours in a flask connected 
with an upright condenser. It is a white crystalline body which molts at 167°f and 
boils at 360°, dissolves in alcohol, water, and acids, and is precipitated from acid 
solutions on the addition of ammonia. Tlie hydrochloride, sulphate, nitrate, and 
acetate are extremely soluble in water. The hydrochloride has the composition 
G»H«N*.HCl -I- H*0. The platinochloride, (GUl®N*.HCl)*PtGF, crystallises with 2 mols. 
water, which it gives off at 100°. The aurochloride, G’H®N*.HGl.AuGl*, sepjirates 
from solution in dilute hydrochloric acid in feathery groups of yellow anhydrous crys- 
tals (£. Wundt, Ber, xi. 826). 

* The base melting at 63** was formerly reganiod as the para-^ and the base melting at 147° as 
the m(>to-mo<liflcation (vii. 947} ; but recent investigation having sliown that ordinary dinitrobenzene, 
from which the former is derived, is a Tneto-compound (p. 175), it follows that the original dcslgna- 

ti'^ns of these two bases must be reversed. 
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Ethenyl-o-jphenylene-diaminef prepared by 

boiling orthophenylenodiamino with glacial acetic acid, melts at 175°, and distils 
without decomposition (Ladenburg, Ber, viii. 677). 

Propenyl-phenylencdiamine^ prepared by heat- 

ing propionic acid with orthophenylencSdiamine, molts at 168'6°-169°, and boils above 
360®. It is very soluble in alcohol, ether, and acids, and is deposited from its 
aqueous solution in thin plates. All its salts, except the picrato, are very soluble in 
cold water. The picrate, C®H‘®0“,G‘'H2(NO2)*OII, is deposited from a hot saturated 
aqueous solution, on cooling, in yellow needles (Wundt). 

Anhydrohensoyl-phenyhenediamine, = is 

formed by the action of hydrogen on orthonitrobenzanilide : 

NH-C0~0*H NH-0-C*H‘ 



Fuming nitric acid converts it into a mononitro-derivative, which is but feebly basic, 
molts at 196°, dissolves easily in hot alcohol and glacial acetic acid, and crystallises 
from the alcoholic solution in granular groups of needles. With tin and hydrochloric 

acid.it yields the bi-acid base, C"'H>-N»=NH*C«H»<;[^^C.C*H», which sepa- 

rates from a saturated alcoholic solution in dense white granules, molting at 245° 
(Uiibnep a. St over, Bcr. vii. 1314). 

Amylanhydrohmzoyl-phemjlenediamine, ’^^"^0.0*11*, is 

obtained as a hydrlodide by heating the preceding compound with excess of amyl 
iodide at 180® (another compound crystallising in white lamiiias insoluble even in hot 
water, being formed at the same time). The free base crystallises from alcohol in 
microscopic rhombic plates, melting at 270®. Its salts are crystallisable (Senne\\'ald, 
Ber. ix. 775). 

Eihylanhydrobenzoyl-phcnylenedhwimet 0*11*^ ’ ^C.C®H*, is formed in 

like manner together with another compound. It is moderately soluble in water ; its 
hydrochloride and basic sulphate crystallise in needles (Scnnowald). 

Metapbenylenedlamine is formed by reduction of ordinary dinitrobenzeno, 
nnd by distillation of either of the three mcfcidiamidohcnzoic acids (p. 273). It occurs 
also as a bye-product in the manufacture of aniline (p. 210). Boiled for live or six 
hours with oxalic acid and alcoliol, it is converted into phenylene-oxamic acid, 
NH“.C®lKNlI.CO.COOn (p. 1457). 

Chloro-??i- 2 >henylenediamine, C®.NH®.H.NH*.C1.H'-, melting at 86®, is formed by the 
action of tin and hydrochloric acid on the corresponding dinitrochlorobonzene (m. p. 
50°), p. 183 (Beil stein a. Kurbatow, Ber. xi. 1939). 

Nitrochloro-m-phmylencdiamine^ C® N’II*.N0*.NH*.H.C1.H, is formed by the action 
of alcoholic ammonia on nitrochlorobcnzenc, C®.C1.N0^CI.II.C1.H (m. p. 68^), (Beil- 
stein a. Kurbatow, Ber. xi. 1978). 

Tetra 7 netkyl-m-phenylevediamine, (CH*)*N.C®II^N(CIl®)^ is formed by the action of 
methyl alcohol and hydrochloric acid on metaphenylouediamino, and separaU^s from 
the resulting solution on addition of caustic soda, as an nncrystalli sable oil having a 
peculiar odour and boiling at 256® (corr.) Its hydrochloride forms hygroscopic crystals. 
The free base unites with methyl iodide to form the compound C®H^[N(GH®)-]®.CH*I + 
H®0, which dissolves freely in water, but is less soluble in nlcohol ; it melts at 192® 
with decomposition into its constituents. Totramethylmetuphenylcnediamino forms a 
liquid dihroTiw-compoimd. and is converted by the action of nitric acid on its acetic 
acid solution into the nitrosamino of trinitrotrimethylmdaphenyUmdimninCf 
C®H(NO‘'*)*N‘'*(CH®)®NO, a yellow crysUillino body, which dissolves in alcohol and in 
benzene, and melts at 132® (Wurster a. Morley, Birr. xii. 1814). 

Parapbenylenedlamlne is formed : a. By the action of dry hydrogen chloride 
at 180® on paTumidodimethylauiline : 

C»fl^(Nn2)N(CH*)» -h 2HC1 = C®JJ\NH2)2 + 2CH®C1. 
fl. As hydrochloride, together with the tin salt of diaraidodiphenylcarhamide, 
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C0(NH.C*Il^NH-)*.2lICl.SiiCl* by the action of tin and hydrochloric acid on the 
nitro-prodnct (chiefly diiiitrocarbanilide), obtained by the action of nitric acid on 
carbanilide. The hydrochloride of the phony lenc-diamine is more soluble than the 
tin salt just mentioned (H. Schiif, Annakn, clxxxix. 157). 7. By reduction 

of nitraiiiline from nitracetanilide with tin and hydrochloric acid (Biedermann a. 
Ledoux, p. 210). 

Paraphenylene-diamino melts, according to Hofmann, at 140°, but according to 
Biedermann a. Ledoux, the perfectly pure Iwise obtained by dry distillation of the 
hydrochloride with sodium carbonate, melts fit 147*^ (p. 210). 

Reaction with Calcium Hypochlorite . — When ii solution of parsiphonylencdianiine 
hydrochloride slightly acidulated with hydrochloric tjcid is quickly stirred into an 
excess of a solution of bleaching powder (1 mol. of the hydrochloride to 3 mobs, 
chlorine), a yellowish- white precipitate separates out, having the composition of 
dichlordiimidobenzene, C‘‘H^Cl“N“ = c4l-(Cl“)(NIl.)2 This compound is soluble 
in alcohol, ether, benzene, and glacial acetic acid, sparingly in hot. Avator. Wlien 
slowly heated in an oil-bath it detonates at 124°, but if rapidly heated it may be 
melted •without decomposition. By the action of reducing agents it is reconverted 
into phenylcnodiaminc hydrochloride. Ilydrcichloric acid of sp. gr. 1’2 converts it 
into a substance which has the composition C®liI‘‘CBN- or C’H^CBN- ; crystallises in 
pale-red needles ; is insoluble in water and in cold hydrochloric acid, but dissolves 
freely in alcohol, benzene, ether, and glacial acetic acid ; and is converted by nitric 
acid into tetrachloroquinone (chloranil), which is likewise produced by passing 
chlorine into a solution of-paraphenylene-diamine in glacial acetic acid. 

Hydrobromic acid appears to act on dichlorodiimidobenzene similarly to hydro 
chloric acid. 

Dichlorodiimidobenzene, dissolved in glacial acetic acid and treated with bromine 
and water, is converted into dichlorodibromoqninone, C®CPBr^O*, which sepa- 
rates in rhombic plates : 

C^H^Cra- + 2Br2 -t- 2WO = 2NH<Br -f C-CPBr^O* 

(A. Krause, Her. xii. 47). 

I)inifro-p~pkenylfimdia7nvm, C®H"(N02)*(NH'^)*. — Biedermann a, Ledoux obtained 
a body of this composition by heating diaccto-p-phonylenccliamine with alcoholic 
ammonia: it crystalli.sed in red needles melting at 294° (p. 210). Another modiflc;i- 
tion (distinguished as i3), fir.s: ol»serve<l by Clomni (J. pr. Chem. [2], i. 145), is pro- 
duced by heating [1 : 2 ' t : 6] trinit raniliiie (picramide, p. 198) with alcoholic 
ammonium sulphide at 13U^. It crystallises in long slender red needles melting at 
210°. It unites with hydrochloric acid, forming the compound C*lI“N^O^.IICI, which 
however is decomposed by water. By the action of acetyl chloride it is converted 
into the C*H\CHi=*0)*N’0\ which crystallises in slender bright 

yellow needles melting at 245^ (Norton a. Elliott, Bcr. xi. 327). 

Diuethylpauaphentlenediamzxe, = NlP.C“lIbN(CH-7‘‘ 

[NH* : N(CH®)*~- 1 : 4]. This base is prepared by the action of tin and hydrochloric 
acid on uitrosodimcthylaniline (p. 1309), (iSchraubo, Ber. viii. 616 ; Wurster, ibid. 
xii. 622), or on tetramethyldiamidazoxybenzone (Schraube) ; also by .similar ro(hictif)ii 
of nitrodimcthybinilino (A. Weber, ibid, x. 760). To obtain the pure ba.so, Wur.«ter 
gradually adds the tin salt, which is the immediate product of tlio rcjiction, to an 
excess of warm soda-ley, wlicroupoii the base separates fis a brown oil which may be 
dried over calcium chloride and distilled, the dfe'tillato on cooling deposit ing the base 
in crystals, which may be pressed between paper and dissolved in a small quantity of 
warm benzene. On cautiously adding warm petroleum ether to this .solution, an oil 
separates out containing all the impurities, and on .subsequently adding cold petroleum- 
ether, the pure dimethyl-plienylenediamino separates in long white needles resembling 
asbestos. 

Dimethylparaphenylencdiamino melts at 41° and boils at 257^. When pure it 
does not change on expo.sure to the air, but the impure base turns red or violet. It 
dis.solves freely in water, alcohol, benzene, and chloroform, but is less soluble in ether 
and in light petroleum. 

When a 10 per cent., solution of bromine in glacial acetic acid is added to a some- 
what more dilute solution of dimethylparaphcnylencdiamine in the sfimo solvent, a 
green substance is precipitated, which has the composition C'*ll”N''*Br. The precipi- 
tate must be thoroughly washed with gl.'^cial acetic acid and with anhydrous other, 
and may be rapidly rocrystalliscd from hot alcohol, from which it is deposited in 
green scales, having a metallic lustre and melting at 146°. The aqueous find alcoholic 
solutions of this substance exhibit a deep red colour, which is destroyed by exposure 
to the air or by the addition of sulphurous acid (Wurster a. Sendtner, Ber. xii. 1803). 
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AceiyUdimethyl-paraphcnyleTiediaminej (CH®)=N.C®II^.NI1(C2H®0), prepared l>y 
treating the base with acetic anhydride at oi^inary temperatures, or boiling it with 
glacial acetic acid, crystallises in white needles or plates, melts at 130®, boils with 
slight decomposition at 356®, and dissolves in benzene, alcohol, and hot water 
(Wurster). 

Dimethylparaphcnylenediamine-oxamic acidf 

CIOH12N20® = (CIl«)*N.C«H®.NH.CO.COOr 

The ethylic ether of this acid is obtained, together with diparamido-dimethylphenyl- 
oxamido, by heating 1 mol. dimethylparaphenylenediamine with ratlnsr more than 
1 mol. ethyl oxalate, treating the product with ether to remove the excess of ethyl 
oxalate, and digesting the residue in warm alcohol, which dissolves out the oxarnic 
ether, and leaves the phenyl-oxamide. 

The acid, crystallises in grey needles or plates which dissolve freely in 

boiling water, but only sparingly in boiling alcohol, and melt with decomposition at 
192° ethylic ether crystallises in yellow needles or plates, melts at 117®, dis- 

solves in hot water and hot alcohol, also in acids, forming crystalline salts. On adding 
alcoholic ammonia to an alcoholic solution of this ether, inontparcwiuln-dimcthylpJienyl- 
oxamide, (ClP)‘iV.G*Il\NIT.CO.CONir-, crystallises out. This substance melts at 
257®- 259°, dissolves in hot benzene, and unites with acids forming crystalline salts 
soluble in hot water (Sendtner, Her. xii. 630). 

Dipammidmlimethylphcnyl-oxamidet [GONlI.C®ll‘.N(CH*)*p, forms a yellow 
crystalline powder which docs not melt when heated to 270®. It is soluble in boil- 
ing benzene and chloroform. Its salts dissolve readily in water. 

When a solution of ethylic diniothylpnraphcnylencdiMmino-oxainato in dilute 
hydrochloric acid is 1r(.‘ated with sodiiun nitrile^ a yellowish-red nitro-product, 
(GI^’)■'N.G'*]P(N02).NH.G().G00G‘‘'ll^ collects on the surface. This .substnnee, when 
rccrystallised from acetic ncid, forms red needles melting at 152®, freely soluble in 
benz(!rie, less soluble in other and in boiling water. On reduction with tin and 
hydrochloric acid, it yields oxalic acid and dim etliyltriarn ido bon zone, 
C®.N(CE®)'-.]f.NI{-.NH*.H‘“, which crystallises in colourless prisms melting at 42°- 
44®, boils at 298®, dissolves in w’ater and in polrolcum-ethor, and forms nu acelyl- 
derivativo crystallising from water in transparent prisms or plates which contain 
1 mol. n*0, and begin to melt at 82®, resolidify at 120®, and then melt at 153°. 
From b(!nzeno anhydrous crystals are obtained which melt at 163® (Wurster a. 
Sendtner, Tier. xii. 1804). 

Dimethylparaphenylcnediamine-carhamides. — The dicarhamide, 
CO[NH.G®H^N(ClP)'^]‘, is formed by heating 1 pt. of urea with 4 pts. of dimcthyl- 
paraphcnylenediarnine at 130®-! 50®*for three hours. The crude product is washed 
with alcohol, and piirificMl by coiiver.sion into the sulphate. The dicarbamide crystal- 
lises in long needles soluble in boiling acetone. It melts with decomposition at 262°. 
The sulphate, C'M^*'■^N^O.H'•SO^ is sparingly soluble in water; the hydrochloride, 
G>'H“N<0.2HG1, is very soluble. 

The mono carbamide, NIP.CO.NIT.C®n^N(ClP)2, obtainM by mixing solutions 
of potassium cyanate and diinethylparaphonylencdiamine, forms largo white needle- 
shaped crystals (melting at 179°), soluble in boiling water. The sulphate and 
hydrochloride arc easily soluble (F. Binder, Bcr. xii. 536). 

The thiodicarbamide, GH[Nir.G®IP.N(CH»)‘]-, obtained by boiling tlie diamine 
with carlxin bisulphide, is a white crystalline powder, molting at 186’5°, soluble in hot 
benzene and hot alcohol. The hydrochloride, C»BI-‘X'S.2HC1, is a white powder 
soluble in alcohol. The acctyl-dcrivaiive, obtained by lieating the thiocarbamide with 
acetic anhydride on the water-bath and then adding alcohol, crystallises on cooling in 
white nacreous laminae melting at 71° (A, Baur, Bvr. xii. 533). 

Sulphuretted Colouring Matters derived from Dimethylparaphenylenediamine (A. 
Koch, Her. xii. 692-595).— The blue colouring matter formed by treating dimethyl- 
paraphenylonedi amine first with sulphuretted hydrogen and then w'ith ferric chloride 
(p. 211) may bo precipitated by zinc chloride, and purified by dissolving it in water 
and reprecipitating with zinc chloride. When hydrochloric acid is added to an 
aqueous solution of this blue compound, dark blue plates having a strong metallic 
lustre slowly separate out. Those crystals, after drying at 110°, have the composition 
Qie|{i8ji4a i£ci^ ^ith 1.1 to 4 mol. H*0. This compound is soluble in water and 
alcohol ; it is bleached by reducing agents, and precipitated by potassium dichromatc, 
zinc chloride, and mercuric chloride. When sulpliiirottcd hydrogen is passed through 
its ammoniacal solution, a yellow precipitate is formed, which turns green on exposure 
to the air. 
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On evaporating the liquid from which the original blue colouring matter has been 
precipitated by zinc chloride, bronze-coloured needles separate out, having the com- 
position C‘*H*“N^.S^2HCl.ZnCl*+2H20. This substance is sv)lublo in water and 
alcohol. It is precipitated by mercuric chloride, and bleached by alkalis. 

The formation of the original blue compound is represented by the equation 
2C8H>=*N*+II‘S + 0»=C‘«H»«N^S + 4H=*0, and that of the bronze-compound by the 
equation 2C“.ir=X‘‘ + 411=8 + O' = C'«H»‘‘N^S< + 711*0 (A. Koch, Ber. xii. 692). 

Tetrambthtlparapiiknylene-diaminm, (CIT®)‘-N.C®Il^N(Cn*)*, which 
Hofmann obtained, together with other products, by the action of methyl iodide on 
the dimcthylated base (iv. 481) is also produced by healing a mixture of dimethyl- 
paraphenjlene-diamino with methyl alcohol and hydrocliloric acid in scaled tubes, 
first at 180°, afterwards at 200°. On adding soda to the crude product, an oil 
separates out, which, when purified by distillation and crystallisation from dilute 
alcohol, deposits tetramcthyl-paraphenylene-diaraino in white plates. This base melts 
at 51°, and boils without decomposition at 260° ; dissolves in hot water and the 
other ordinary solvents. Oxidising agents colour its solutions deep blue. The 
hydrochloride, sulphate, and platinochlorido dissolve readily in water (Wurster, Ber. 
xii. 626). 

By the action of bromine on a solution of tetramcthylpavaplienylcnediamiiie in 
acetic acid, an unstable blue compound, is formed, which may bo obtained in 

the form of a microscopic crystalline precipitate by adding ether to the mixture ; its 
solution in water and in alcohol has a deep blue colour, which is destroyed by 
sulphurous acid. The substance can also bo obtained as ferrocyaiiido, by adding 
potassium ferricyanide to tetramethylphenylenediamine sulphate, G'®I1’®N= + 
H*Fe=Cy*= = C'®n'‘N*.lP.FeCy® t-lHFoCy®. The ferrocyanido forms blue needle- 
shaped crystals, having a metallic lustre. 

By the action of sodium nitrite on tetramethylparaphenyloncdiamino, trimethyl- 
phenylenediaminenitrosuininc is obtained, and a blue colouring matter is produced, 
which, however, has not been isolated. The nitrosiunino crystallises in greenish- 
yellow plates (m. p. 98 ), soliildo in benzene, chloroform, ether, and hot water. On 
reduction with tin and hydrochloric acid, it yields trimethylparaphenylenediainine, 
N(CH*)=.C®H*.NI1(CH®), an oily liquid (b. p. 266°), sparingly soluble in water. The 
acetyl-derivative crystallises in hydrated prisms molting at 78°. The anhydrous 
crystals melt at 95°. 

When an excess of sodium nitrite is added to an acid solution of 
tetramethylparaphenylencdiaraine, nitrotrimthyl'paraphenylcnediaminc-nitrasamine, 
N(CH®)*.G"lP[N(CIl^,NO)(NO“)], separates out in orange- coloured needles melting 
at 87°, solublo ill benzeno and chloroform, but insoluble in water. On reduction 
with tin and hydrochloric acid, this compound yicld.s irmcihjfliriamidohcnzme^ 
N(Cn*)=.C®H®[NIJ(CH®)],NH*, M'hich crystjillises in white needlc-s, molts at 90°, 
boils at 294°, and dissolves in water. Its diacotyl-derivativo crystallises in white 
plates melting at 184° (Wurster a. Schobig, Ber. xii. 1807). 

The formation of the red and blue colouring matters obtained by the action of 
oxidising agents on di- and tetramethylparaphenylenediamiiie respectively may bo 
represented, according to Wurster {Ber. xii. 1803) by tho following equations ; 

H’'N.C'IC.N(CH«)* + Br* = IIBr + (CH»)N<'^"?,SnH% 

Dljn(!thyI)Mr.v \ OB 

pLcnylenediaioine. . ' 

(OH')»N.C*H*.N(CH»)* + Br» = (Cn*)N<®*i,SN(CH»)»Br + HBr 

Tetrainethyl- 

p-phenylencdiamine 

Disuccinyl-paraphenylenediamink, « C«H^(N.C*0=.C*Hy 

(R. Biedermann, Ber. ix. 1668). This compound is obtained by heating a mixture of 
paraphenylenediamine and succinic acid at 200° for about half an hour: 

C®H<(NH*)* + 2C*H\COOII)* = 4H*0 + C®H®(N.C*0*C*H*)* 

On boiling the fused mass with water, the succinyl-derivativo remains a.s a substance 
slightly soluble in hot glacial acetic acid, and separating from this solution on cooling 
in small shining crystals. Tho best solvent for rccrystallising it is fuming nitric 
acid. 

Disuccinylphenylonediamine melts at a temperature above tho range of' tho 
mercuriar thermometer, and maybe sublimed from a red-hot platinum crucible in 
white shining needles. It docs not unite either with bases or with acids. By boiling 
with potosh-ley, it is resolved into phenylenediamine and succinic acid. By a mixture 
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of strong nitric acid and strong sulphuric acid or phosphoric anhydride, it is converted 
into a yollow nitro-compound. 

An action similar to that of snccinie acid is exerted upon paraphenylenedi amine 
by succinic anhydride and succinyl chloride. Phthalic anhydride and hydroxy-acids, 
salicylic acid, lor example, appear also to act in like manner on para- and meta- 
ph enylen ediami ne. 

PBSXTTXiESrs-RETOXirzc COIIKPOUirES (Gabriel a. Michael, Ber. x. 
1559, 2199). Etlilneortlioptaenylenediketone or Etblnedlplitlialyli 

is formed by heating a mixture of phthalic anhydride and succinic acid with sodium 
acetate, the mixture being kept in a state of fusion as long as carbon dioxide continues 
to escape : 

2C«H<0* + C^lPO^ = + 200* + 2H*0. 

On dissolving the residue in nitrobenzene, the dikotone crystallises out in yellow 
needles melting at a tomperaturo above 300®. When a solution of this compound in 
acetic ticid is heated with bromine at 100® in a scaled tube, a molecule of water is 
taken up, and two of the hydrogen-atoms aro replaced by bromine, producing the 
compound * 

C«H^<CO-CBr=-Cn<«g>C-H< ' 

which is decomposed by fusion with alkalis. 

Phenylene - etbyleneketone • carboxylic, or Etbylene - benzoylcarb- 
oxyllo acid. 


(Gabriel a. Michael, Bcr. x. 2199). This acid is formed by the action of boiling dilute 
potash-ley on ethiiie-diplithalyl, C*’*H*®0*, and is precipitated from the resulting 
solution by hydrochloric acid : 



WIkmi fused, it gives off 1 mol. water and yields an anhydride which melts at 228°- 
230'’. Heated to 1G3’ in a scaled tube with hydrogen iodide and red phosphorus, it 
exchanges 0* for 2H‘, and is converted into ethyleno-bonzylcarboxylic acid: 


^ \COOH IIOOC>^ ^ 


molting at 19(j°-198®. converts it into dibromotliylenobenzoyl-car- 

boxylic acid, C''*lP*13r'*0®, which crystallises in long white prisms and melts at 
270®-272'’’. IJy sodium-amalgmiy cthylent?bcnzoylcarhoxylic acid is converted into 
the iinliydrido of ethylcnobenzhydrylcarboxylic acid : 



which forms long needles having a silky lustre and melting at 208°-210°. 

PBEEYEEWE-OXAMXC ikCZD, NH*.C®H«.NH.C*0*.0H [1 : 3]. See 

OxAMic Acids (p. 1457). 

PBEXTE-ETKER, 8UEPBOPKOSPREXYEZC. See Thiophosfhentlic 
Ktuers. 

PBEXYE-ETBYE AECOBOES AXD ETBEBS. Primary Phenyl- 
ethyl Alcohol^ C®H®.CH*.CIPOH, is formed by the action of sodium-amalgam 
(2 p. c. Na) on an alcoholic solution of phenylacetaidohyde, C®H*.CH*.COH (prepared 
by distilling a mixture of the calcium salts of phenylacetic and formic acids) the 
liquid being neutralised from time to time with sulphuric acid. It is a colourless 
liquid having a sp. gr. of 1-0337 at 21°, ooiling without decomposition at. 212°, 
and oxidised by chromic acid mixture to phenylacetic acid. ^ The acetate, 
C®JP.CII*.CIP.O(C*II®0), obtained by heating the alcohol witli acetic anhydride at 
150®, is a colourless liquid having a strong but agreeable odour, a sp. gr. of 1'0286, 
and boiling without decomposition at 224®. Treated with aqueous potash and a 
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small quantity of alcohol, it yields potassium acetato and phenylethyl alcohol 
(Badzisze^rski, hvr. ix. 372). 

Secondary Phenyl-ethyl Alcohol or Acctophenonic Alcohol^ 
C*H*.CHOiI.Cil* (b. p. 202°-203®), formed by the action of sodium-amalgam on a 
dilute alcoholic solution of phcnyl-mothyl ketone, has been already described (vii. 936). 

Radziszewski (Ber. vii. 140) prepares it by dissolving the corresponding bromide 
{infra) in twice its volume of glacial acetic aciil, and mixing it with twice the quantity 
of dry silver acetate. The mixture becomes hot, and yields — together with silver 
bromide and a small quantity of cinnamene-— secondary phenyl-ethyl acetate, which 
may be dissolved out from tlio silver bromide by prolonged washing with glacial 
acetic acid. This ether, warmed with aqueous soda-ley containing a little alcohol, 
yields secondary phenyl-ethyl alcohol boiling constantly at 202°-204°, and converted 
by oxidation into phenyl-methyl ketone. 

Secondary Phenyl-ethyl Bromide or Brennethyl-henzene, C®n\CIlBr.CH* (v. 1067; 

vi. 292), is obtained : 1. By the action of bromine on ethylbenzene at 140°, and may 
bo purified by washing, drying, and cooling in a freezing mixture, whereupon the 
styryl bromide, C*lP.CHBr.CH-Br, formed at the same time, crystallises out (Radzis- 
zewski. Ber. vi, 492; comp. Berthelot, Compf. rend. Ixvii. 328). 2. By passing 
hydrogen bromide into cooled secondary phenyl-ethyl alcohol, to which a small 
quantity of calcium chloride is added to take up water formed at the .same time. The 
protluct, freed from excess of hydrobromic acid by shaking with water, is a brown- 
yellow liquid which fumes and gradually becomes darker ou expt)sure to the air, and 
cannot bo distilled without considerable decomposition (Knglcr a. Bethge, Ber. 

vii. 1125). The acetate^ obtained from it by means of silver acetate, is converted 
by saponification into secondary phenyl-ethyl alcohol. The bromide, heated with an 
alcoholic solution of potassium cyanide, yields cinnamene, motaeinnamene, and — 
together with other products not yet examined — a small quantity of a nitril con- 
vertible by caustic potash into a liquid acid (liadziszewski, ibid. 140). A mixture of 
phenylethyl bromide and ethylbenzene heated with zinc-dust yields the hydrocarbon 

which when oxidised yields, as chief product, 

parabenzoylbonzoic acid, together with terophthalic, benzoic, and carbonic acids, 
and a ketonic compound, or C«H^C^*.CO.C«I^AC•H^ which 

crystallises from ether in rhombic prisms melting at 120°, and smelling like fungi 
and bergamot oil (Radziszewski, Ber, vi. 494, 811 ; vii. 142). 

PBEXrrXiliTBYXiSVXiPHOirZC ACZD, OTP.SO^TI. Cinnamene, C"!!", 
treated with acid sodium sulphite, yields crystals consisting of the sodium salt of a 
phenothylsulphonic acid ; but whether the acid thus produced contains primary or 
secondary phenyl-ethyl has not yet been ascertained (W. Miller, N. Rep. Pharm. 
xxiv. 1). 

PBEBTZh-FURFURAZZBE, C®}l*.N2H.C*iI<0. Sco Htdrazinks (p. 1054). 

PBEBTZi-GETCBRTXi AZiCOBOZi or PBEBYZi-GEYCEROZi, -0® = 

C*IP(C®}P)(01l)®, and ETBERS (Qrimaux, Bull. Sou. Chim. [2], xx. 48). When 
bromine (1 mol.) dissolved in chloroform is aflded by drops, so as to avoid heating, to 
a chloroform solution of cinnyl alcohol, styryl alcohol, or styrone, C®H®.OH (i. 992 ; 
V. 447), and the liquid is then left to evaporate, phenyl-glyceryl-dibrom- 
hydrin, styceryl-bromhydrin, or sty^rono dibromide, C^lPBr'-.Oll or 
C®IP.CIIBr.CIJBr.CII*OH, .separates out as hard cry’stallino mass, which, -when 

E urified by pressure and slow cr3"8tallis;ition from ether, forms broad white shining 
iminae or groups of slender needles. It melts at 74°, is insolublo in water, but dis- 
solves readily in alcohol and ether. 

Phenyl-glycerol, Phenoglycorin,orStycorin,C®H*.CHOH.CIIOH.CH201T, 
is formed, together with small quantities of other products, by boiling this dibrom- 
hydrin with water for twenty-four hours. The formation of the secondary products 
may be avoided by conducting the saponification in presence of silver acetfito, so as to 
remove hydrobromic acid as fast as it is formed, then filtering, treating the filtrate 
with hydrogen sulphide, again filtering, concentrating the filtrate, and finally leaving 
it to evaporate in a vacuum. The phenyl-glycerol thus obtained is a gummy, light- 
yellow, bitter substance, easily soluble in water and alcohol, nearly insoluble in ether. 
It does not appear to alter in contact with the air, but its solution becomes brownish 
during evaporation. It decomposes when distilled. By distillation with formic acid, 
it yields carbon dioxide, water, and a thick oil (perhaps diphenyl-diallyl), boiling at 
about 300°. 

Phenyl - glyceryloGeiodihromohydrin or Styceryl - aceiod'dnromohydrint 
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C®H*.CHBr.CIIBr.OH'''(OG‘*H*0), obtained by heating styceryl dibromhydrin with 
acetyl chloride, evaporating the product over the water-bath, and crystallising it 
from ether, forms oblique prisms having a pleasant odour of flowers, soluble in 
alcohol and ether, molting at Heated for twenty-four hours at 100° with 

silver acetate and glacial acetic acid, it yields, together with silver bromide, an 
amorphous body soluble in ether, which appears to bo the corresponding iriacetin. 

VhenyUglyccryl-irihromhydrin or Siyeeryl-tnhromhydriny C®H®.CH Br.ClI Br.CH'-Br, 
is formed on repeatedly distilling the dibromhydrin with strong hydrobromic acid, 
and passes over into the receiver ; also on adding bromine to a solution of styryl 
bromido in chloroform. It crystjillisos in small shining needles, molts at 124°, 
dissolves sparingly in alcohol and etlier, more readily in ctiioroform. 

The cUorodihromhydrin, C“H\CriBr.CHBr.CH=*Cl, is obtained by adding bromine 
to styryl chloride, CHP.ClIi=CiI.CH'*Cl (v. 447), and crystallises from ether in 
translucent laminae, moderately soluble in cliloroform, sparingly in cold ether, and 
melting at 96-6°. 

CH2.NH(C«H®) 

PHEMirii-GliVCOClN'B, C*JPNO- =! | This compound, which 

COOH 

Michaelson a. Lippmann obtained by the action of aniline on bromacetic acid (vi. 644), 
is also produced from aniline ehloracetate by prolonged heating with waiter and 
aniline (Scliwabol, Her. x. 2045), and apparently when phenylamidacctonitril, 
NC.OJr^.NiI(C®ll*), is heated with strong potash-ley (Knglor, Bcr. vi. 1004). 

Phony 1-glycocino melts at 126°-127°, and when heated to 140°- 160°, gives off 

CH\ 

1 mol. water, and is converted into the indifferent compound | \N(C®H®) (P. J, 

Meyer, Her. viii. 1152). 

Phenyl-glycoeino dissolves recently precipitated cupric hydrate wdth deep green 
colour ; tlie oxides of silver and mercury are not dissolved by it. With mercuric 
chloride and stanmus chloride it forms white precipitates (Sclnvebel, Ber, x. 2046). 
Heated with excess of aniline, it yields needle-shaped di phony loxo thy lene- 
carbamide, melting at 110°-111°, together with small quantities of cthylic 
phenyl am idoglycollate, C1P.NH(C®1I-’) — COOC*JP, melting at 57°-58°. 
Mothylic phony lamidoglycollate, C1P.N11(C®1P) - GOOCH®, formed in like 
manner, crystallises in needles or prisms melting at 48° (Moyer). 

Phcnylamidoglycollamide, GH'.NIT{G®n®).CONH^ molting at 133°, is 
formed by heating nioiiochloracotamido and aniline in molecular proportions, till the 
former melts. IdienylamidoglycoUaniUdef CIP.Nn(C®H^).CONH(C®H‘^), produced in 
like manner from monochloracetanilido and aniline, melts at 110°--111°; 2 ^henyl- 
aniidoylyeollotofiiididc crystallises in needles melting at 171°-172° (Meyer). 

Phciiyl-glycocine, heated with /m;«to 155°, is converted into phonyl-hydantoi'n 
(p. 1046); and the same conversion is effected by heating it to 40° in aqueous solution 
with potassium cyanatc and ammonium sulphate (Schwebel). 

PKBNYli-GEYCOX., C81P®02 = C»IP(OH)®--= G«H\CHOH.Cn-OH. PhenyU 
cthylmc Alcohol, Styrolcne Alcohol, Cinnamene Alcohol. diatomic alcohol is 

prepared from styrolcne dibromide, C^H^.GHBr.CH-'Br, by means of silver nitrate or 
potassium acetate in acetic acid solution, or with potassium acetate or silver benzoate 
in alcoholic solution, and subsi qucnt saponification of the corresponding ethers. It is 
very soluble in water, alcohol, ether, benzene, and glacial acetic acid, and is best 
purified by crystallisation from a mixture of benzene and ligroi’n, in which latter it is 
but sparingly soluble. It melts at 67°-68°, and can be sublimed. The diacetate, 
C®IP.CH(OC®IPO).ClP(OCHPO), prepared from the glycol by the action of acetic 
cliloride or anhydride, is an oily liquid having a very faint aromatic odour ; the 
dihenzoate, prepared in like manner, crystallises in slender, white, scentless needles, 
melting at 96°-97° (Wachendorff a. Zincke, Ber, x. 1004). 

Products of Oxidation of Phenyl-olycol, (HunSus a. Zincke, Btr. x. 1486). 
By chromic acid and jwtassiuni ‘permanganate, phenyl-glycol is converted into benz- 
aldehyde, together with formic or carbonic juud ; by nitric acid, on the other hand, 
first into benzoyl-carbi nol and then into benzoyl-formic acid. With nitric 
acid of sp. gr. 1-35-1 *38, the reaction takes place at ordinary temperatures, and on its 
completion, which for the preparation of bcnzoyl-carbinol takes place in a com- 
paratively short time, the crude product is purified by treatment with sodium 
carbonate and the carbinol is extracted with ether. 

(1). Benzoyl-carhinol, C® I P.CO.CH^OH, crystallises from alcohol or ether in 
six-sided plates, from water or dilute alcohol in shining hydrated lamin®, from 
ligroin in prisms. The hydrated crystals melt between 73° and 74° ; the anhydrous 
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crystals between 86'6° and 86° ; they are partly decomposed by volatilisation, and 
form crystalline compounds with alkaline bisulphites. On ammoniacal silver solu- 
tion and alkaline copper solution, benzoyl carbinol exerts a strong reducing action, 
attended with precipitation of metallic silver and cuprous oxide respectively. The 
acetate, C'‘JI^C0.Cil‘*.0C‘ll*0, prepared by the action of acetic anhydride on the 
alcohol, or l>y the action of potassium acetjite and etliyl alcohol on bromacetophenono 
(p. 1150), crystallises from ligvoin in colourless shining rhombic tablets, melling 
at 49''‘-49 5 ', easily soluble in alcohol, otlier, and chloroform. The htnzoaU^ 
C“H^C().C1I*.0C'11''0, obtained in like manner with benzoic anhydride, crystallises 
from hot dilute alcohol in small tablets, melts at 11 7°--117’5°, and dissolves readily 
in ether, chloroform, and benzene. The same benzoic other is obtained from broni- 
acetophenone, C®ll®.CO.CH*Br (p. 1150), by means of silver benzoate and toluene. 

(2). Benzoyl-formic acid, C*H^CO.COOJl, prepared as above described, forms 
a harium salt, (C*H*.CO.CO*)‘Jla, crystallising in prismatic laminx. The silver salt, 
C^ll*.CO.COC)Ag, crystallises from water in small flat needles or acuminated tablets. 
The same acid appears to be formed by the action of nitric acid on mandelic acid, 
C-Hs.CHOH.COqi. 

PBfiirnGXiTOXAXiXC and PHSBOXTUC ACXDS. These are two 
isomeric acids obtained by the action of acids on benzoyl cyanide, and represented 
by the formula C‘'H*.CO.COOH. 

Phenylglyoxalic acid, discovered by Chaisen {Bcr. x. 429, 844, 1663), is pro- 
duced by treating benzoyl cyanide at ordinary temperatures with twice its weight of 
hydrochloric acid (sp. gr. 1*19). The cyanide then gradually dissolves, with forma- 
tion of the amide of phenyl-glyoxalic acid, and afterwards sal-ammoniac and oily 
phenyl-glyoxalic acid separate out : 

C«H*.CO.CN + H^O == C«il*.CO.CO.Nn*, 

and 

CW.CO.CO.NH2 + H^O + HCl - NH*C1 + CW.CO.COOH. 

The latter is taken up by etlicr, and purified, after expulsion of th(} etlicr, by dis- 
solving it in potassium carbonate, shaking the solution witli ether (which takes up 
any undccompofce<l amide that may still bo present), then acidulating and again 
extracting with ether, which leaves tho acid as an oil, solidifying in the exsiccator to 
colourless prismatic crysftds. After further purifiwitioii through the medium of the 
potassium or silver salt, it melts at 65°-66°. At a higher ti niperaturo it is resolved 
for the most part into benzoic acid and carbon monoxide, a smaller portion being at 
the same time resolved into benzoic Jildehyde and carbon dioxide. It is extremely 
soluble in water. Its et hylic ether, obtiiined by passing hydrogen chloride into the 
alcoholic solution of the acid, is a fragrant liquid, insoluble in w'ater, and boiling at 
25()°-25o° under ordinary pressure, at 143°-143*5° under a pressure of 29 mm. 
Alcoholic potash instantly converts it into the potassium salt, which crys- 

tallises from hot alcohol in slender, flat, concentrically groupc-d prisms. The silver 
salt, C"H*0*Ag, obtained by precipitation, crystallises from hot water, with slight 
decomposition, in small plates. 

Tho acid is reduced by sodium-amalgam to mandelic acid, C''ir*.OHOIT.COO]T, 
and by hydriodic acid and phosphorus to a-toluic (phenyl-acetic) acid; these reactions 
establish its constitution. 

Phenyl-glyoxamide, C®H\CO,CO.NH*. Of this compound there are three 
modifications. The a-amide is obtained from the above-mentioned solution by pre- 
cipitation with water, as a white powder, or by agitation wit h ether and slow evaporation, 
in prismatic crystals which mjiy be purified Ijy rocrystallisation from carbon sulphide. 
It then melts at 90°-91°, dissolves easily in ether, alcohol, benzene, and chloroform, 
slowly in water, and has a sharp and slightly bitter taste. It dissolves easily in 
dilute alkalis, and carbon cjioxide throw's down from tho solution a crystalline pre- 
cipitate consisting of the fi-amide, which melts at 64°-65°, and dissolves sparingly in 
cold water, scarcely at all in ether, easily in alcohol. Tho y-amidc is precipitated on 
dropping the o-amide into excess of dilute hydrochloric acid, as a white powder, 
melting at 130°, nearly insoluble in ether, benzene, find chloroform ; easily fioluMe in 
alcohol, and crystallising from the latter in tufts of slender prisms, from hot water in 
small four-sided plates. On passing carbon dioxide into its alkaline solution, the 
/3-amide is produced. The /3- and 7-am!de8 dissolve in strong sulphuric acid with 
deep yellow colour. All tho three amides, when heated with alkalis as long as 
ammonia is thereby evolved, and then acidulated, are reconverted into the original 
phenyl-glyoxalic acid. 

Phenoxylic aoid, discovered by Hubnor a. Buchka (Ber, x. 479), is obtained 
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by boating benzoyl cyanide to 140° in sealed tubes with glacial acetic acid saturated 
with dry hydropn chloride. The first product of the reaction is the compound 
(C®JP.C0.CNH)*0, which separates, on diluting the contents of the tube, as a yellow- 
brown powder, and may bo crystallised from alc()hol or acetic acid. By boiling with 
water, or more quickly with alkalis or acids, it is converted into phenoxylic acid, 
which melts at 111°, forms a barium scUt, (C®Il*.CO.COO)‘‘*Ba, crystallising in tablets, 
and with lead acetate, small white needles of the lead sail, (C“iI*.OO.COO)'‘'Pb + 
which gives off its water at 200°. 

PHBXm-BTDAZrTOXN, C®ll‘‘NO». See Hydantoin (p. 1046). 

PSaXTYB-HYDBAZlirs, C«mNH.Nm See Hydrazines (pp. 1048-1067). 

PBENYUMXDOGHBORACSTXC BTBSB, C«lP.N:r:CCl— COOC^H^ See 
OxAMic Ethers (p. 14 67). 

PBEBYZiXSOBUTABE, C“H».CH*.CH(CIP)*, is formed by the action of 
sodium on benzyl chloride and isopropyl iodide mixed with other (Kohler a. Aronheim, 
Ber. viii. 508). 

PBEBYE-BETOBES. See pp. 1149- 1156. On Pitenylchloromethyl 
ketone or Chloracetophenone, C‘*H*.CO.CH*Cl, the following observations have 
been iiiado ])y Dyckerhoff {Ber. ix. 1216 ; x. 119, 531). By treatment with potassium 
thiocyanate, the ketone is converted into phonyl-thioeyanomethyl ketone or 
ihiocyanacetophouono, 0"H“.CO.CTT‘“SCN, which separates in lino crystals melt- 
ing at 72°-73°. Crystalline compounds are also formed by treating chloracetophenone 
with cyaui«lo or cyauato of potassium. 

Thiocyanacetoplionone, boiled with tin and hydrochlt)ric acid, is converted, with 
simultaneous emission of a .strong oilour of mercaptan, into an isomeric compound 
which forms slender needles sparingly soluble.in all solvents, and melting at 203°- 
204°. The same body is formed by boiling the thioeyano-eoinpound with hydrochloric 
acid. It dissolves in alkali.s, and is larprccipitated by acids. The thiocyano-derivative 
is quickly oxidised ]»y dilute nitric acid to carbonic, benzoic, and sulphuric acids. 

Chloracetophenone is converted hy phosphorus pcntachloride, wdth separation of 
hydrochloric acid, into o-i3-dichlorostyrolene, C®I1‘\CC1::::: CllCl, according to the 
equation : 

c*H\co.(jn-ci + pcp - roci* + cw.ccr-’.cii^ci 

C"H^CCr-.CH-^Cl « HCl + C«U».CC1=:CHC1 

If an excess of chlorine be used in the preparation of chloracetophenone, the chief 
product obtained is the dichloride, C“H®OCP = C"ll®.CO.CnCP, w’hich boils betw’oen 
260° and 266°. If the passage of the chlorine be further continued, a thick black 
greasy mass is obtained, yielding by distillation nothing hut benzoyl chloride and 
less chlorinated products of higher boiling point (Dyckerhoff). 

Acetophenone-ortlio-carboxyllc Acid, C“IPO» = 

Gabriel, Ber. x. 1555, 2199 ; xi. 1007). This acid is formed from benzoyl- aceto- 
(ortho-) carboxylic acid, C*"IPO'’, by boiling the latter in aqueous or alkaline solution, 
or by keeping it for some time in a state, of fusion: C*"IP()^= C”IPO* + CO-; also by 
liojitiiig phthalylacctic acid {q.v.) with water at 200° : G>"iPO* -t- II-O ^ -p CO'-*. 

It forms crystals having a vitreous lustre, a sweet taste, and melting at 114°. Its 
salts show but little tendency to C’*vstalliso. 

When acetophoiioncear boxy lie acid is treated "with sodiim-amalgam (1^ p. c. Na), 
and the resulting solution is treated wdth hydrochloric acid, an oil is precipitated 
which distils over with vapour of water, and may bo separated by agitation with 
other. This oil solidifies below 0°, and molts at the heat of the hand. Its composition 
is represented by the formula 

.Cll-CIP 
' — >0 

It is not dissolved by ammonia or by cold potash or soda-ley ; it dissolves, however, 
in baryta-water, and silver nitrate added to the solution throws down slender crystals 

of the salt, . Stronger reducing agents, such as red phosphorus 

and hydriodic acid, convert acotophononecarboxylic acid into ethylbenzoic acid, 
(Michael a. Gabriel). 

7Vihr07nacetopJi€none-o-carhoxyUc acid, CBr*.CO.C®H^.COOII, formed by the action 
of bromine on a solution of phtlialylacetic acid in dilute acetic acid, melts at 169°- 
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160°, and is resolved by alkalis iuto piithalic acid and bromoform. The corresponding 
chlorinated acid melts at 144°. 

When, on the other hand, a mixture of bromine, glacial acetic acid, and aceto- 
phenone-carboxylic acid is heated in sealed tubes, bromomothylene-phthalyl, 

is formed, according to the equation, 

C«H«0» + Br2 = C^H’BrO- + ITBr + H^O. 

The contents of the tubes are heated on a water-bath to expel hydrobromic and acetic 
acids, and the residue is dissolved in hot alcohol. On evaporating the alcoholic 
solution, bromomethylenephthalyl crystallises out, and after diluting the mother- 
liquor with water, an oily liquid separates, which on boiling with water deposits a 
yellow crystalline mass which has the composition iiiells at 14o°-l-lG°, and 

begins to sublime at 100°. Urornomcthyleiiophthiilyl ilissolves easily in benzene, 
chloroform, carbon bisulphide, glacial acetic acid, and hot alcohol, and crystallises 
in long flexible needles melting at 132°-133°. 

PHEXTXi-XiACTZC ACID, C»n“>0»^C«lP.CU2.CH0U.C00II. On the 
formation of this acid by the action of water on hyilrobroniocinnaraic acid, see p. 600. 

PBEim-MBTBAVES. On DiriiEN-YL-MUTiiANE, CII-(C«1[^)2, sec vii. 947 ; 
viii. 682. On Thiphenyl-methaxe, vii. 048. 

PBSBTE-MBTBYZi-OXAMZBE, NH(CIP).CO.Nir(C‘^n'^). See Oxamide 
(p. 1458). 

PBEBYZi-OXAMETBABB, C«II».CO.NlI.COOC‘H\ See OxAMic I^tiiers 
(p. 1457). 

PBBBTXi-OXAZZDB. Syri. with Oxalyl - diphenylhyduazidk, 
(C''H\N=H2)2C“0’. See Hydrazines (p. 1053). 

PBEBTZi-OXYCBOTOB'ZC ACIB. Syn. with Cinxamomandkltc Acid, 
OnOH.COOH (p. 507). 

PBE»rTZi.PSRCBBORETBTBEBB, C»H^C1^ is formed, with evolution of 
hydrogen chloride, by distilling tetrachlorocinnamene, which latter is produced by the 
action of chlorine at ordinary temperatures bn o-^-diehloroeiimamene : 

(1) . C«H».CClz::CHCl + Cl'-' = C^fP-CCPCHCl® 

(2) . CW.CCl^CHCH - C«IP.CCl=iCCl'-‘ + HCl 

(DyckerhofF, Ber, x. 531). 

PBBBTB-PBOSPBZBES. See Phosphines. 

PBEBYXi-PROPZOirZC ACZB, C*n>»0* = Cir-(C«H^).CIP.COOII. Ili/dro- 
dntxanm acid (vi. 468).— This acid is formed by oxidising phenyl-propyl alcohol 
dissolved in glacial acetic acid with somewhat less than the theoretical quantity of 
chromic acid. Its calcium salt, (C”IF()')“Ca+ l,^H-0, cry.stallises in stellate groups of 
needles. The henzylic ctlic.r, G®II*0*.G11'‘*.C*1P, formcid by the action of sodium on 
benzyl acetate, has been already described (p. 1068). 'I'lio jjhcnyl’projiylic ether, 
C®H®0®.C®I1®(G“1I*), obfainoil by the action of sfxlium-arnalgam and water on sty racy! 
tetrabroniide, is a colourless mobile oil (W. v. Miller, Ber, ix. 274). 

Bhenyl-hromopropionic acid, G’lPBrO-, and the corresponding iodine~ 
(Ze riu a discovered by (j laser (vi. 417), are respectively identical with liydro- 
broruo- and hydriodo-cirinamic acid, but, according to P. Binder (Ber. x. 518), their 
reactions do not quite agree with those describe«l by Glaser. The brominated acid is 
resolved at 143° into hydrobromic and cinnamic acids, and at 150° in a stream of air, 
the decomposition is complete. The .same change takes [dace on l)oiling the brominated 
acid with water, but the greater part of it is converted into phenyl-lactic or phenyl- 
hydroxypropionic acid, G”H%Oir)0'^, which may bo advantageously prepared by this 
reaction. Phenyl-iodopropionic acid reacts with w’atcr in a similar manner, the 
greater part of it being, however, resolved into hydriodic and cinnamic acids. 

Phenyl-bromopropionic acid, treated with excess of dilute soda-ley, is immediately 
decomposed, with separation of cinnamcne, small quantities of cinnamic and phenyl- 
lactic acids being formed at the same time. Phenyl-iodopropionic acid is decomposed 
in the same manucr, excepting that it yields a larger proportion of cinnameoe (70 per 
cent, of the theoretical amount). Now, ifs phenyl-lactic acid has the constitution 
G*ii*.CH’‘*.CH(OH).COOH, and consequently phenyl-bromopropionic acid must be 
C*lI*.CIP.CHBr.COOH, the above- mentioned formation of cinnameno shows that this 
hydrocarbon is an unsaturated compound represented by the formula C®H“.CII®.CH 
(Binder). 
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Phenyl^ofpimiitrU, C*1I\CII*.CH2 CN, is the principal constituent of the volatile 
oil of water-cress (Hofmann, p. 584). 

PHSirr^-PROPn AXiCOKOK, = C«Hs.CmCH*CH*OH (Riig- 

heimer, Ber. vi. 214). This alcohol is obtained, together with a small quantity of 
allyl-bonzeno, by treating a warm aqueous solution of styryl alcohol, C®H'®0, 

with sodium-amalgam in a reflux apparatus heated in the water-bath, a^tating with 
ether, and submitting the product to fractional distillation. It is a viscid, colourless, 
strongly refracting liquid, having a density of 1*008 at 18°, boiling at 256° (uncorr.), 
and not solidifying at — 18°. It is only slightly soluble in water, but mixes in almost 
all proportions with alcohol, ether, and glacial acetic acid. When dissolved in a small 
quantity of the latter and oxidised with somewhat less than the calculated quantity 
of chromic acid, it is converted into phenyl-propionic acid. 

PJienyl-'propyl Acetate, C“II'*.0.C‘^ll®0, is formed, w’ith violent reaction, on mixing 
the alcohol with acetyl chloride. It is a slightly yellow, nearly scentless liquid, much 
more mobile than the alcohol, boiling at 244°-24o°, not solidifying at — 18°. The 
hensoate, prepared by heating the alcohol with benzoyl chloride, is a thick brownish 
liquid. phenyl-propionate, C‘'I1”.C®H®0''*, has been already described. 

Phcuyl-pTopyl Bromide, C“H“Br = ClI*.CH*Br, formed by passing 

bromine-vapour into normal propyl-benzene heated to 150°“160°, is resolved by boiling 
into hydrogen bromide and ally 1-benzene, (Radziszewski, Compt, rend, 

Ixxviii. 1163). 

Phenyl-propyl Ketones. See Ketones (p. 1162). 

PBERYXi-PROPYXiGXiirCOUZC ACZD, 

C'ai‘^0® = C«H®(C»H’).OHOH.COOH 

(A. Raab, Ber. viii, 592). This acid, homologous with mandelic acid (p. 1261), is 
prepared by heating an alcoholic solution of cumic aldehyde to 120°-! 30° for fifteen 
hours with hydrocyanic and hydrochloric acids : 

C*"H«0 + HCX + HCl -e 2H*0 = NH'Cl + 

The yield, however, is very small. The acid crysbillises in small white needles, 
which melt at 1 68°, dissolve with moderate facility in water, very readily in alcohol 
and ether. The barium (C"H’®0®)‘‘Ba + 4IPO, is moderately soluble in boiling 
water, and crystallises therefrom in small rhombic plates. silver salt, C**H’®0’Ag, 
separates from a mixture of the barium salt with silver nitrate in stellate groups of 
slender needles. The lead salt, (C“IJ '®0*)'‘'Pb, is a white nearly insoluble precipitate. 

PBBWYE - SEPKXCARBAZZDE, C®H®.NH1>.00.NH^. See Hydrazines 
(p. 1065). 

PBEIOYE-SUEPBAGETZC, -SUZiPBZB’ACETZC, and -BUEPBOB- 
ACETZe ACZDS. See Sulfualkylacbtic Acids. 

PBEBYE-SUEPBURZe ACZB, C®mO.SO®U. The potassium salt of this 
acid may bo formed synthetically by heating a concentrated aqueous solution of potas- 
sium phenate with potassium pyrosulphate : 

+ C“H>OK = C«H^O.SO»K + K=SO®. 

This salt is slightly soluble in cold, moderately soluble in hot alcohol, easily in water. 
When quickly heated to fusion and then dissolved in water, it gives a ruby-red colour 
with ferric chloride. It is decomposed by dilute hydrochloric acid, yielding phenol 
and sulphuric acid (K. Baumann, Ber. ix. 1716). 

Potassium phenyl-sulphate is found in the urine after the introduction of phenol into 
the organism, being formed by the action of the phenol on potassium sulphate present 
therein. Phenyl-sulphates occur also in the urine of the horse and other mammalia, 
their formation being especially promoted by vegetable diet (Baumann, Pfliigeids 
Archiv. f. PhysAologw, xii. 69 ; xiii. 285 ; Ber, ix. 64 ; Chem. Soc. J, xxix. 726 ; xxx, 
109, 212, 634). 

On Methyl-phenylsulphurio or Cresylsulphuric acid, C®IP(CH*).O.SO*H, seo p. 684. 

PBBBYE-TBZ0CARBAMZDE,HH‘.C8.NH(C®IP) See Cabbamides (Thio-), 
(p. 396). 

PBBBYE-TBZOCARBAZZBE. Seo Hyduazines (pp. 1055, 1056). 

PBEBYE-TBZOCARBZMZBE, CS=N— C®H®. On the reaction of this 
compound with aldehyde-ammonia, see p. 399. 
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PBBirT&-TOXiirBSl'a« On the decomposition of this hydrocarbon 

by Heat, see Barbier (p. 1065). 

PaBimi-(DZ-)TOZiTXi-CiillBAMZDE, N(0''Hiy^.CO.N(C«H^CH*). See 
Cahbamides (p. 391). 

PBBN'Tli-VBBTBAB'B, NH^. CO.OC‘‘n\ See Carbamates (p. 

PBBBYXi-Vil.BBRZG ACID, G"H»(C«H*)02. The benzylic ether of an acid 
haying this composition is obtained by the action of sodium on benzyl butyrate. 
This ether boils at 240°-260® ; the acid obtained from it molts at 78® (Conrad a. 
Hodgkinson, Her. x. 254). 

PBBBTZi-XTZiEZrB, C‘^n‘< = CW(CH*).CH2 C«H“, is formed by heating xylyl 
chloride, C®II‘(^H*).CH“C1 (b. p. 192°-196 ’, from coal-tar xylene), with 3 vol. benzene 
and zinc-dust. When puritied by fractional distillation and rectification over sodium, 
it is a liquid boiling at 283®-286® (corr.), having a density of 1*01 at 0°, a blue 
fluorescence, and a faint alliaceous odour. At a rod heat it is quickly resolved into 
anthracene, xylene, benzene, and hydrogen (Barbier. Compt. rend. Ixxix. 660 ; A}in, 
Chim. JPkys. [5], vii, 515). 

PBZBZiZPZUIB. See YTTainM-M£TAi.B. 

PBZBBZPSZTB. This mineral occurs, together with other zeolites, in the 
cavities of the basalt of the Liinperiehkopf, near Asbacli, and of Gcisiiidda, Vogels- 
berg. In the former locality it is the oldest of the zeolites, being followed in order 
by natrolite and apophyllitc ; in the latter it follows gisinondin, and is itself suc- 
ceeded by chabasite (Weiss, Jahrh. f. Min. 1873, 319 ; Saudbergor, ibid. 1874, 173). 
At Stempol, near Marburg, phillipsite occurs, together witli natrolite and analcime, 
the natrolite being the oldest of the three zeolites, and the analcime the most recent 
(A. V. Koener, ibid. 75. 116). The occurrence of phillipsite, and other zeolites of 
recent formation, near Oran, in Algeria, has been observed by Baubree {Co7npt. rend. 
Ixxxiv. 157 ; Chem. Soc. J. xxxi. 444). 

According to A. Strong {ibid. 585), phillipsite, hitherto regarded as orthorhom1)ic 
(iii. 13), belongs, as also does baryta-harmotome, to the monoclinic system; and this 
view is confirmed by the crystallographical and optical measurements of Trippke 
{Jakrb.f. Min. 1879, 681 ; Chem. Sog. J. xxxvi. 515). 

Phillipsite from Richmond, Victoria, amilysed by 0. Newbery (Jahrb. /. Min. 
1871, 75), was found to contain : 

SiO» A1»0» CaO K’O Na*0 H*0 

46-62 23-60 4 48 6*39 5-10 14-76 == 100-95 

PBBOBAPBBBE. This name is applied to certain red bodies, formed, together 
with glucose, when many tannins are heated with dilute sulphuric aoiil. By fusion 
with potash, they are resolved into protocatochuie acid, and another body, which is 
either a fatty acid, or phi oroglucol, according to the kind of tannin employed (TI. 

B. Procter, Chem. News, xxxix. 245; Chem. Hoc. J. xxxvi. 979). According to 

C. Etti {IHngl. pol. J. ccxxviii. 354) the dark-red substance which remains on evap^j- 

rating the yellowish alcoholic solution of lupulo-tauriiri from hops, has the composition 
C*®H“0“, and may be supposed to result from the expulsion of ouo molecule of water 
from 2 mols. of a tannic acid of the formula To obtain it, coarsely pow- 

dered hop flowers are placed in an extraction apparatus, and the mass, after being 
freed from resin and bitter principle as much as’ possible, is extracted with 20 per 
cent, alcohol. On evaporating to a small bulk an<l cooling, a rod precipitate of lupiilo- 
phlobaphene is formed ; this is dissolved in 90 percent, alcohol, evaporated to dry- 
ness, and heated at 1 20° -130'^. If it testes bitter, the bitter-principle may be removed 
by other. Lupulo-phlobaphene is easily soluble in alkalis, and is precipitated 
unchanged by dilute mineral acids. On boiling the freshly precipitated and not 
previou.sly heated phlobaphene with dilute mineral acids, it is decomposed, glucose 
and 1 mol. of water being split off. 

As the phlobaphene is easily prepared, is constant in composition, and precipitates 
gelatin solution completely, it may be estimated quantitatively like tannin, and used 
for standardising the solution employed. 

PBZiOGOPZTB. See Mica (p. 1 32 1 ). 

PBBOBBSB, (R. Benedikj., Her. vii. 446 ; lAebUfs AtmaUn, clxxviii. 

92). A colouring matter produced by the action of nitrous acid on phloroglucol. 
It is a dark green powder having a metallic lustre, insoluble in water, but dissolving 
easily in alcohol, other, and acetic acid with dark brown colour, in nlkjilis and 
alkaline carbonates with deep purple colour. Benodikt deduced, from his first analyses 
of this body, the formula C^*H®0*, and represented its formation by the equation 
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2C®H*0* = C'*H"0* + H*0 + IP ; but from subsequent analyses he infers that it 
contains nitrogen, and has the composition C‘"H**NO^ according to which its form- 
ation may be represented by the equation : ‘ 

3C«H«0» + NO*ll = C*«H'*NO’ + 4H*0. 

For its constitution he proposes the formula 







PBXiORBTZG ACZB, U. Sehiff {Liebig’s An9ialen, clxxii. 356) pre- 

pares phlorotic acid, together with phloroglucol, by boiling phlorctin in portions of 
20 grams for about three hours in a reflux apparatus, with 150 c.c. of potash-ley of 
sp.gr. 1-20 ; saturates the liquid when cold with sulphuric acid; then adds sodium 
bicarbonate in very slight excess, and extracts the phloroglucol by repeated agitation 
w'ith an equal volume of ether; a larger oxccas of the bicarbonate interferes with the 
complete extraction of the phloroglucol. The remaining alkaline liquid is finally 
supersaturated with sulphuric acid, and the phlorotic acid extracted by agitation 
with ether f mr times repeated. The phloroglucol thus obtained is quite pure ; the 
phlorotic acid still retains a small quantity of phloroglucol (compare Hlasiwetz, 
!v. 489). 

riilorcitic acid treated with phmphoms o;ryclihridc‘ at about 60° dissolves, with 
evolution of hydrochloric acid; and after about an hour the whole solidifies to a white 
mass; and on washing this mass with ether, alcohol, and water, and dissolving it at 
boiling heat in glacial ae(ftic acid, a solution is obtained which on cooling deposits 
white crystids of tri phlorctid, = 3C*1P“0“ — 2H;‘0. This compound docs 

not give the reactions of tannic acid (8chiff, Bar. vi. 759). 

Mcthyl'^phlon’.t ic acid, = C**IP(0IP)0*, is prepared by mixing the 

solutions of 1 mol. phlorotic acid and 2^ muls. potassium hydrate in mcthylic alcohol, 
ainl slowly evaporating to dryness. The product is then mixed with a quantity of dry 
methyl alcohol sutficient to form a thin paste, and methyl iodide (3 mols.) is gradually 
added, wdicrehy a crystalline mass is obtained, consisting of potassium iodide and 
mcthylic mcthylphlontide, w'itli some potassium ineth^lphloretate. The mcthylic 
methylphloretate, which may bo separatwl by dissolving the mass in w^ater, and 
agitating with etlior, crystallises in lustrous tables, wliicli have a pleasant odour, 
resembling that of methyl anisate. It melts at 38°, and boils at 278°. This ether is 
easily docoinposctl by an aqueous solution of potassium hydrate, and the addition of 
hydrochloric acid then separates the methylphlorctic acid in the crystalline state. 
The acid is only slightly soluble in cold water, more reailily when heated, and very 
soluble in alcohol and ether. It crystallises in prisms, which sublime below 100°, 
and melt at 103-4°. The barium salt crystallises readily in thin plates; the potassium 
salt ill tufts of needles. 

Klhyl-phloretic acitl,TpiVipft'Ci'i\ in a similar manner with ethyl alcohol and 
ethyl iodide, crystallises in white lustrous scales inciting at 106*5° ; in other respects 
it closely resembles the methyl deriv.ativo. 

When methylphlorctic acid is added to a cold mixture of potassium dichroniato, 
sulphuric acid and water, a violent action takes place, resulting in the formation of 
mcthylparaoxybonzoic (anisic) acid ; if the rcuetion be moderated, the corresponding 
aldehyde is obtained. Ftliylphloretic acid similarly treated yields paraothoxyhenzoie. 
acid, C“.OC*HMI.]r.CO“li.H^ melting at 196° (vi. 899). From these results it follows 
that phloretic acid has only one side-chain containing carbon, and must therefore have 
the constitution of pheuoxyl-propionic acid, C“HXOH).CII-.CH“.GOOIl, or of 

C 11* 

phenoxyl-isopropionicacid, C®H^(OH).CH<^^qq jj, the hydroxyl being in the 
para-position with respect to that side chain (Kdrncr a. Corbetta, Ber. vii. 1731). 

PBliOBBTXXirf G''H‘H)*. H. SchifF {Liehig's AmaUn, clxxii. 356) prepares this 
compound bydiwssolving phlorizin (20 g.) in water (140 g.) heated nearly to boiling, 
adding 50 g. of 20 per cent, sulphuric acid previously heated nearly to boiling, and 
keeping th«i mixture nearly at the boiling heat. After a few minutes the liquid 
solidifies to a pulp of perfectly white crysUds of phloretin. 

PBBORZZmr. The formula Uounlly assigned to this body, is founded 

on the analysis of Sbis, which gives 57'47 per cent, carbon and 5*67 hydrogen, the 
calculated quantities being 57*79 C. and 6*61 H. (see Gnielin’s Handbook, English 
Edition, xvi. 13). According to this formula, and those of phloretin and phloretic 
acid above given, the resolution of phlorizin into glucose and phloretin is represented 
VoL. Vlll. 6 I 
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.by the equation C**'H“^0'*+H*0»=C®H**0* + C'*H**0* ; and that of phloretin into 
phloretic acid and phloroglucol under the influence of alkalis, by the equation 
+ H-0 = C®H**0* + C®H“0* (iv. 489, 494). According to J. Lowe, on the 
other hand {Zcitsckr, anal, cheni. 1876, 28), the formula of phlorizin dried over sul- 
phuric acid is of phlorizin dried at 100^-105®, of pliloretin, 

qi 7J[I40«»; and of phloretic acid, C‘VH*®0®. Xowe flnds also that phlorizin is not 
precipitated either by lead salts or by barium salts, and that it is resolved into 
phloretin and glueuao when heated to 110^ even in pure water, and when heated to 
18i)" in the dry state. Those decompositions he represents by the following 

equiitioiKs ; 

Phlorizin Phlorotiu ftlneoso 

(jailsoQu _ 21120 = 

(drltHl over H*SO*) 

C2®K‘*0‘2 « 

(dried at 105°) 

and the resolution of phloretin into pliloretic acid and phloroglucol by the equation : 

+ H^O = + C®H«0*. 

It must be observed, however, that the percentages of carbon required by Lowe’s 
formulte of phlorizin, phloretin, and phloretic acid are lower than those found by all 
other chemists who have examined these bodies (see Gmolin's Handbook, xiii. 3()8 ; 
XV. 8, 11), and that the formula for phloretic acid is supported by the com- 

position of methyl- and ethyl-phlorotic acids (p. 1569). Moreover, it is not easy to 
see how Lowe’s formula for pliloretic acid can bo reconciled with the formation of 
anisic acid by oxidation of methyl-phlorctic acid. 

Phlorizin gives a dark blue colour with ammonium sulphomolyl>dato (p. 1 335). 

A solution of 0*04(1 grm. plilorizin in 100 c.c. alcohol, or of ()*039 grm. in 100 c.c. 
wood-spirit, has a specific rotatory power of + 52 for the yellow ray (Oudemaiis, Pogg. 
Ann, cxlviii. 337). 

PBlLOROBROMllir, C®}lBr®0 (Bencdikt, Liebig's Annalen^ clxxxix. 165). 
When bromine (10 pts.) is padually added to an aqueous solution of phloroglucol 
(1 pt.), tribromophloroglucol is first formed, and subsequently converted into phloro- 
broiiiin : 

C«IPO® + 3Br* = + 3HBr 

and C-IPBr^O® + 2HBr + 2Br-' = C«HBr®0 + 2TT-*0. 

To obtain the latter compound pure, the liquid is decanted from the hard lumps 
formed In the reaction ; these are left to dry in the air and crystallised from chloro- 
form ; the prisms thus obtained are heated on the waterdiath with water and excess of 
bromine till the bromine is driven off ; and tlie residue is recrystallised from chloro- 
form. 

Phlorobromin thus obtained crystallises in colourless orthorhombic prisms, 
OP. QoP. QoPoo , having the axial ratio a I h — \ : 1*1988, and the angles ooPoo : ooP 
= 39® 55'; osP : ooL’ = 79° 50' and 100® 10'. The crystals melt at 152®; decompose 
at a higher temperature, iiro insoluble in water, and are not attacked either l)y boiling 
potash-ley, boiling nitric acid, or sodium-amalgam. 

When phlorobromin is dis.solved in warm alcohol, and the solution, after .standing 
for some hours, is mixed with a largo quantity of cold water, an oil is precipit.ut(‘d 
together with slender needles of pentabromaebtone melting at 76® (vi. 27). 

Phlorobromin is decomposed by aqueous ammonia at ordinary temperatures, yield- 
ing, together with bromoform, a botly having the composition C*^Br®IPN^ which may 
be purified by precipitation from the ammoniacal solution with exce.s8 of sulphuric acid, 
extraction with ether, evaporation of the ethereal solution, and recrystallisation of the 
residue from water with tlie aid of blood-charcoal. It then forms largo white crystals 
or transparent lamina* melting 124®. It is decompo.sed by potash, with formation 
of ammfmia and bromoform, and converted into a brominatod acid by heating to 120® 
for several hours with dilute sulphuric acid. 

PHlbOROGXiUCOXif (J®H®()® = C®B®(OH)*. PhloToglucin , — This triatomic alcohol 
is formed; 1. Together u’ith <another siiUstance, by fusing resorcinol ( C®H®0*) with 
sodium hydrate, the phloroglucol constituting from 60-70 per cent, of the product 
(Barth a. Schredcr, Per, xii. 503). 2. Together with small quantities of ot her products, 
by fusing re8orciuoldi.sulphonic acid with potassium hydrate ; soda yields a less favour- 
able result (Ted eschi, Her. xii. 1267). 3. Together with hesperetic acid, by heating 
hesperitin to 100® witli potash (E. Hoffmann, Ber, ix. 685) : 

C®H®0'^0.C"'H«0® + H=0 = C®H«()» -i- 

f]esi)critin. Pliloro- He.si)eretic 

glucinol. acid. 
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React wna. — 1. When a solution of potanhm nitrite is added to a very dilute 
solution of phloroglucol mixod with nitrate of toUtidine (op aniline')^ the liquid, 
which is at first clear, becomes brownish-yollow, then orange-red, and ultimately 
deposits a cinnabar-red precipitate. This is a very delicate test for phloroglucol. 
A similar reaction is however produced by maclurin, catechin, decoction of fustic, and 
extract of hops (Woselsky, Ber, ix. 216); See also Procter (Chem. News, xxxix. 245 ; 
Chem. Soo. J. xxxvi. 979). 

2. By the action of chlorine and phloroglucol is converted into dichlor- 

aco tic acid (Hlasiwotz a. Hubermann, Liebig's Annalen, civ. 120) : 

C«H«0> -h 6CP + 3H20 « 3C*I12CP0=« + 6IIC1. 

3. With bromine and water, it yields tribromophloroglucol, afterwards 
converted into phlorobromin, C*HBr*0. 

4. With nitrous acid it yields phloroin, (p. 1568). 

Trlnitrosopbloroglucol, C®(NO)»(OH)* (Bonedikt, Ber, xi. 1374). When a 

concontrated well-cooled solution of potassium nitrite is added to a solution of phloro- 
glucol in dilute Jicetic acid covered with a layer of ether, the mixture becomes 
dark-brown, and after some minutes an acid potassium salt begins to separate. On 
supersaturating the solution with potash, and adding alcohol, the neutral potassium 
salt is thrown down in boauliful green needles amounting to about 70 per cent, of the 
theoretical yichl. As tiiis potassimn trinitroso-phloroghicol, 0®(NO)*(OK)®, cannot 
be rucrysbilliscd without great loss, it must bo dissolved in water and precipitated 
with alcohol, to which some potash has been added. It is easily soluble in water, 
with difficulty in dilute potash, quite insoluble in w'eak alcohol. It may be heated to 
above 130° without decomposition, but explodes at a high temperature. A drop of 
sulphuric or nitric acid will also occasion violent explosion. A lead salt of trinitroso- 
phlorogUieol is obtained by precipitating a dilute solution of tlio potassium salt with 
lead acetate, and falls as a yellow precipitate. When dried it forms a light cinnamon- 
brown pow'ticr, exploding with violence when heated. Nitroso-phloroglueol can he 
isolatetl ]»y cautious docompo.silion of this lead salt mixed with alcchol, by means of 
sulphuric acid. On filtering and evaporating the alcoholic solution, group.s of needles 
are oljlained, w'hich are easily soluble in water and alcoliol, insoluble in ether. 

Tile number of nitr<).syl-groups that can be introduced into a phenol is— so far &ft 
can he jmlged from the small number of examples at present known — equal to the 
number of hydroxyl-groups contained therein. The introduction of the NO-group 
into the hydrocarbons (benzene and iia])hthalone) is difficult and can be effected only 
by indirect means, wheriias the monhydric j)h(*nols, phenol, thymol, and naphthol, 
take up one NO-group with ease; the dihydric phenols, resorcinol, and orcinol, give 
dinitroso-derivative.s ; and the trihydric phenol, phloroglucol, yields trinitroso-phloro- 
glucol. 

Trinltro-pWoroglucol, G**(N0'”)*{0H)® + ir“0 (Benedikt, loc, cit.) On adding 
powilercd potassium iiitroso-pliloroglucol in very small quantities at a time to a 
mixture of nitric aei*! and sulphuric acid, oxidation takes place at the ordinary tem- 
perature, and finsilly yellow needles of trinitro-phloroglucol separate out. The 
mass is then diluted with water, exhausted with ether, anil the product reciystallised 
from boiling water. It crystallises in hexagonal prisms modified by combination with 
the pyramiil and prism of the second order, the combination being represented by the 
formula oo P . P . cc P2. 

Trinitro-phloroglucol lo.ses its crystallisation- water at 100°. At 130° it begins 
to sublime; at 168° it uiclt.s without decomposition, but explodes on further heating. 
It is easily soluble in hot water, alcoliol, and ether, and is decomposed by sulphuric 
acid only at a high tcnipevaturo. Like picric acid, it possesses great tinctorial power 
for animal matters, the tint, however, being richer and more beautiful. It gives the 
isopurpuric acid reaction with potassium cyanide. On reduction with hydrogen 
sulphide or tin and hydrochloric acid, it appears to form the compound analogous to 
picramic acid. On boiling tlie tin solution it becomes decolorised, but does not appear 
to yield tiio corresponding trianiido-compound. 

Salts of Trinitro-phUrrogluvol. — This body decomposes carbonates readily, and 
forms witli metals throe series of salts containing 1, 2, and 3 equivalents of metal. 
All are explosive. Tlie potassium salts are formed by saturating 2 mols. of the nitro- 
eoinpound with 1, 2, or 3 mobs, of potassium carbonate, working with a solution as 
concontratod as possible, 'flio compound C®(Nl)®)*((')K)* fi»rms orange-red shining 
needles often an inch long, whilst C®(NO’')»(OK)-OH is of a deep-yellow colour, and 
not so shining as the preceding. The compound C®(NO'*)*{OK)(OH)“+ 11*0 forms 
long, silky, sulphur-yellow needles, losing water at 100°, and becoming dull. All 
llireu potassium-ilerivatives arc sparingly soluble in cold water. The neutral ammonium 
derivative boliaves like the corresponding potassium compouml. The barium compound 

5i2 
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formed by adiling baryta-water to an aqueous solution of trinitro-phloroglucol, con- 
sists of microscopically small, sulphur-yellow needles, insoluble in cold or boiling water. 

Lead acetate gives, in an aqueous solution of the acid, an amorphous, flocculent 
precipitate of plimibic tmiitro-phloroglucol, 

Plilorogluolo Anbydridei or PblorogluoidOf = 

C®H*(()H)-.O.C*H*(OH)*, is obtained: 1. the action of heat on phloroglucol, 
2C®H®()*— ll*0s=C''“H*“0* (Piccivrd, Ber. vii. 891). 2. By heating phloroglucol 

with concentrated aqueous hydriodic or hydrochloric acid (Hlasiwetz, vi. 928). 3. By 
heating phloroglucol for several hours with phosphorus oxychloride. On distilling 
off the excess of the latter, treating the residue first with water, then with alcohol, 
and finally washing it with ether as long as the ether is thereby coloured red, the 
phloroglucido is obtained in scales unctuous to the touch (11. Schiff, Liebig's Anvalvn, 
clxxii. 35$). It dissolves in hot water, and separates therefrom as a white tasteless 
powder (Piccard). 

Pbloroglucolsulpbonlo Acldi C®n*SO* = C®H*0*(S0*II), produced by the 
action of pyrosulphuric acid on phloroglucol, forms very soluble salts with the 
alkalis and alkaline earths, and is coloured deep violet by baryta-water and ferric 
chloride. By the action of phosphorus oxychloride, it is converted into an amorphous 
anhydride w'hich may bo purified by washing it, first with ether, then repeat(»dly with 
water, and finally dissolved in water at r)0°-60®. The resulting yellow solution reacts 
with albumin, gelatin, alkaloids, acids, salts, and iodide of starch, exactly like tiiiinic 
acid. It is precipitated by hydrochloric acid, and on repeating this operation several 
times, there is obtained a yellow precipitate of the formula C " = 2C®H“SO®~ 11-0, 
which dissolves readily in water, and when boiled with dilute acids is reconverted 
into phloroglucol sul phonic acid, which exhibits none of the reactions of tannic acid. 
Lastly, there is precipitated a highly carbonised body, w’hich also reacts 

like tannin, but does not decolorise iodide of starch. This Ixjdy may be formed from 
the sulphonic acid of phloroglucido according to the equation 2C**JP0*(80®H) — II-0=s 
(H. Schiff, Ber. vi. 26). 

PBXiOROXi, C®H*®0 = C*IP(0H). This phenol, first noticed as a constituent of 
beech-tar creosote by Marasso (vi. 928), and afterwards by Tiemann a. Mendelsohn 
(p. 580 of this volume), has been further examined by the last-mentioned chemists {Ber. 
X. 57). To <letermine its constit ution, it was first converted into m e t hy 1 - p h 1 o ro 1, for 
which purpose the ether-alcoholic mother-liquors, obtained in the preparation of potas- 
siura-cresol from the portion of the creosote boiling betwerm 200' and 230°, were 
evaporated on the water-bath ; the aqueous residue was acidulated with hydrochloric 
acid and exhausted with ether; and the ethereal extract was evapuratetl, W’horeby an 
oil (b. p. 220°) was obtained which was boiled for several hours in a reflux appftratus 
with potassium hydrate, methyl iodide, and methyl alcohol. On heating the product 
of this reaction over the W'ater-l)ath to remove methyl alcohol, and then adding water, 
an oil was obtained separable by rectification into two portion.s, one boiling at 215°, 
the other at about 200°. The latter, which is the crude methyl-phlorol, gave, when 
suspended in 20 pts. w’uter and boiled in a reflux apparatus with potassium [)« r- 
manganate (1 ; 40), a mixture of acids, which w’as fused for a .short time witlj 
potassium hydrate to remove the methyl-groups contained in it; and the siibstiiuee 
afterwanls separated from the melt by hy<lr()chloric acid, was found to be ideiitie.il 
with hydroxyphthalic or hydrnxybenzone-ofthodicarboxylic acid, C®H*(On)(C()OI!)' 
(p. 1531). From tliese results, Tiemann a. Mendelsohn infer that the phlorol 
of beech-far is a hydroxy-xyleno, C®H*(CII*)=^OIf. The phlorol prepared by dis- 
tillation of calcium phloretate (p. 1569) they regard as an ethylphonol. 

PB&OROSS, C®H'^0®. A sugar obtained by the action of sulphuric acid on 
phlorizin (see Sugxbs). 

PH03L&RXTS> A mineral from India, named Meerschalummite by Ross, has 
been shown by Maskelyne a. Flight {Ch>tm. News^ xxii. 260) to contain 43*144 per 
cent. SiO'^ 41 073 Al*0®, and 16-783 H'^0, and to be identical with pholerite (iv. 496). 

Frenzel regards the pholerite, nacrite. and lithomarge of the Saxon and Bohemian 
tin-mines as varieties of gilbertite (p. 860). 

PBOMTO&ZTS. The following are analyses of this volcanic ruck: (1 and 2). From 
the Wolf Rock near the Land’s £nd,^Cornwall : exhibits small sanidins enclosed in a 
compact grey matri-x. Sp. gr. 2*54 (Allport, i7a4r5. /. il/m. 1874,38; analysed by 
A. Phillips).* (3). From the Ravin de rUsclade, Auvergne. Sp. gr. 2*54. Analysed 
by C. V. B{^nhor8t {iJnd. 1872, 337). (4 and 6). Noscun-phonolitos from the Hohent- 
wiel in the Hogau. 4. Fresh rock : 55'9 per cent, soluble ; 44*1 insoluble. Sp. gr. 
2-54. 5. Weathered : 39 per cent, soluble ; 61 insoluble. Sp. gr. 2*41 : 
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1. 

SiO* 

56*46 

A1*0» 

22*29 

Fo*0* 

2*70 

FeO 

0*97 

CaO 

1*47 

MgO 

K»0 

2*81 

Na*0 

11*13 

H»0 

2*06 

_ 

99-88 

2. 

56-40 

22*20 

2*61 

0-97 

1*35 

— 

2*73 

11 11 

2*05 

= 

99*42 

3. 

59*84 

23-07 

3*35 



1*48 

0*25 

4*13 

4*52 

3*20 

= 

99-84 

4. 

55-21 

21-78 

2*06 

2*01 

2*10 

0 13 

3*475 

10-64 

2*07 


99*476 

5. 

55-84 

19*87 

2*58 

1*55 

— 

1*81 

6-23 

8-06 

3*87 


90*81 


PBOROSTB, C*H**0. This name has been given to at least two isomeric bodies, 
one, wliich is the ketone of camphoric acid (also called camphorme) being formed by 
distillation of calcium camphorate (i. 733 ; vii. 949), the other (also called acephormie) 
being produced by the condensation of acetone under the influence of strong hydro- 
chloric acid: 3C*II“0 — (i. 23; vi. 26); and by heating nitroso- 

(riacetoiiamino (p. 29) with potash: 

C»H»«(NO)NO - C»n»<0 + N* + H‘^0. 


The action is best commenced over the water-bath, and completed by boiling the 
liquid in a reflux apparatus, and the phorono thus produced may be extracted with 
ether and purified by distillation (Ileintz, lAebig's Aniialcn, clxxxvii. 250). 

Caraphorone is a liquid boiling at 208” (Gerhardt); at 206°-215° (Kachler) ; 
ucephorone crystallises in large yellowish prisms, melts at 28°, boils at lf'0°-191° 
((Jlaisen, Liebig's Anmlen, clxxxiv. 163). 

The ])horone produced by the action of alkaline reagents on acetone (i. 29) appears 
to be identical W’itli camphorone. A liquid having the composition of phorone, and 
boiling at 230”-23o°, is obtained, together with camphor, by distilling the Citlcium 
salt of camphic acid with calcium formate (J. de Montgolfier, Compt. rend. Ixxxviii. 
915 ). 

Acophorone is very readily altacked by oxidising agvnis', dilute nitric acid 
converts it into acetic and oxalic acids. By dehydration with phosphoric (inhydride, it 
is converted cliiefly into pscudoeumenc, (p. 1284), Its solution in carbon 

sulphide readily absorbs bromine, forming a woll-crystallised t o t r a b r o m i d e, 
C”JP‘O.Br^, easily soluble in ether, sparingly in cold water, melting at 8fr’~88”. 
With sodium-amalgam acephorono yields only imperfectly crystallised resinous pro- 
ducts ; 1)ut when its alcoholic solution is left in contact with zinc and sulphuric acid, 
it takes up hydrogen and is converted into deoxyphorone, related to it in 

the same manner as pinacolin to acetone, and deoxybonzoVn to benzaldehyde. This 
compound crystallises in short colourless four-sided prisms, molts at 108°, sublimes 
well, and volatilises easily with vapour of water. The same compound is formed by 
treating the above-mentioned totrabroiiiide with zinc and hydrochloric acid. By 
strong snfphurio acid, acophorone is for the most part converted into mesity'eno 
(Claisen, her. xi. 1108; Living's AnnaUn, clxxx. 1). 

Acophorone unites with hgdriodic acid, forming the compound wdiich 

crystallises in nnetlles, melts at 13°, is partly decomposed by boiling, but not liecom- 
posod by w’ater, and i.s reconverted into phorone by alcoholic pota.sh (Kasaneff, Ler. 
viii. 435). 

Camphorone being the ketone of camphoric acid, probably forms a closed chain, as 
reprj‘.senti‘d by Kachler s formula (vii. 949) ; but acephorone, according to the pre- 
ceding reactions ’iiid its formation from iiitrosotriacetonainine by removal of and 
llrO (p. 1572), appears to have the constitution of an open chain with two double 
linkings. The two formul® of nitrosotriacetoiiamine give for phorone the three 
following formul® : * 

NitroBotrlacptouJimine Phorone 

ko (*) 

or jj;^C=CII-CO— CH=C<f2I 

( 2 ) 


CO.CH> 




:^c<«#>c<ch: 


L 


gives 


CO.CIP 

jj>c-k 

(3) 




Either of these three phoronc-molecules with two pairs of doubly linked carbon-atoms 
may take up 4 at. bromine, and form the tetrabromide, which may accordingly be 
represented by one of the throe following formul® : 
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(» BrU'C>C«>^CH»-CO-CH^CB<^“ 

(a) ®Ig>CBr-CHBr^CO-CHBr-CBr<;g^| 

CO.CH* 

(3) BrS’^CBr-iH— CBr<«V 

FBOBOmC ACID, A crystallisablo acid, obtained under certain 

oirciimstances by oxidation of camphic acid with potassium permanganate (Montgolticr, 
Compt. rmd. Ixxxv. 961), the usual product being hydroxycamphic acid, 

(p. 372). 

PHOSSNSi or PHOTEITS. According to Barbicr (Ann. Chim, Phys. [5], vii. 
o26), the substance so-called by Fritzsche (vi. 176) is a mixture of anthracene and 
phenanthreno. 

PBOSOBiriTB. A mineral discovered by Sella in the lead mines of Monte 
Poni ; found also at Gibbus. The crystals are hexagonal, exhibiting the combination 
00 P . 00 P2 . OP . 2P2 . 2P 00 . 00 P 00 , the faces oo P being vertically striated. Axial 
ratio a ; c = 1 ; 1*08758 (Hansel, Jahrh.f. Min, 1878, 754). 

PBOSPBAM. This name is given to the nitril of phosphoric acid, PHN-, 
which Eose obtained by passing ammonia gas over phosphorus pentachlorido and 
heating the product in a stream of cjirbon dioxide (iv. 497). M. Salzmann (Ber. vii. 
494), by passing ammonia gas over moderately heated phosphorus pentachloride, 
obtained a product which, after successive treatment with hot water, hydrochloric 
acid, potash, and ether, formed a white amorphous jiowder scarcely acted upon by 
acids or alkalis, and giving by analysis numbers leading to the improbable formula 
P*H*N% possibly a mixture of several compounds. 

PHOSPB AHriXiATB, BXPBBWTBZC, C‘“II'«NP0® -= PO | C«1P 

a. Heymer, Ber. viii. 1235). This ether is obtiiined by dropping a mixture of equal 
parts of phenol and aniline on the calculated quantity of pliosphorus pentachloriile, 
and treating the semi-solid product with water and soda-ley. It crystallises in six- 
sided tablets melting at 127 -128 ' ; dissolves both in acids and in alkalis, sparingly 
in water, readily in alcohol and ether ; has a neutral reaction, and is decomposed by 
di.stillation, giving off aniline and phenol. 

PBOSPBBITYB BROMZBBS (Michaclis a. Kohler, Ber. ix. 519). The 
Dibromide, Phosphorus Phony Idibromide, or Phosphorus Dihroino'phcnid.e, C“H*PBr% is 
formed by passing hydrogen bromi<lo dried with phosphoric annyd ^ ’e into boiling 
phosphenyl dichhjride (infra\ whereupon the gas is completely absorbed, stream.s 
of hyclrochloric acid gas carrying benzene with them are given off, and small quantities 
of phosphoru.s separate out. The product, after saturation with hydrogen bromide 
and rectification in a stream of carbon di»>xide, consists essentially of phosplienyl 
dibromide, together with small quantitifs of phosphoru.s chloride and bromide, 
monobromobenzeue, and diphenyl. It may bo freed from dissolved phosphorus by 
heating it to 250°-300° in a sealed tube, the phosphorus then separating out in tlie 
red amorphous state. The diphenyl is very difficult to remove. Fhosphenyl dibroinido 
may, however, bo obtained free from diphenyl, but in small quantity only, by the 
action of phosphorus bromide on mercury-diphenyl : 

2PBr» + Hg(C«JP)“ = HgBr* + 2CHl^PBr2. 

Phosphenyl dibromido is a colourless liquid, boiling at 255°-2r)7® ; it soon turns 
yellow, and on exposure to sunlight becomes turbid and deposits a red substance. It is 
decomposed by water into hydrobromic acid, phosphenylous acid, and phenyl-phosphine. 

Phosphenyl Tetrahromide, Phosphoric Phenyltetrabromide or 2'etrabromophenidc^ 
C*H'PBr‘, formed, with great rise of temperature, by direct combination of the 
dibromido with bromine, is a yellow-red mass which, wlien heated, sublimes in yellow- 
red needles melting at 207®- It fumes strongly in the air, and is converted by water 
into hydrobromic and phosphenylic acids. It unites with bromine, forming a hex- 
bromide, C®H*PBr^Br2, which sublimes at 110° in dark-red needltis.and is decomposed 
by water, yielding bromine, hydrobromic acid, and phosphenylic acid. 

PBOSPBBBnrXi CBZiOBZBBS. Bichloride, Phosphorus Phenyl- 
dichloride or Dichlvrojyhenidc, C*H®PCP. — To prepare this compound, the 
mixed vapour.s of benzene and phosphorus trichloride are passed through a hot tube 
filled with fragments of pumice, the vapour of that portion of the condensed liquid 
which distilled below 80^^ being again repeatedly passed through the tube ; and the 
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portion of the product which boils above 80° is subjected to fractional distillation. 
Phosplionyl dichloride thus obtained is a colourless, very stable, strongly refractive 
liquid, having a sp. gr. of 1*319 at 20®, and boiling at 222° (Michaclis, Bir, vi. 601, 
816). It is converted by chlorine into phosphenyl tetrachloride, by hydrogen iodide 
into phosphenyl di-iodide, by oxygen and sulphur into phosphenyl oxychloride and 
Bulphochloride respectively, by cooled zinc -ethyl into dicthylphenylphosphine, 
P(0'‘'H»)*(CW). ^ 

Phosphenyl Tetrachloride^ Phosphoric Phenyl-tetrachloride or 
Tetrachlorophenide^ C®H*PCP, is obtained, bypassing chlorine into the dichlorido 
well cooled by cold water, as a dry mass, the yellow colour of which is due to excess 
of chlorine, and may be removed by crystallisation from phosphorus trichloride or 
phosphenyl dichloride. It melts at 73° to a clear liquid which solidifies to a crystal- 
line mass on cooling. At a higher temperature it partly sublimes unaltered and is 
partly resolved into the dichlorido and free chlorine (Michaelis, loc. cit.) When 
heated in a tube, it exhibits no alteration at 100°, but melts at 140°, and is resolved 
at 180° into PCI®, boiling at 78°, monochlorobenzene, and other products boiling at 
hi£?her temperatures (Michaelis a. Kammcrer, Per. viii. 1306). Water decomposes it 
with violent hissing, forming at first phosphenyl oxycliloride as an oily liquid, which 
is further converted into phosphenylic acid (Michaelis). With phosphorous acid, it 
yields phosphenyl dichloride and oxychloride in the quantities required by the follow- 
ing equation, without a trace of phosphorus trichloride : 

OrH(OII)® + 3C®JT®PCP = OPCl* + 2POCP(C«H0 + CPP(C®H®) + 3HC1. 

This tends to show that phosphorous acid has the constitution represented by 
OP7I(OH)‘', since if it wore correctly represented by the formula P(OH)®, it should 
yield with phosphenyl tetrachloride, not phosphenyl oxychloride and dichlorido to- 
gether with phosphorus oxychloride, but phosphenyl oxychloride and phosphorus tri- 
chloride : thus 

P(OII)® + 3CTT--PCP - PCI® + 3POCP(C®n®) + 3HC1 

(Michaelis a. AnanoiF, Per. vii. 994). Vfith phenol, phosphenyl tetrachloride gives off 
hydrochloric acid, and yields, together with inonochlorobenzene, white needles of 
phenyl phosphony late, C®II’P0*(C®1P)'‘ (Michaelis a. Kammoror, 7ier. viii. 1306). 

Phosphenyl Chlorohromide, C®H®PCPBr®, is obtained by adding 1 mol. 
bromine to 1 mol. well-cooled phosphenyl dichloride, as a dry yellow-red solid mass 
which melts at about 208- to a dark-browm liquid, but sublimes even at 130° without 
decomposition in fan-shaped groups of yellow-red crystals. With a suflicient quantity 
of w’ater it yields, as final products, hydrochloric, hydrobromic, and pho.sp]ienylic 
acids (Michcaolis). 

Phosphenyl Chhrotetrahroraide, C''lPPCl-.Br’, is formed, \vith brisk reaction, on 
adding 1 mol. bromine to the chlorobromide just described. The mixture, which is 
pasty at first, quickly solidifies to a dry hright-red mass which is decompo.scd hy 
water, yielding phosphenylic, hydrochloric, and hydrobromic acids, and free bromine 
(Michaelis). 

Phosphenyl Oxychloride, CTPPCr-0, is formed by direct combination of 
oxygen with phosphenyl chloride, the action being greatly fiicilitated by lieat ; also 
by the action of oxalic acid, and of phosphorous acid (.si/y/m) on phosphenyl tetra- 
chloride. It is a colourless thieki.sh liquid, having a faint odour, a density of l’37f5 
at 20°. and boiling, not (juito without decomposition, at 260° (uiicorr.) By water it 
is slowly resolved into hydrochloric and phosphenylic acids (Michaelis). 

Phospheny I Thioch loride, C®Il®PCPS. — Sulphur dis.solves quietly in phosphenyl 
dichloride at ordinary temperatures, but on heating the solution, it suddenly assumes 
a darker colour, and the two substances enter into chemical combination, attended 
with violent ebullition, and when considerable quantities .are present, with inflamma- 
tion. The fhiochloride thus formed is a colourless liquid, boiling under ordinary 
pressure at 270°, with partial decomposition ; under a pressure of 130 mm. at 205°. 
Op. gr. «*= 1*376 at 13°. Its odour is aromatic at ordinary, pungent at higher tem- 
peratures. It fumes slightly in the air, and is decomposed by prolonged boiling with 
water, into hydrochloric, hydrosulphuric, and phosphenylic acids. Strong potash-ley 
attiicks it violently ; dilute potash-ley only after prolonged boiling. On evaporating 
fho resulting solution and treating the residue with alcohol, potassium chloride 
remains undissolved, and a salt which crystallises in small needles, and probably 
Consists of potassium thiophosphenylate, C®H*'PS(OK)-, passes into solution. The 
alcoholic solution thus formed acquires when somewhat concentrated an odour like 
that of mercaptan. The corresponding load salt is a white precipitate, which blackens 
when boiled with water (Kohler a. Michaelis, Per, ix. 1063). 
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VBOSPBBinrK nXSOBZBBi C*H*PP, is formed, -with rapid evolution of 
hydrogen chloride, when dry hydrogen iodide is passed into the cwresponding chloride 
(p. 1874). The liquid becomes heated and darker in colour, begins to deposit a 
crystalline body, then gradually becomes thicker, and finally solidifies completely to a 
dry dark-coloured mass, whicli still for awhile rapidly absorbs hydrogen iodide. The 
iodide of fhosphetxyl and hydrogen thus formed distils, with copious evolution of 
hydrogen iodide, at a temperature above the boiling point of mercury, and is decom- 
posed by water and more readily by alcohol, yielding phenyl -phosphine, 

PHOSPBBinr& SnXiPBZBBS. Kohler a. Michaelis (Zler. x 815), by treat- 
ing phosphenyl dichloride, heated nearly to boiling, with dry hydrogen sulphide, 
obtained a thick, colourless, disagreeably-smelling liquid, very much like the sulphide 
of phenyl-phosphine, and having the composition C'H^PS. This substance, hcatal 
with nitric acid, yields diphenylphosphinic acid, together with phosphoric acid ; hence 
its constitution is probably ( C*H*)*P.S.PS. Kohler a Michaelis. call it isophoaphcnyl 
sulphide. Together with this compound, which dissolves readily in ether, there is 
also formed tctraphcnylphosphotrisulphide, (C®H^)*P‘*S*, which crystallises from warm 
ether in white crystals melting at 192^-193°, and yielding by oxidation diphenyl- 
phosphinic acid. 

PBOSPBBBYZ.ZC AGZD, C*H^FO.(OHy‘^. Phenyl-pho.^phoric, Phenyl-phos- 
phiniCj or Bemenephosphinic Acid (Michaelis, vi. 816; Michaelis a. Mathias, 
ibid, vii. 1070). This acid is the final product of the decomposition by water of all 
the derivatives of phosphenyl dichloride above described. It is best prepared 
by adding phosphenyl tetrachloride in successive small portions to water, and 
warming the liquid for some time to complete the decomposition of the phosphenyl 
pxychloride formed in the first instance. On evaporating the resulting solution 
which contains hydrochloric acid, the phosphenylic acid crystallises in colourless clino- 
rhombic lamina? having a vitreous lustre. In pure water the acid is much more 
soluble, so that the solution requires to bo much more highly concentrated before it 
will begin to crystallise, the whole then solidifying to a pulp of small felted lamiiue, 
enclosing a large quantity of mother-liquor. 100 pts. by weight of water at 15® dis- 
solve 23‘5 pts. of the crystallised acid ; it dissolves readily also in alcohol. It melts 
at 158®, and when quickly heated to about 250® is resolved into benzene and meta- 
phosphoric acid, a decvmiposition exactly analogous to that of tri basic phosphoric acid 
into metaphosphoric acid and water, and to that of aromatic carboxylic acids into 
CO* and hydrocarbons. 

Phosphenylic acid slowdy heated above its melting point gives off water, and 
leaves a residue of condensed phosphenylic acids. At 200®, two mols. of C®H*.PO*H* 
lose 1 mol. 11*0, leaving di- or py ro-phosphenylic acid, (C®H*)*(PO)*0(OH)* 
and at 210'’ three mols. of the acid are converted, by loss of 2H'*0, into triphos- 
phenylic acid, (C®IP)\P0)>0*(01I)*. 

1 mol. phosphenylic acid heated to 100® in a scaled tube with 1 mol. bromine 
in presence of water, yields — together with a small quantity of oil and unaltered 
phosphenylic acid— paradibromobenzene (m. p. 89®), hydrobromic acid, and phosphoric 
acid (Benzinger a. Michaelis, Ber. viii. 550). 

Phosphenylates . — Phosphenylic acid is a powerful bibasic acid, forming acid 
and neutral salts. The free acid precipitates neither barium chloride nor silver 
solutions, but on addition of a little ammonia^ white precipitates are thrown down. 
The addition of sodium acetate also determines the precipitation of the silver salt. 

The neutral potassium salt^ C®II*PO*K*, is uncrystalli sable and very soluble. The 
acid salty C®H‘PO*KH, is precipitated ftrom its aqueous solution by alcohol as a 
crystalline powder. Neutral sodium phosphenylatCy C®H*PO»Na*.12H*0, resembles 
the corresponding sodium phosphate. The acid salt crystallises less easily in similar 
forms. 

Calcium phaphjenxflatei C®H®PO®Ca.2H*0, is a white, amorphous precipitate, 
soluble though with difficulty, in acetic acid. By evaporating this solution, the acid 
salty (C*B[*PO*)*H*Oa*, is obtained, crystallised in beautiful shining scales, which are 
anhydrous. The add strontiim salty (C®H*PO*)*H*Sr.H*0, resembles the calcium salt. 
Zdne phosphcnylate has the formula C*H*PO*Zn.H*0. Copper phosphenylale is 
C*H»PO*Cu. Silver phosphenylaley C®H*PO*Ag*, is a light white powder, not changed 
by light. Ferric phosphenylaley (C*H*PO*)*Fe*.2iH*0, is a yellowish white pre- 
cipitate. 

Vbosptaeiijrlio Btbers. Ethylphosphenylic acidy(PPP.PO.{Q(yE.^)(OB)y 
is formed on adding phosphenyl tetrachloride to absolute alcohol, and leaving the 
solution to evaporate first on the water-bath, then over lime. It is a thick, heavy. 
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oily, noo-Yol:iti1e liquid having a fruity odour, find is quickly decomposed by water 
into alcohol and phosphenylic acid. Its silver salt^ C*H*.PO(O0*H*)(OAg), separates, 
on mixing the alcoholic solutions of the free acid and silver nitrate, as a yellowish- 
white precipitate, quickly blackening on exposure to light ; it is quickly decomposed 
by water, with separation of phosphenylic acid and silver phosphenylato ; ammonia 
and nitric acid dissolve it readily, though not without decomposition (Michaelis a. 
Mathias). 

Ethylphosphenylic acid is also formed by the action of water on the normal ether 
i^infra'). It unites with water, forming an unstable hydrate consisting of scaly 
crystals, which liquefy and give olf their water even over sulphuric acid at ordinary 
temperatures. By prolonged contact with water, the acid ether is converted into 
phosphenylous acid (Kohler a. Michaelis, JJer. x. 816). 

Normal Ethyl Phosphenylatey C®H*P(OC'‘*Il*y'', is formed by the action of 
sodium ethylate on phosphenyl dichloride. The reaction is rather violent, so that it 
is best to drench the sodium ethylate with ether, and gradually add the phosphenyl 
chloride, keeping the retort well cooled. This ether is a colourless, very mobile 
liquid, having an intensely disagreeable odour, a density of 1*032 at 16°, and boiling 
at 235°.* It is insoluble in water, and is gradually decomposed thereby, yielding 
alcohol and ethylphosphenylic acid (Kohler a. Michaelis). 

P C®lP.PO.(OC®H^)®, is formed, together with mono- 

chlorobenzene and hydrochloric acid, by the action of phosphenyl tetrachloride on 
phenol : 

c^H'Pci* + ac^ipon = c“h^po.(OC“H*)* + c®H'C 1 + siici. 

It crystalliscis in thin white needles melting at 63*5"^ ; is insoluble in water, but dis- 
solves readily in alcohol, ether, and benzene ; is scarcely attacked by aqueous potash, 
but easily resolved by hot alcoholic pobish into phenol and phosphenylic acid. 

Phenyl phosphcnylate is also formed, together with the chloride, 
C*n\rO(OC"H*)Cl, by the action of pluwphorus oxychloride on phenol. This 
chloride is converted by boilitig water into ph enylphosphoiiyli c acid, 
C®lIM^().(OU)(OC®n''), and may thus be sepirated from the normal ether. The acid 
ether forms long capillary needles melting at 57°, dissolves sparingly in water, easily 
in alcohol, other, benzene, and alkalis. Its ammonium salt forms colourless needles ; 
the silver salt needles having a silky lustre (IMichaelis a. Kammcrer, Ber. viii. 48). 

iritropHoaplienyllc Add* C®lP(N(12).PO.(OH)‘‘', is obtained by heating phos- 
phenylic acid to lOO*^ with fuming nitric acid, and purified from unaltered phosphenylic 
acid by conversion into the barium salt {infra). It crystallises from ether in radiate 
groups of white needles, from -Nvater in cauliflower-like masses ; deliciuesces in moist 
air ; melts at 132°, resolidifies at 105°, and explodes wdiuii hoateil above 200°. 

The normal hariirm salt, C®ir‘'(N()’).PO.O-Ba+ 2H-0, is prepared by agitating the 
cold solution of the crmlo acid with barium carbonate, filtering, and treating tln^ 
undissolved siibstanco w'itli cold water as long as the filtrate gives a reaction of 
barium. Nitrophosphenylato of barium tlieu dissolves, while the phosphenylate 
remains behind. This salt is more soluble in cold than in hot water, 100 pts. water 
dissolving 0 844 pts. of it at 22° and 0*646 at 100°. 'fhe acid barium salt, 
(C®H'NO*PO*)*Ih>- + 211*0, crystallises in white lamin® much more soluble than the 
normal salt. The calcium salt, C*Il^(NO‘).PO.O*Ca i ^H*0, is a yellowish-white 
amorphous powder. The silver s«//,,C®H*(N()*).PO.(OAg)'*, obtained by precipitation, 
is a yellowish-white powiler, easily soluble in ammonia and in nitric acid, sparingly in 
water, and separating therefrom in white laminae. The lead salt, C“H\NO*).PO.O‘‘*Pb, 
is a white pulverulent precipitate. 

Solutions of sodium nitrophosphenylate give with ferric chloride a reddish, with 
cupric sulphate, on warming, a green flocculont precipitate ; with cobalt nitrate a violet 
precipitate ; with mercuric, bismuth, and zinc solutions, w'hito precipitates (Michaelis 
a. Benziger, Ber. viii. 1310 ; Lich. Ann. clxxxviii. 275). 

Amidopbosplieiiylio Aold, 0®IT\NH'-).PO.(OH)® (Michaelis a. Benziger, Ber. 
ix. 613 ; Licb. Ann. clxxxviii. 276). When nitrophosphcnylic acid is treated with tin 
and hydrochloric acid, stannous nitrophosphenylate fir«t separates as a bulky yellow 
precipitate, which is subsequently reduced to amidophqsphenylate ; and the liquid 
freed from tin by liydrogcn sulphide leaves on evaporation a red viscid mass, from 
which, by washing with alcohol, amidophosphonylic acid is obtained as a greyish- 
white powder. • 

This acid, when rocrystallised from hot water, forms thin, white, glistening 

* In a former paper by Benziger n. Michnelia {Ber, viii. 1310), it ia stilted that normal ethyl 
phosphcnylate obtained by the action of eiliyl iodide on silver phosphcnylate, boils at 2(57°, and the 
uiethylio ether similarly prepared at 247®. 



1678 PHOSPHENYLOUS ACID, 

needles, which at 280° acquire a bluish-green colour, and undergo decomposition 
100 pts. of water dissolve 0*43 pt. of the acid at 20", and 0*62 pt. at 100® ; in alcohol, 
it dissolves but sparingly, and in ether not at nil. Heated with soda-lime, it yields 
aniline and phosphoric acid. It dissolves readily in hydrochloric acid, forming a 
solution which is coloured permanently red by bleaching-powder. 

Stidium AmidophosphenylaU, C*H^(NH-)PO*Nn- + 3H*0, obtained by reducing the 
nitro-acid with sodium-amalgam, crystallises in white prisms, which effloresce over 
sulphuric acid. The silver salt^ C*H^(NH-)PO(OAg)'*, is a pale yellow precipitate, 
freely soluble in ammonia and nitric acid. The copper sail, C“H^(Nn‘^)PO*Cu, is a 
bluish-green powder soluble in acetic acid. The lead salt, C®H^(NH*)PO*Pb, is a 
white amorphous precipitate. 

Dlazoplioaplienylio Acid. When a hot solution of the amido-compound in 
nitric acid is treated for some time with nitrous acid and then concentrated, the nitrate 
of diazophosphenylic acid, N0*P0*H- + .3H20, sep.iratcs out, and may be puri- 

tiod by pressing and crystallisation from nitric acid. It forms white prisms, is freely 
soluble in water and alcohol, sp.nringly in other. It contains three molecules of 
water. It gives off 2 mols. HH) at 130®, molts at 188®, and explodes at a few degroe.s 
higher. The potassium salt, C*H^N*0*PO*K* + H’O, is obtained as a precipitate con- 
sisting of small yellow needles. The barium C“H^N“0“l*0“Ha + 3T1H), crysbil- 
lises from water in reddish-yellow glistening noodles, which lose their water at 130° ; 
it is very explosive. The silver salt, C*H‘N*O^PO“Ag% is a red, amorphous, very 
sparingly soluble powder. The lead salt, C^H^N^O’POTb, is a yellow powder. The 
aqueous solution of the free acid is very stable, and does n')t give off nitrogen on 
Ixiiling; it does not show the reaction of nitric acid until boileil with an alkali 
(Michaelis a. Honziger, loc. cit.) 

PK0SPBZSirY1.0VS AGXD, CHI’PO*--. C‘*lP.P(OHr (xMichaclis a. Ananoff, 
7?cr. vii. 1688). This acid Is formed w'hen phosphenyl dichloride is allow'ed to drop 
gradually into water, Jind sopanites on heating the liquid product to boiling, and 
filtering, either as an oil or in white leaflets: 

CHPPCP -H 2IP0 = C«IIT(OH)2 + 2I1(T. 

100 pts. of boiling water dissolve 211 pts. of phosphenylous acid, while 100 pts. 
of cold water dissolve only 7*23 pts. The acid is readily soluble in alcohol, and 
melts at 70®, but decomposes at a higher temperature (170°--250®) in accordance with 
the equation 

3C'»IPP(OH)‘^ = CWPIP + 2C«H« -I- 2TTP03. 

Probably this decomposition tak»^s place in two stages, thus : — 

(1) . 3C‘ipP(on)* r. + 2 C“ippo(oh)2. 

(2) . C'drTO(oii)* = po^ii -H c«ip. 

Phosphenylous acid is monobasic, and reduces mercuric chloride to calomel, 
sulphurous acid to sulphur, and silver nitrate to the metallic state. 

The following salts have been obtained : — C®H'*PO-KIT + 2ir“0. deliquescent 
needles; OlPPOTIiNH'), deliquescent rhombic tivbles ; (C“iPPO-ir)*Ca, foliated 
crystalline mass : (C®lPPO'HI)-Ba f 4H’-0. shining rhombic crystals ; (C®H*P(Pll)"Pb, 
slightly soluido needles; (C®JPPO‘‘*II)®Fo, white amorphous precipitate. 

When phosphenylous acid is treated with phosphorus pentachloride, an action 
takes place, resulting in the formation of phosphcnyl oxychloride, thus: 

OPH(OH)C®H» + 2PCP = OPCRC«H» + POCP + PCP + 2HCI. 

This reaction points to the conclusion that phosphenylous acid is correctly repre- 
sented by the constitutional formula OPH(01I)C“H*, and phosphorous acid by the 
corresponding formula OPH(OH)'‘*, as already inferred from the action of that acid on 
phosphenyl tetrachloride (p. 1675). 

When phosphenylous acid is subjected to the action of chlorine, the H-atom 
attached to the phosphorus is not replaced by chlorine, but a brisk reaction takes 
place, resulting in the formation of pyrtjphosphenylous acid and phenyl-phosphine, the 
latter being subsequently carbonised by the excess of chlorine. 

PBOSPBZDS8. On Hydrogen Phosphide, see Phosphines. 

Metallic Phosphides. — Many of these compounds are decomposed by heat, 
and cannot therefore be obtaine<l by the action of phosphorus on metals at high 
temperatures under ordinary atmospheric pressure. Complete union, however, may 
frequently bo effected by heating the metals in the form of wire or foil with phos- 
phorus in sealed glass tubes, protected by enclosing them in iron tubes filled with 
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niHgoesia, a dull red lieat buin^ kept up for eight to ten hours, and the tubes being 
opened in an atmosphere of carbon dioxide. 

Copper jphoaphidc, CuP, thus prepared, is a pulverulent silvery mass, of sp. gr. 5’ 14, 
insoluble in hydrochloric acid, oxidised by nitric acid. Magnesium phosphide is a 
bluish-green very unstable substance, oxidising rapidly to phosphate on exposure to 
the air. Silver phosphide^ AgP, is black and very brittle ; leaves metallic silver when 
ignited. Cadmium phosphide, Cd*P, is a greyish or sometimes silver-white mass, 
dissolving in hydrochloric acid with evolution of phosphine. Zinc phosphide, Zn*P“, 
is a crystalline mass. No other phosphide of zinc was obtiiined by the process above 
described (comp. v. 1073 ; vi. 1134; vii. 1214). 

Tin phosphides, SnP, and SnF-*, were obtained according to the proportion of 
pliosphorus used. The first is tin- white ; the second black and brilliant, and splits 
into thin plates. Sp. gr. of SnP' =4*91 at 12°. This compound is not attacked by 
hydrochloric acid. Aluminium and mercury were not attacked when heated with 
phosphorus as above descriljed ; iron only superficially (Emmorling, Ber. xii. 162). 

On the preparation of Metallic Phosphides by precipitation, see vii. 949. 

PBOS'PHXN’SS. Thosphine, or Gascons Hydrogen Phosphide, PIP, may be 
obfciincd in the pure state by decomposing phosphonium iodide with water, or by the 
action of sodium ethylate on phosphorus in alcoholic solution; aqueous or alcoholic 
solutions of ammonia yi(5ld only traces of phosphine. The formation of spontaneously 
inflammable phosphine by the action of aqueous alkalis on phosphorus is not prevented 
by the presence of glycerol. 

Phosphine reduces sulphuric acid with ex tmord inary energy, but without at first 
producing any visible alteration ; as soon however as the acid is saturated with the 
gjis, it suddenly becomes so hot that the phosphine is set on fire. If the liquid be 
cooled, sulphurous acid is formed and sulphur deposited. With an alcoholic solution 
of mercuric cyanide, pliosphine produces a yellow precipitate extremely sensitive to 
liglit and containing mercury, cyanogen, phosphorus, and hydrogen. A similar, but 
rod-brown, and still more easily alterable precipitiitc, is formed in an alcoholic solu- 
tion of mercuric cyanide by arsine, AslJ®. Stihine, SbH", reduces mercuric cyanide 
even more energetically, throwing down nothing but metallic mercury (W. B. Hodg- 
kinsou, Chem, News, xxxiv. 14, 07, 167). 

Phosphine is slowly decomposed by sulphur in sunshine, yielding reddish-yellow 
pliosphorus sulphide and hydrogen sulphide : 2PH* -»- 6S = P‘S® + 3I1‘S (F. K. 
Jones, Chem. Soc. J. xxix. 648). 

On the preparation of Phosphine Ilydriodide, or Phosphonium Iodide, PH^I, see 
A. W. Hofmann (vii. 961). On the reaction which takes place in the formation of 
this compound, see K. Lissenko {Bcr. ix. 1313 ; Chem. Soc. J. xxxi. 46). 

Liquid Hydrogen Phosphide, P-II'. — The following method of preparing this com- 
pound for lecture experiments is described bj" Hofmann {Ber. vii. 631). A thick- 
walleil U-tube, three or four millimeters in diameter, and provided with a stop-cock 
on each arm, is surrounded by a freezing mixture (16^ to 20^), and receives the phos- 
phoretted hydrogen prepared from 30 to 60 grams of freshly made calcium phosphide. 
A wide glass tube in the cork of the generating flask, dipping beneatli the surface of 
the water (at about 60^), servos for the introduction of the phosphide. While the 
liquid is being collected, spontaneously inflammable phosplmrottod hydrogen escapes ; 
and on disphu.’ing this by a stream of carbon dioxide, the bright flame is replaced by a 
scarcely luminous green llaine, of so Idw a temperature that a taper cannot be lighted 
at it. This flame is caused by the liquid phosphorotted hydrogen in the stream of 
carbon dioxide coming in contact with the air. The carbon dioxide may bo replaced 
by a stream of some combustible gas, e.g. hydrogen, and a luminous flame again 
obtained. 

On Isopropyl-, Isobutyl-, and Isopentyl- or Amyl-phosphines, see vii. 955. 

Trimeihylphosphine Hydriodide, P(CIF)*HI, is formed l)y heating 1 pt. carbon 
disulphide with 3 pt.s. phosphonium iodide in a sealed tube at 160°: 

3CS* + 4PHH = P(CH»)».HI + + 3PSI. 

On cooling, the contents of the tube solidify to a brown crystalline mass mixed here 
and there with red needles ; and this product, mixed with soda-ley and agitated with 
ether, yields trim<?tliylphosphino with all its characteristic properties (iv. 609). The 
red crystals contain phosphorus, sulphur, and iodine (Drechsel, J. pr. Chem. [2], 
X. 180). 

Pbenylpbospbinei C®H^PIP. Phosphaniline (Michaelis, Bcr. vii. 6; Kohler 
a. Michaclis, ibid. x. 807). This base is formed, together with phosphenylic and 
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phoBphenylous acids, by the action of alcohol on phosphenyl-hydrogen iodide, accord' 
ing to the equation, 

4(C«H»PI*.HI) + 12C*H»OH = + 2C«IPPO»ll- + O^H^PO^H- + 4H‘0 

+ 12C-^U*I, 

the phosphenylous acid being further resolved* on heating into phosphenylic acid and 
phenylphosphine : 

3C«1I*P0»H* = 2C«H*P0*I1* + C‘HTH=. 

The residue left after distilling off the alcohol yiplds, when heated above 2o0°, a 
mixture of water, benzene, and phenyl phosphine, the phosphenylic aciil being fir>t 
resolved into water ami pyrophosplienylic acid, 2C“H-'PO®H- - H-O -i (^'"il ■‘*p■-()^ and 
the latter at higher temperatures into benzene and P'O^, wbic.h witli the water forms 
metaphosphoric acid. Phenylphosphine may also bo prepared by adding phosphnnyl 
dicliloride (p. 157d), holding phosphorus in solution, gradually, and with agitation, to 
excess of alcohol, and distilling the filtrate in a stream of carbon dioxide. 

Phenylphosphine is a colourless, highly-refractivo liquid, having a pungent odour, 
a density of rOOl at 15'^, and boiling at 160°-161°. Witli free oxygen it combines 
onergetiftilly to phosphenylous acid, the action being attended witli infiammation 
unless the liquid is cooled. It also unites directly with forming phenyl- 

phosphine sulphide, a thick liquid, w'hicli on continued heating breaks 

up into isophospliophen yl sulphide (p. lo75), phenylphosphine, and hydrogen 
sulphide : 2C*H^I^II“= C*H*PiS + C®H^PJr‘+ H-'S. The action of sulphur on phenyl 
plio.-sphiue likewise gives rise to a crystjtllino substance, insolulde in ether, whicii 
appears to be triphosphenyl sulphide, (C“H*P)*S; it molls at i;i8’, is also 
soluble in hot nitric acid, and does not separate on cooling. 

VJicnylphosphoniuni iodide, C^H^PH®!, is produced by direct combinatiou of 
phenylphosphine with dry hydrogen iodide. It forms white noodles, which, by 
heating in an indifferent gas, or by contact with water, are resolved into hytlriotlic 
acid and phenylphosphine. 

Phenylphosphine is but slightly soluble in concentrated hydrochloric acid, but 
the solution mixed with platinum cldoride yields phcnylidiosphonium platiiioclilorido, 
(C«]PPH>CT)2PtCP. 

C«IPP(C-H*)2(MichauIisa. Anaiioff, Bee. viii. 493). 
The zinco-chloride of this base is formed liy gradually adding pliosphenyl dichloridn 
to zinc-ethyl, both being diluted with benzene ; and remains on removing the solvent 
by distillation as a viscous liquid which, wdieii decomposed by .sodium carbonate arirl 
then saturated with caustic polu.sh, yields the free basr in the form of an oily lay» r. 

Diethylphonylphosphine is a colourless pungent liquid, boiling at 221-9° (corr.), 
and havisig a spei-ific gravity of 0*9671 at 13°. Jt is but slowly oxidised in the air, 
but if heated in oxygen, it explodes anti deposits carbon. Pure chlorine causes its 
ignition, but chlorine diluted with air converts it into the normal chloride, 
PC"H^(C'‘‘H")*Cl^ and sulphur unites with it, forming the corresponding sulphide. 
Diethylphcnylphosphine, though a di.stinctly characteri.serl base, docs not yield well- 
defined salts. With hydrochloric acid, it yields a solid monoliydrochloride and a 
liquid dihydrochloride, both unstable and ill defined; platinum chloride added to the 
hydrochloric solution of the ba.se throws down a crystalline yellow salt, containine 
[PC*H»(C-^H-)'^HCl]^PtCl®. •• 

Diethylphenylphosphine chloride, (C*II^)2C«IPPCr% is produced as above indicated, 
and forms a thick oily liquid which fumes slightly in the air, and has a faint but not 
disagreeable odour. Heat decomposes it, with separation of carbon, but if strongly 
cooled, it becomes solid and crystalline ; when dissolved in cold water, it yields an 
opalescent solution which becomes clear on heating. 

Dkthylphenylphosphine oxide, (C=‘IP)2C®H»PO, is very slowly formed by direct 
oxidation, but can be readily prepared by evaporating an aqueous solution of the 
chloride and removing the last trace of hydrochloric acid by means of silver oxide. 
The crude oxide when distilled condenses to a crystalline solid, which has a fruity 
odour, is very soluble and deliquescent, melts at 66°-56°, and boils above 360°. 

Diethylphenylphosphine sulphide is a viscous substance, formed by the direct 
combination of the base with sulphur, ft is almost insoluble in water, has an un- 
pleasant smell, solidifies in a freezing mixture, and boils above 360°. 

Triethifiphenylphosphonium irjdide, (C*II»)*C*1I'PI, is produced by ihe direct union 
of diethylphenyl phosphine and ethyl iodide, and forms white needles which melt at 
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116°, and are not decomposed by aqueous potash, but silver oxide acts on it, with 
production of the hydroxide, a white crystalline alkali, capable of precipitating 
aluminium or copper salts. The plutinochloride, [PC®Hs(C*H*)*Cl]* + PtCP, crystal- 
lises in orango-yollow leaflets, melting below 100®. 

Melhyl-diethylpke>iyl2i1to^1ioumm iodide, (CH*)(C'‘*H®)*C*1I*PI, prepared in the same 
manner as the corresponding triethyl-compound, methyl iodide being used in the 
place of ethyl iodide, forms snow-wliitb crystals, which melt at 96®. The hyd/roxide 
and platinum salt resemble those of the ethyl-base. 

Dimethylphenylphosphine, (CH*)'''.PC*H*, prepared like the diethyl com- 
pound, forms a colourless, highly refracting liquid, insoluble in water, boiling at 192° 
(corr.), and having a specific gravity of 0*9768 at 11®. It has a much more powerful 
odour than the diotbyl-baso ; oxidises quickly in the air ; and forms a solid mono- 
aiul a liquid di-hydrocliloride. 

The iodides, hydroxides, and platinoehlorides of ethyldimethylphenylphosphonium 
and trimethylphenylphosplionium have likewise been prepared. 

PHOSPHZXrZC ACZBS. These acids, represented by the formulm Pfl^RO’ 
and P11K“(P, or PO(OII)“ll and PO(OII)l{-, R denoting a monatomic alcohol-radicle, 
are formed from the primary and socoiulary phosphines by fixation of 3 and 2 atoms 
of oxygen, and may be regarded as orthophosphoric acid, PO(OH)*, in which one or 
two of the OH-groups is replaced by an alcohol-radicle. The phospliinic acids of the 
fatty series have already been described (vii. 966); also pheiiylphosphinic acid, 
PO(OH)‘C‘*K®, at p. 1676 of this volume under the name oi phosijhenylic acid, 

Diphenylphaaphinic acid, PO(OH)(C“H*)-, is formed by heating 1 mol. 
phosphonyl dichloride with 2 mols. mercury-diphenyl and benzene to 160°. It dis- 
solves in boiling hydrochloric acid, and crysUdlises from boiling nitric acid in long 
neodlo.M. It is insoluble in wutc-r, slightly soluble in told alcohol, and melts at 174°. 
Its silver salt crystallises in white silky needles (Michaelis a. Graff, Her. viii. 922, 
1301). 

PHOSPHOBBNZSXrS, or DZPHOSPKSKTYZi, C>>lP"P = C"n\Pr-P.C*<IP, 
is pn pared by adding phosphenyl dichloride (16 gr.) in drops to phenylphosphine 
(20 gr.) in a reflux apparatus through which a stream of dry hydrogen is passed : 

c«ippir^ -h 0“ippcr- = 211C1 + 

At the end of the reaction, which must be assi.stcd by gentle heating to remove the 
last traces of hydrochloric acid, a residue is obtained consisting of diphosphenyl in 
the form of a yellowish powder ins«)luble in hot water, also in alcohol nnd in ether. 
This ‘.•oinpound, on exposure to air, is oxidised to diphosphenyl oxide, or 
tMl\Pv 

oxy phosphobenzonc, | V). 

C“n*.P^ 

J>y oxidation with niinc acid it is converted into pho.sphcnylous or phosphenylic 
;u‘id. Chlorine act.s violently on phosphobenzene, producing inflaTninatioii ; when 
diluteil with carbon dioxide it aets more regularly, forming phosphenyl diehloride ; 
oxyphosphobonzeiie similarly treated yiehls the dieldoride and oxychloride of phos- 
pheiiyl, Jli/drochloric add converts phosphul)enzene into phenylphosphine and 
pho>phcnylous acid. Strung sulphuric acid deccunposes it, with evolution of sulphur 
dioxide ; dilute sulphuric acid and alkalis do not act upon it. 

PHOSPHOMOZiYBDATSSf iSeo Moi.ybdknum (p. 1335). 

PBOSPHOBZTB. Sue Phospiiatks (p. 1597). 

PHOSPBOBITS. Occurrence in Ancient Iron. — A scoria produce d in Roman or 
hitruscaii times from the specular iron ore of Elba, was found to contain. 0*34 per cent. 
P-0\ which is about eight times ns great as the pi^oportion in the natural ore, usually 
0 04 per cent. A piece of metallic iron from the same district gave 0*096 per cent. P ; 
•itlior specimens trom 108 to MO per cent. (A. E. Arnold, Chem. Actea, xl. 13»). 
Oil the proportion of phosphorus in Belgian iron ores and in the pig-iron and malleable 
iron prepared i herefrom, see p. 1111. 

Determinations of the Specific Gravities and Expansion-coefficients of phosphorus 
ill the solid and liquid states have been made by Pisati a. De Frauchis (p. 936). 
According to the same authorities phosphorus molts at 44*4°-44*6°, and boils under 
762 mm. at 278*3®. 

On the VliosphorcMience of phosphorus, .see Jouhort (Conipt. rend, Ixxviii. 1853). 

Crystals of rhosphurns. — W. D. Ilerniaun {Ikr. vi. 1416) has obtained crystals of 
phosphorus by j)laeiug a piece of phosphorus at one end uf a tube, exhausting the air 
with a Sprengel pump, then melting the pliosphorus, and keeping it in the dark. After 
a tew hour.*!, a row <»f sliining points becomes visible, and these in two or three days 
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grow to distinct crystals, attaining in a month or six weeks a diameter of 3 to 5 mm. 
They are colourless and transparent, with diamond lustre and great refracting power, 
but become yellow and opaque on exposure to light. According to Maskelyiie 8 
measurements, they exhibit the faces of the cube, octoliedron, dodecahedron, tetrakis- 
hexahedron, triakis-octohedron, and ikositotrahedron. 

Eed phosphorus may be obtained in the crystalline state by heating ordinary 
phosphorus nearly to the softening point of difficultly fusible glass (about 603®). The 
allotropic phosphorus thus obtained had in the compact state the aspect of a violet- 
black fused body, with couchoi'dal fracture and translucent edges, and the cryst als w'ere 
found in cavities of this mass (Troost a. Hautefouille, Comjpt. rend. Ixxvi. 1175). The 
same authors also find {ibid. Ixxviii. 748) that the density and heat of combustion of 
red phosphorus vary continuously according to the temperature at which it has b(*en 
prepared, and it is only in the crystallised shite, obtained as above, that red phos- 
phorus exhibits the characters of a dehnito chemieal species. Its density in this state 
is 2 34 at 0°, and 1 gram in burning evolves 6272 gram-degrees of heat. Phosphorus 
prepared by heating for 650 hours in an oil-bath at 265° has a density of 2*148 at 0°, 
and 1 gram in burning gives out 320 heat-units more than crystallised red phosphorus ; 
ordinary red phosphorus gives out 680 units more ; the product obtained at 360° has 
a density of 2*19, and gives out 290 units more ; that prepared at 500® has a density 
of 2*293 and likow'ise a greater heat of combustion. w*hcroas the heat of combiislioii of 
the fused product obtained at 180® is loss by 60 units than that of crystallised red 
phosphorus. Hittorf, by heating red phosphorus to 530° in a vacuous tiiVie and 
allowing the vapour to condense in the upper part heated only to 447®, obtained it in 
rod crystals which he describes as rhombohedrons approaching very nearly to the 
cube (vi. 933). 

The phenomena attending the conversion of ordinary into red phosphorus are 
analogous to those observed in the conversion of liquid cyanic acid into cyanilblo 
( vi. 518). The vapour of the phosphorus first acquires the maximum tension corrcspoix •- 
ing with the temperature at which the change takes place; and this tension gradually 
diminishes during the formation of the red phosphorus, till it attains a certain value 
representing the transformation-tension at the same teniperaturo. The following 
table shows the two tensions observed at different temperatures : 


TemiX'nituif 

Maxiiiiuiii-tciiKioii 

Transformatioii-tunKion 

360 

3*2 

0*12 atm. 

440 

7-5 

175 

487 

— 

6-80 

494 

18*0 

— 

603 

21*9 



610 

— 

10*8 

611 

26*2 

— 

631 

— 

160 

650 

— 

31*0 

o77 


660 


The black phosphorus, obtained, according to Blondlot (iv. 503;, by smlden 
cooling of melted phosphorus, previously di.stillcd in a stream of hydrogen, is, acconl- 
ing to E. Hitter {Compt. rend. Ixxviii. 192), a mixture of pho.sphorus ivitli phosphidi? 
of arsenic. From pure phosphorus Ritter wa.s unable to obtain a black modilicatiwn ; 
but after fusion under a solution of arseniou.s or arsenic acid, aud remaining for some 
time in contact “with the solution, it became black ; and on treating it with carbon 
sulphide, the pure phosphorus di.ssolvcd out, and phosphide of arsenic was loft in the 
firm of a shining black ptrwdcr having nearly the coiupc)sition As'^P. 

Reactions, Detection, Estimation. — Pure phosphorus precipitates gold, 
copper, and palladium from solutions of their salts in the metallic .state; silver as 
phosphide; whereas platinum^ uranium, nickel, iron, zinc, cadmium, and cobalt are not 
precipitated by phosphorus (Bottger, (Jhem. Centr. 1878, 208; compare iv. 506). 

On the detection and estimation of Phosphorus in Iron and Steel, see Iron (p. 1102). 

For the detection and separation of phosphorus in Food-rcstdacs, and other fatty 
substances, A. von Bastolaer proposes a method depending on the solubility of 
phosphorus in ether, and its complete indifference to a strong solution of ammonia. 
The substance to bo tested, after being mixed with water to a thin paste, is briskly 
agitated several times with ether; the ether is left to evaporate at. the ordinary tem- 
perature in a shallow dish ; and the residue is carefully treated with warm water at 
6()°-60®, wherou^n the phosphorus, with part of the fat, collects together under 
the water, to a liquid spherical mass from which the fat may be dissolved out by 
strong aqueous ammonia {N, Jahrh. Pharm. xl. 24 ; Pharm. J. Trans. [3], iv. 322). 
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Detection and Estimatwn of Phosphoric Acid . — Small qaantities of free phosphoric 
acid in solution may be detected by introducing a ring of platinum wire, wetted with 
the liquid, into a colourless hydrogen-flame close to the end of the efflux-tube, where- 
upon, if phosphorus is present, the flame immediately becomes green. The presence 
of soda interferes with the reaction ; if metallic or earthy -alkaline phosphates are 
present, it may be developed by moistening the loop of wire with sulphuric acid 
(F. Helmi, Gazs. chim. ital. 1876, 34). - 

The following method of detecting and estimating phosphoric acid by the blow- 
pipe, depending on the opalescence imparted to a borax-beJid by a certain quantity of 
phosphoric acid, is described by A. W. Ross {Chem. Nows, xxxii. 21 7). This opalescence 
is directly produced by the phosphates of the alkali -metals and heavy metals, also by 
cast-iron, many tourmalines, axinite, and similar minerals. Its strength may be deter- 
mined by comparison with a bead of the same size, to which the same degree of opal- 
escence has been imparted by a standard solution of phosphoric acid. The phosphates 
of the alkaline earths form white beads like snow-balls ; those of the earths form amor- 
phous fragments which float in the tninsparent borax-bead. To set free the phospliorie 
acid from these compounds, and develop the opalescence, the borax-bead is fused with 
about a third of its volume of magnesium sulphate, and the white opaque bead thus 
produced is made clear again by cautious addition of a small quantity of potassium 
carbonate. If now into a bead thus prepared there be introduced the smallest quantity 
of a phosphate, it will be decomposed on heating, and as the bead cools, the ch.-irac- 
teristic opalescence will appear, and may l)o compared with that of a standard bead 
prepared in a similar manner. 

Eslimatvm as Amwonw-magnesium Phosphate . — 'Fhe degree of accuracy attainable 
by this method has been carefully investigated by T. R. Ogilvio (Chem' News, xxxi. 
2H; xxxii. 6, 12, 70). Tho experiments wore made on a quantity of hydro-disodic 
phosphate containing 0*2021 gram P‘“0, with a nnignesia mixture containing in 1 c.c. 

0 0613 gram MgCF, 01401 gram NH^Cl, and 0 0191 gram NK*, the same excess of 
free ammonia being present in each experimenr.. The volume of solution was in every 
case about 100 c.c., and tho time allowed fi)r precipitation six hours. AVhen tho 
excess of magnesia used did not exceed 58 per cent, of that required, the results were 
absolutely correct ; with a large excess of magnesia tho results becamo rather excessive. 
WIaou sulphate oi nvaguesiuui was sul^stituted for the chloride, accurate results were 
obtained with an excess of 13 per cent., but with 58 per cent, and upwards tlu'y 
bccamo too high. Chloride of ammonium, up to 2*6 gi'ams, diminished but very 
slightly the weight of precipitates obtained with an excess of 13 and 58 per cent, of 
magnesia. Sulpliate of ammonium, up to 0*5 gram, had no effect with an excess of 
58 per cent, magnesia. O.xalatc and citrate of ammonium, or mixtures of the two, 
coiisidorahly diminished the precipitate when a small excess of magnesia was present, 
hut w'ith a large excess of magnesia tlie results were much too high. There is thus 
for every proportion of oxalate and citrate a proportion of magnesia wliicli wdll give 
an accurate rrsiilt by a balance of errors. When the solution contained 0*035 gram 
ferric oxide, 0*013 gram alumina, 0*5 gram ammonia, and 1 gram of citric acid, tho 
results with an excess of 58 per cent, and upwards of magnesia were rather too high. 
AVith the quantities of ferric oxide, alumina, and citric acid doubled, the results with 
the same magm\sia were distinctly loo low. The citric acid in both cases was sufficient 
to yield a precipitate free fmm iron. When the alumina, was increased to 0’26 gram, 
and the citric acid to 4 grams, tho results became very low. In tho last two ca.ses an 
increase in the proportion of magnesia did not increase the precipitate. The removal 
of the mother-liquor, and the s«)lution and reprecipitatioii of the ammonio-magnesic 
phosphate, is attended with loss if the original precipitate is pure, but if it contains 
an excess of magnesia Mio result may be correct^ the excess of magnesia hindering the 
solvent action of the ammonium salts. Precipitation at the boiling heat gives accurate 
results with pure solutions and a small excess of magnesia, but with a large excess of 
magnesia t he rc.'^ults are higher than in the cold. In presence of ammonium oxalate 
and tlie other salts mentioned above, the results obtained at boiling heat are more 
irregular, and generally higher than in tho cold. 

5"ho general conclusion drawn from these experiments is that the opposite errors 
<lue to tho solubility of ammonio-magnesium pho.sphate in oxalate and citrate of 
ammonium, and to tho precipitation of basic salts in presence of excess of magnesia, 
are the cause of a wide range of results in commercial aii!ily.sc.s, and that accuracy can 
be obtained only when tho phosphgric acid exists as .an alkaline salt, or is brought 
into this condition by tlie^ molybdic method. 

In a paper read by E. M. Dixon, before the Philosophical Society of Glasgow, 
January 18, 1875, it is shown that tho presence of largo quantities of sodium or 
ammonium sulphate increases tho weight of the ammonio-magncsic phosphate. Also 
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that oxabite and citrate of ammonium retard precipitation ; that, in the case of the 
oxalate, precipitation is complete in twenty-four hours : but tliat with a large pro- 
portion of citrate, and a small excess of magnesia, precipitation is incomplete even 
then. As the solvent action of the oxalate is certainly, and that of the citrate probably, 
removable by the use of excess of magnesia and long standing, Dixon suggests such a 
procedure as the first stage of the determination, the impure precipitate to be finally 
redissolved and reprecipitsited, in presence of a*veiy small excess of magnesia. 

J. Hughes {Chem, News, xxxi. 209) observes that the magnesia-method, when 
applied to the analyses of native phosphates, is apt to give results in excess, unless 
the original hydrochloric acid solution of the mineral has been previously evaporated 
to dryness, as in the contrary case the ammonia-magnesium phosphate may become 
mixed with more or less magnesium silicate. 

As Phosph&molyhdaie. — 0. Ilehnor {Analyst, 1879, 23) gives a review of all that 
has been previously contributed towards tlie estimation of phosphoric acid, either 
directly as phospho-molybdate, or indirectly by dissolving this precipitate in ammonia, 
precipitating with magnesia mixture, and weighing as magnesium pyrophosphate. 
The objection to weighing the dried phospho-molybdate precipitate is tliat it is found 
to contain percentages of phosphoric anhydride varying from 3- 1 4 to 3-9(). The 
explanation given by Lipowitz, that this variation is due to MoO’ nccornpjinying the 
precipitate in varying proportions, is confirmed by llchiier, wlio also finds that the 
quantity of MoO* precipitated increases with the temperature at w'hicli the precipitation 
took place. Hence low temperatures (30'’-35^ C.) should be employed. The molybdic 
solution is best prepared according to the directions of Fn*senius, by ilissolving 1 pt. 
of molybdic acid in 4 pts. of ammonia of 0-96 sp. gr., and pouring this solution slowly 
into 15 pts. of nitric acid of 1*2 sp. gr., avoiding all rise of temperature. When tlio 
precipitate was thrown down by means of tlie above molylxlate solution in a solution 
previously nearly neutralised by addition of ammonia, and at a low temperature, it 
was found to be free from molytjdic acid. It was soluble in 21,186 pts. of wjiter, in 
8,117 of strong alcohol, and in 13,513 of dilute alcohol : hence this precipitate may 
l)e washed with dilute alcohol without sensible 1o.sh, and this liquid is to bo preferred 
to water, because it docs not cause the precipitate to pass througli a good filter. 
Direct experiment showed that no one of these tlireo liquids dissolved the precipitate 
sensibly when used for washing. 

To obtain the precipitate in a form suited for weighing, the phosphate is pre- 
cipitated with the precautions already mentioned, avoiding too great concentration of 
the solution, which encourages the simulUineous precipitation of molybdic acid. This 
precipitate is waslied with dilute alcohol, leaving as much of the precipitate as 
possible in the beaker, the precipitate is dissolved from the beaker and filter by 
ammonia solution, and tliis solution is evaporated to dryness on the w’ater-bath, the 
evaporation being several times repeated after the successive addition of small 
quantities of water. The precipitate then comsists of ammonium phosphate and acid 
ammonium molybdate. It may be dried at 100° and weighed, a constant weight 
being quickly obtained, since all the ammonia whicli ordinarily escapes during the 
drying process has been removed by the repeated evaporations. The weiglit of th*s 
precipitotc divided by 28'5 gives the weight of the phosphoric unhyilrido present. Com- 
parative results obtained by thi.s metliod and by weighing as magnesium pyrophosphate 
were closely concordant. The precipittitioii requires only tw’o or tliree hours, and tht 
estimation may be easily completed in a day. Tl^e molybdic acid may be recovered 
from the residues by acidifying with nitric acid,* adding sodium phosphate, dissolving 
the precipitate formed on healing in ammonia, precipitating the phosphate with 
magnesia mixture, and the molybdic acid from the filtrate by nitric acid. The 
molybdic acid is then filtered, washed, and dried. 

See also Finkener {Bcr. x. 1638 ; Cltem. Soc. J. xxxvi. 275). 

According to R. W. Atkinson News, xxxv. 127), silica, if present, must be 

separated previous to the precipitation of pliosphoric acid by ammonium molybdate ; 
according to E. H. Jenkins, on the other hand {Sill. Am. J. [3], xi. 204), the presence 
of silica does not interfere with the result. 

0. Kerschelt {Dingl. pol, J. ccxxv. 158) precipitates phosphoric acid with a solution 
of potassium molybdate prepared by di.s.solving 1 pt. MoO® in 2 pts. KIIO in 12 pts. 
hot water, mixing the cooled liquid with a solution of 1 pt. tartaric acid in 4 pts. 
water and with 15 pts. nitric acid, then boiling and filtering. The precipitate of 
potassium phospho-molybdate dried at 129'° contains 3 956 per cent. P®0*. 

As Uranic Phosphate (iv. 544).— According to A. Kitchin {Chem, iV'eti;.?, xxvii, 
199), this salt is least soluble and is precipitated most quickly when the solution 
contains a sufficient quantity of ammonium acetsite, i^nd only a slight excess of acetic 
acid. After washing, drying, and ignition, the precipitate should he repeatedly 
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moistened with nitric acid and re-ignited till its colour is no longer green, but pure 
yellow. Its composition is represented most nearly by the formula U'-'P^O" or 
2U0M«'0'‘ [U-240]. 

Bolohoubek {Bdim. Ges, Ber, 1876, Heft. 4), after precipitating the phosphoric 
acid with uranic acid, reduces the precipitate to uranous phosphate, determines the 
quantity of uranium in the resulting acid solution by means of a standard solution of 
permanganate, and thence deduces the amount of phosphoric acid present. 

As Bkmuth Bhosp1iate,~E. Hransard {Amer, Ghem. vi. 401) recommends a modi- 
fication of Chaned’s method (iv. 643), which consists in carefully neutralising the 
acid solution with sodium carbonate before adding the bismuth nitrate, and fusing the 
dried precipitate of bismuth phosphate and other liasic bismuth salts with sodium 
carbonate in a small porcelain crucible, whereby sodium phosphate and metallic 
bismuth are formed. The sodium phosphate is dissolved out by water, the solution 
acidulated, and the phosphoric acid precipitated by ammoniacal solution of calcium 
chloride as calcium phosphate, which is then treated in the usual way. 

Volumetric Methods . — An acidi metric method for the estimation of phos- 
phoric acid and the quantity of alkali which must be added to a mixture of soluble 
alkaline phosphates to bring it up totrisodic phosphate, Na*.PO\ is described by Maly 
a. Hinterbcrger {Zeitschr. anal. Ghent. 1876, 417). The solution is first made alkaline 
with excess of soda-ley, so as to ensure the formation of trisodie phosphate, and 
barium chloride is then added, whereby the whole of the phosphoric acid is precipitated 
as l)arium phosphate, and it only remains to determine the excess of alkali added by 
back titration, which may be done with normal hydrochloric acid, using corallin as 
indicator. The liquid must be kept hot, but it is not necessary to remove the barium 
phosphate by filtration. The method is especially applicable to free phosphoric acid 
and alkaline phosphates, but the solution must not contain any salts of the hoai'y 
metals. 

J. Maengno {^Gazz. chini. ital. 1874, 667) estimates phosphoric acid voliimetriciiUy 
by precipitating it as ammonium phosphomolybdate, reducing the molybdic acid 
tliercin contained to Mo‘0* with zinc and sulphuric acid, and reoxidising this oxide 
after removal of thf? zinc with a stand.ard solution of permanganate, 

A modification of J,iebigs volumetric method of estimating phosphoric acid, viz. 
precipitation in acetic acid solution with a standard solution of ferric chloride, with 
potassium fcirocyanide ns indicator, has been proposed by W. Stoddart {Amtr. Ghent. 
v. 236), consisting in the substitution of ihiocyaiuite for the ferrocyanido, whereby 
the recognition of the end-reaction is greatly facilitated. 

Comparison of various Methods. — M. Joulin {Ghem. News, xxvii. 228, 309, 314) 
has made comparativt' experiments on the various methods in use for the estimation 
of phosphoric acid, from which he draws the following conclusions. The precipitation 
of phosphoric acid by ammonia and a maynesium salt, in presence of an excess of 
ammonium citrate, affords an excellent method of separating phosphoric acid from the 
bases usually associated with it, but tlic results obtained by direct 'weighing of the 
precipitate are too high. Tin' separatitiii of phosphoric acid by uranic nitrate from a 
solution sliglitly acidulated with acetic acid, gives results which are too low, if lime, 
ferric oxide, or alumina is likowi.se prc'sent. The most exact results are obtained by 
precipitating the phospliorie acid with a solution containing 400 grams citric acid and 
20 g. magnesium carbonate in 200 litres of water mixed witli 600 c.c. ammonia of 
22" B. This liquid is to be diluted with water to 1 litre. In the resulting pre- 
cipitate the phosphoric .uci*! is estimated by titration with uranium solution. 

Experiments on the relative accuracy of various methods of estimating phosphoric 
acid have also been made by Abes.ser, Jani a. Miircker {Zeitschr. anal. Ghem. 1873, 
239 ; Chem. Soc. J. xxvii. 387), who find that in the precipitation with magnesia- 
mixture, exact results are obtained only w'hen this mixture is prepared with chloride 
instead of sulphate of magnesium, as in the latter case, the precipitate is always mixed 
with a certain quantity of basic magnesium sulphate which, if not compensated by the 
solubility of the ainmonio-magnosium phosphate, is likely to make the results too 
high. With regard to the time required for complete precipitation of the phosphoric 
acid, they find that witli a solution cont^aining O'l to O'ld g. phosphoric acid in 110 c.c. 
three OP four hours standing is quite sufficient For the separation of phosphoric acid 
from the alkaline carth.s or heavy metals, they recommend precipitation with ammonium 
molybdate, the digestion being continued from Tour to six hours. 

Among volumetric methods of estimating phosphoric acid, Abesser, Jani a. Marcker 
have especially examined the uranium method and the results yielded by it with 
acid calcium phosphates, which, as a rule, they find to be lower than those obtained by 
gravimetric methods. 

VoL. VIII. 6 K 
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Fresenius, Neiibaiier, and Luck {ZeUschr.f. anal, Chem, z. 138) found that from 
a warm acotic acid solution of calcium phosphate, especially if the solution be too 
concentrated, calcium phosphate may separate as such, and thus escape titration with 
uranium acetate ; and they proposed to modify the reaction so as to add the phosphatic 
solution to a measured quantity of uranium solution as long as pohissium ferrocyanide 
gives a reaction (vii. 969). Abesser, Jani a. Marcher used solutions of phosphates in 
cold acetic acid, and applied heat only when nearly the whole of the phosphoric acid 
had been precipitated by the uranium acetate. They found, however, that the 
quantity of P‘0* in aqueous extracts from superphosphates, when determined gravi- 
raetrically by means of magnesium chloride mixture, differed on an average by + 29 
per cent, from that obtained by a uranium solution titrated with a solution of sodium 
phosphate. On examining the latter precipitate for lime, after separating the phos- 
phoric acid by Reissig’s method, and the uranium by means of ammonium sulphide, 
4*15 per cent, of CaO were found. Hence they inferred that the strength of the 
uranium solution used in estimating phosphoric acid in superphosphates should be 
determined by a solution of the latter instead of by sodium phosphate. For this 
purpose they employ tricalcic phosphate free from neutral phosphate and other 
admixtures, dissolved in the least possible excess of nitric acid, the strength of the 
solution being determined as above, by evaporation and ignition and weighing of the 
residual tricalcic phosphate. They further observe that in presence of ammonia salts, 
the titration of the phosphoric acid may come out somewhat too low, but that this 
error may be avoided by using a solution of uranic acetate instead of nitrate, or by 
titrating the solution of uranium nitrate with calcium phosphate, with addition of 
ammonium salts. Solutions of uranic acetate containing excess of acetic acid are not 
altered by light. 

For the estimation of ‘ soluble’ phosphoric acid— in case the process of washing 
out is found to be too tedious, and recourse must be had to digestion — it is recommended 
that the time of digestion be shortened <is much as possible, in order to avoid increase 
or diminution of the quantity of soluble phosphoric acid during the process. 

Reparation of Phosphoric Acid from Ferric Oxide and Alumina. — The various 
methods proposed for the separation of phosphoric acid from these bases have been 
subjected to comparative examination by W. Flight {Chem, Soc. J. xxviii. 692) with 
the following results : The method of separating phosphoric acid from alumina by 
means of silica or potassium silicate^ proposed by IJerzelius and by Fuchs (iv. 648), 
not only presents great difficulties, but gives results which are too low. That of 
Otto, which consists in precipitating with magne.sia-^nixture while the alumina and 
ferric oxide are held in solution by tartaric acid (iv. 547), is likewise inexact, because 
the precipitated ammonio-magnosium phosphate is apt to get mixed with a magnesium 
salt of the organic acid ; and further, as shown by Knapp {Zeitschr. anal. Chem. iv. 
151), and contirmed by Pribram {ibid, v. 208), bt*causo the ammonio-magnesium phos- 
phate is soluble in excess of tartaric acid, especially when alumina is present. The 
method is not improved by the substitution of citric for tartaric acid. Wackenroder’s 
method of digesting the hydrochloric acid solution of ammonia and phosphoric acid 
with hariim carbonate and then YnXh. polash-ley {Arch. Pharm. [2], Ivii. 17), also gives 
inexact results, inasmuch as the phosphoric acid is not wholly carried down in the 
baryta-precipitiite. The molybdic acid method, as proposed by Sorinenscliein (iv. 646) 
and modified by O^lvie (p. 1683), yields sufficiently accurate results, but it requires 
a nitric acid solution, which is not always available. Rose’s method of separating 
phosphoric acid from ferric oxide by fusion with an alkaline cartmiafc always yields 
an iron oxide still retaining phosphoric acid. Reynoso’s method, modified by Reissig, 
of precipitating the phosphoric acid as stannic phosphate, cannot be used in presence 
of large quantities of iron oxide or alumina ; it is, moreover, affected with an error 
arising from the contamination of commercial tin with arsenic. Rose’s method with 
mercurous nitrate (iv. 643) is likewise defective on account of the difficulty, already 
pointed out by Schweizor {Bcr. iii. 310), of completely expelling the nitric acid by 
evaporation, and oven as modified by Munroo (vii. 967), it is not applicable to the 
separation of phosphoric acid from ferric oxide. The method of precipitating the 
phosphoric acid and ferric oxide together by ammonia, and digesting the precipitate 
with ammjonium sulphide, requires, according to Schweizer, a repetition of the treat- 
ment, and even then does not yield exact results. The bismuth-method (p. 1585) is 
likewise inapplicable ; that of Chancel, which consists in precipitating the phosphoric 
acid with nitrate, or better with carbonate of silver, is also inexact in presence of iron 
oxide or alumina, inasmuch as these oxides are precipitated at the same time, and 
the silver phosphate cannot bo completely dissolved out from the precipitate by 
ammonia. 

The following is, according to Flight’s experiments, the best method of separating 
phosphoric acid from ferric oxide and alumina: (1). From Ferric oxide. The 
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slightly acid solution is completely reduced by a stream of hydrogen sulphide, then 
treated with excess of ammonium sulphide, heated nearly to boiling, filtered, and the 
precipitate is washed with water containing hydrogen sulphide. The whole of the 
phosphoric acid is then found in the filtmte. (2). From Alumina. The solution 
of the aluminium phosphate is mixed with an excess of caustic soda sufficient to keep 
the whole of the alumina in solution, and then treated with a quantity of barium 
chloride sufficient to throw down all the phosphoric acid in the form of barium salt. 
The liquid is left at rest for some hours, and protected from access of carbonic acid, 
then filtered, and the precipitate, is washed with water containing soda, the addition 
of which is necessary, as the barium phosphate would bo decomposed by pure water, 
and the estimation of the phosphoric acid would then come out much too low. 
(3). From Ferric Oxide and Alumina together. The solution, not too acid, is 
mixe<l, according to Chancol’s method (i. 154), with excess of sodium thiosulphate, 
boiled for some time, and filtered, whereupon the whole of the iron reinains in solution, 
together with part of the phosphoric acid, whilst the alumina is precipitated together 
with the rest of the phosphoric acid. The separation may then be effected by the 
methods (1) and (2) above described. If the pliosphoric acid is not in excess with 
respect to the alumina, the wholo of it will be found in the precipitate, and the iron- 
solution will be free from it. 

The precipitates formed by excess of phosphoric acid in ferric and aluminic solu- 
tions are represented by the formulas 7Al‘“D^fiP*0^ and 7Fc‘'‘0*.6r‘0\ 

H. Pellet (Bull. Soc. Cliim. [2], xxvii. 106) estimates phosphoric acid, alumina, 
and ferric oxide when they occur together in solution as follows : 1. Tho solution is 
mixed with excess of ammonia and calcium chloride, whereby a precipitate is formed 
consisting of alumina, ferric oxide, and calcium phosphate. This precipitiito is ignited 
and weighed; the roshluo is dissolved in hydrochloric acid; the phosphoric acid is 
determined in one portion of tho solution with uranium; tho ferric oxide in another 
by stannous chloride ; and tho alumina is estimated by differoneo. 

F. Joan rend. Ixxviii. 1305) estimates phosphoric acid, in presence of 

lime, iron oxide, alumina, &c., by dissolving tho phosphate under examination in 
strong nitric acid, mixing tho filtered solution with a slight, excess of ammonia, 
redissolving tho precipitate in acetic acid, and precipitating the phosphoric acid with 
uranium acetate. Tho resulting precipitate after washing, drying, and ignition con- 
tains 20 05 per cent. P’^O*. ..... 

A. Classen separates phosphoric acid from certain bases by precipitation wnth 

potasaium oxalate. This method is applicable to salts whose bases, like calcium, are 
at once completely precipitated by soluble oxalates ; also to salts of manganese, zinc, 
cobalt, and nickel, tho metals of which are precipitated as double oxalates easily 
decomposed by excess of acetic acid, wdiich dissolves the alkaline oxalate^ and com- 
pletely precipitates the oxalate of the heavy metal. For the details of this method, 
see Zeitschr. anal. Chem. 1879, 189, 373 ; Chem. Soc. J. 1879, xxxvi. 979 and 1054- 
1056. . , ^ 

B. W. Gorland (CA«w. iVcttvs, xxxiii. 133) modifies the oxalic acid method com- 
monly used in the analysis of phosphorites on the ground that tho presence of oxalic 
acid hinders tho precipitation of ferric and aluminic phosphates by means of alkaline 
acetates. The weighed sample of phosphorite is dissolved in nitric or hydrochloric 
acid ; the liquid, neutralised as nearly as possible without formation of a permanent 
precipitate, .is boiled, and mixed with a slight excess of an oxalate ; acetate of sodium 
or ammonium is then added ; and the Ifi^id is removed from tho source of heat. On 
cooling, the wholo of the lime separates as an oxalate in tho form of a heavy powder. 
The iron and aluminium are best removed from the filtrate by precipitation with 
ammonium sulphide at a gentle heat. The precipitate consists of iron sulphide and 
aluminium phosphate, together with silica, which obstinately adheres to it. The 
determination of tho phosphoric acid in it is effected by the inolybdic method. 

Halo'id Compounds of Phosphoruf^. 

Chlorides* An elaborate investigation of tho action of tliese compounds on the 
acids of phosphorus h.'is been made by A. Geuther (J. pr. Chem. [2], yiii. 359). 

I. Action of Phosphorus Oxychloride on, OrthopJmphoric -When these sub- 

stances are mixed in accordance with the equation, 2PO^JI’* + FOCl*- 3PO»lI -hSClII, 
no apparent change is produced until the mixture is heated on tlie water-bath, the re- 
action then taking place in the manner just indicated. The use of a smaller pro- 
portion of phosphorus oxychloride loads to the formation of pyrophosphoric acid : 

+ POOP = 3P-’0'H^ -I- 3HC1. 

Pyrophosphoric acid is however produced when metaphosphoric acid and orthophos- 

5 K 2 
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Trichloride, PCI*. — Ira Romspn (Sill. Am. J. [3], xi. 365) finds that this com- 
pound is easily converted into POCl* by the action of ozone, and regards this reaction 
as affording an additional proof of the quinquivalenco of phosphorus. 

According to Micliaolis (Ber. viii. 504), when phosphorus trichloride in small 
quantities is luhled without cooling to water at ordinary temperatures, the liquid at 
first remains perfectly clear, but as soon as a certain quantity of the trichloride has 
been decomposed, and tho temperature has consequently risen, the liquid becomes turbid, 
and :i small quantity of phosphorus separates out. Wlien, on tho contrary, the tri- 
chloride is dropt into boiling water, not a trace of phosphorus separates out. Ice- 
cold water, int«) M'liich phosphorus trichloride is dropt, also remains clear, but becomes 
turbid and deposits a small quantity of phosphorus when heated. According to 
Greuther, on tho other hand (Jcnaische Zeitschrift [2], iii. 2nd Suppl. 116), tho pre- 
cipitation observed by Michaelis takes place only when the phosphorus chloride 
contains arsenic, and tho solid body thus separated is not phosphorus but arsenic. 

The action of phosphorus chloride on potassium thiocyanate gives rise to the 
formation of a compound, which crystallises in white slender needles 

(Lossner, J. pr. Chem. [2], vii. 474). 

Oxychloride^ POCl*, and Ethoxy chloride^ PO(OC*H*)Cl‘*. — On tho reactions 
of these bodies with tho acids and other compounds of phosphorus, see p. 1587-9. 

Tentaflitoride, PF* (T. E. Thorpe, Liebig's Annalen, clxxxii. 201-205). — When 
phosphorus pentachlorido is gradually added to arsenic trifluoride (obtained by heat- 
ting arsenic trioxide with fluorspar and sulphuric acid), a violent reaction takes 
place, resulting in the formation of arsenic trichloride and phosphorus pentafluoride, 
in accordance with tho equation : 

6AsF» + 3PCl» = 6AsCl» + 3PF». 

Pho.sphorus pentafluoride is a colourless gas, having a very pungent odour, and 
attacking the mucous membranes. It fumes in the air, and reacts with water form- 
ing phosphoric and hydrofluoric acids. Its density is 63’23, that of hydrogen being 1 
(theory ro<iuircs 63). Under the pressure of 12 atmospheres at 7^, it exhibits no 
marked deviation from Hoyle’s law. 

The ga.s neither burns nor supports combustion. It is not affected by tho passage 
of electric sparks through it, either when pure, or when mixed with hydrogen or 
oxygen. It combines with dry ammonia to form a yellowish- white solid body, repre- 
sented by the formula 2PF^5^^11^ A solution of the gas in aqueous ammonia 
deposits, on evaporation, cry.stals of ammonium phosphate, U’-(NH^P)0^ and ammonium 
and hydrogen fluoride, HF.NH^F. 

Acids op Phosphorus. " 

Tho Melting Points, and the Heats of Fusion, Solution, and Formation of these 
acids, have been determined by J. Thomsen (Ber. vii. 966) with the following 
results : — 



Heat of Fusion. 
Melting point 

Heat of fusion 

PO<H» 

38-6® ■ 

2520 gram-degrees 

PO»H* . 

70T 

7070 

PO*H* . 

17-4 , 

2400 

Heat of Solution. 
Crystallised acid 

Fused acid 

(POHP, Aq) 

+ 2690 gram-uegreeB 

6210 gram-degrees 

(PO»H», Aq) . . 

- 130 

2940 

(PO*H», Aq) . • . 

- 200 

2200 


Heat of t'ormatim. 
f(P. 0*, H>) 

302560 gram-degrees 

Crystallised acid 

(V, 0> H>) 

227680 

l(P, 0« H') 

139950 


f(P, 0\ HO 

300040 

Fused acid 

(P,OVH>) 

224610 


1(P,0» H*) 

137550 


f(P, 0*, H*. Aq) 

305250 

Aqueous solution 

(P,0«,H»,Aq) 

227660 

[(P, 0», H>, Aq) 

139750 
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On the reactions of these acids with the Haloid compounds of Phosphorus, 
see pp. 1587-1589. 

Hypopliosphopous Acid, H®P02=:HP(0H)®. On the crystallisation of 
this acid, see vii. 966. The barium salt, BaH^P=*0* + H'-'O, forms monoclinic crystals, 
having the axial ratio « : 5 : c = 2 0017 : 1 ! l‘»5760, and the angle ae = 80° 27' 
(Topsoe, JVien. Akad,. Ber, 2 Abth. Ixix. 261). Compare Rammelsbcrg (CAm. Soc, J. 
1873, 6). Sp. gr. 2‘718 at 10°, and 2*891 at 17°; of the fiiagmsium salt^ 
MgH*P=*0* + 6H20, 1*6886 at 12*5°, and 1*5681 at 14*6° (0. A. Mohr, Am. J. 
[3], xiv. 281). 

Reajctiom, — When perfectly dry hydrogen iodide is passed over • hypophosphorous 
acid, a violent reaction takes place, accompanied by great rise of temperature. The 
products are phosphorous acid and phosphonium iodide : 

3PO*H!» + HI = 2PO»H» + PHH. 

2. Dry sulphur dioxide reacts with hypophosphorous acid in the manner indicated 
by tlie equation : 

2P02H* + SO* = 2PO>IP + S, 

the chief products being phosphorous acid and free sulphur. At the same time, 
however, hydrogen sulphide is evolved, and some phosphoric acid is formed. The 
former of these bye-pr^ucts is duo, as found by direct experiment, to the action of 
free sulphur on hypophosphorous acid ; the latter to the action of sulphur dioxide on 
phosphorous acid at high temperatures. 

3. Nascent hydrogen docs not act cither on free hypophosphorous acid or on its 
alkaline salts (Ponndorf, Jemische ZeitschriJX [2], iii. 2nd Suppl. p. 45). 

By prolonged boiling of noimal lead J^pophosphite with lead hydrato, 3PbO.H*0, 
a basic lead salt, P*0®H^Pb*, is obtained in the form of a homogeneous yellowish-grey 
powder made up of microscopic necdlo-shaped transparent crystals ; 

3PbH*P*0‘ 4 2Pb*Jl*0^ = 3P*0«IT‘Pb® + 21P0. 

The constitution of this salt may bo represented by tho formula 

p,^0-PH-0Pb(0H) 

A PH— OPb(OH) 

and affords further evidence of tho correctness of the formula HP(OH)* usually 
a.ssigned to hypophosphorous acid, according to which it contains an atom of trivalent 
phosphorus associated w’ith 1 at. hydrogen and two hydroxyl -groups (Ponndorf). 

Plio»pliorou» Acl d, PIPO*. Of the two constitutional formulae by which 
this acid is represented, viz. F"(OH)* and OP’H(()H)*, the first certainly affords tho 
readiest explanation of tin* formation of tho acid by the action of water on phosphorus 
trichloride, and of most of the reactions between tho halogen-compounds and acids of 
phosphorus investigated by Geuther (p. 1688). On tho other hand, Michaelis a. 
Ananoflf infer, from the action of phosphorus pentachlorido on phosphenylous acid, 
and of phosphcnyl tetrachloriile on phosphorous acid, that the latter is correctly repre- 
sentoil by the formula OPH(OH)'* (p. 1578). Gcuthor, however, points out (Jenaische 
Zeilschrift [3], iii. 2nd Suppl. 116) that the former of these reactions, which gives 
pise to phosphenyl oxychloride, P()Cl*.C®H*, together with POCl*, PCI* and HCl, may 
be satisfactorily explained on the hypothesis that phosphenylous acid has the consti- 
tution P(C*H*)(OH)*, [analogous to P(OH)*], and that the phosphonis pentachlorido 
acts like a mixture of PCI* and CP, thus : 

P(C*H5)(OH)* + PCPCP = P0(C*H*)C10H + PCI* + HCl 

and 0P(C*H*)C10H + PCI* « PO(C*H*)CP + POCl* + HCl. 

A similar explanation is given by Geuther of the action of phosphonyl tetra- 
chloride on phosphorous acid, based on the known fact thiit phosphenyl tetrachloride 
is resolved by heat into chlorine and the corresponding dichloride, thus : 

P(OH)* + P(C*II»)C1*CP = PO(OH)*Cl + P(C*H*)CP + HCl 
PO(OH)*Cl + 2P(C*H*)CP = POCl* + 2PO(C«H*)CP -i 2HC1 

or P(OH)* + 3P(C*H*)C1* = POCl* -h 2PO(C*H*)CP + P(C‘'H*)CP -h 3HC1. 

It must be admitted, however, that the explanation of these reactions given by 
Michaelis a. Ananoffis more simple and direct. 

Crystallised phosphorous acid may be prepared by hejiting tho trichloride to 60° 
and passing the vapour by means of a current of dry air through two fiasks each 
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containing about 100 ^rams of water cooled to 0®. In about four hours the contents 
of the first flask are found to bo saturated with the phosphorous chloride and con- 
verted into a thick crystalline mass of phosphorous acid. The adhering liquid may 
then be drained off, and the crystals washed with small quantities of ice-cold water, 
and finally dried in a vacuum (Grosheintz, Bull. Soc. Chim. [2], xxvii. 433). 

Metallic Phosphites. For the anal^wis of these salts, Kraut a. Prccht 
{Liebig's Annalrn, clxxvii. 274) recommend Rose’s process, which consists in dissolving 
the pliospliite in hydrochloric acid, adding an execs.s of pulverised mercuric chloride, 
and Jicating the mixture on a water-bath till the resulting mercurous chloride is com- 
pletely deposited, collecting the deposit on a weighed filter, drjdng it at 100°, and 
weighirjg. If t he filtrate bo then freed by hydrogen sulphide from mercury and other 
bases which interfere with the determination of phosphoric acid, the amount of that 
acid produced may be estimated by precipitation with magnesia mixture, and a verifi- 
cation of the result iheroby obtained. 

Barium Phosphite, according to Kraut {Lieh. Ann. clxxvii. 274) andRammols- 
berg {Ber. ix. 1577), has the composition BaHPO*, and not Ba21PP"0^ formerly 
assigned to it (vi. 937). It is apt to retain small quantities of phosphate— acid 
phosphate, Ball^P-’O*, according to Rammclsberg — which may disguise its true com- 
position. Rammelsberg also finds by new experiments that the barium salt, like other 
phosphites, gives off hydrogen, and leaves a residue of phosphide and pyrophosphate, 
a result which throws light on a long-established error respecting the composition of 
the phosphites of the alkaline-earths and of nickel as well as the abnormal results 
obtjiined in the analysis of the magnesium and zinc salts (vi. 937). 

Tfisodic Phosphite,V0^1^i\?.--l^o obtain this salt, a concentrated solution of 
disodic phosphite, PO*Na®lI, is first prepared by mixing pure phosphorous acid with 
sodium hydroxide to slight alkaline rejiction, and to this solution is added a quantity 
of strong aqueous soda-solution equivalent to 4 moLs. NaHO. The mass is then loft 
to itself for two hours, after which strong alcohol is added, the supernatant alcoholic 
liquid is separated from a viscid synip which settles down, and the latter, consisting 
of pure trisodic phosphite, is purified by repeatedly i)OuriDg strong alcohol upon it, 
and working it up therewith, and finally dried in a vacuum over sulphuric acid (0. 
Zimmermann, Liebig's Annalcn, clxxv. 1). 

Triethylic Phosphite, PO\C*H')*. — This compound, which Railton obtained 
by the action of phosphorus trichloride on dry sodium ethylate (iv. 533), is prepared 
by Zimmermann as follows : The sodium ethylate, after being brought to a constant 
weight by heating it at 180®-200°, is pulverised and mixed with eth(?r free from 
alcohol and w'ater ; the mixture is well cooled; and the phosphorous chloride is added 
by drops with constant agitation. When the action is complete, the ethereal solution 
is decanted from the resulting sodium chloride, the ether i.s distilled off, and the 
remaining liquid is rectified at the heat of an oil-bath in a stream of hydrogen till it 
lx)ils constantly at 188°. 

Triethylic phosphite saponified with caustic potash is converted into phosphorous 
acid. By gradual oxidation with nitric acid it yields phosphoric togeth(*r with oxalic 
acid. Heated in oxygen gas it is gradually oxidised to triethylic phosphate, 
PO(OCHP)*. This last reaction is effected by filling a small flask containing the 
phosphorous ether with oxygen, closing it, passing in a fresh portion of the gas after 
the first has been absorbed, and repeating this treatment several times. At a high 
temperature triethylic pho.sphite is resolved Into phosphine, phosphoric acid, and 
probably ethylene. From these reactions Zimmermann infers that triethylic phos- 
phite has the constitution P(OCTl*)®, and not PO(C*H*)(OC*H®)*, as in that case it 
should yield by saponification, not phosphorous acid, hut ethyl-phosphinic acid, 
PO(C2H»)(OH)*. 

Hypophoapliorlo Aold,H*PW=(HO)*OP— PO(OH)* (T. Salzer, 
Annalen, clxxxvii. 322 ; cxciv. 28). This acii intermediate in composition between 
phosphorous and metapho-sphoric acids, is one of the constituents of the acid liquid 
(Pelletier’s acids phosphatiqvA) formed when phosphorus partially covered with water 
is exposed to the air (iv. 499 ). It may be separated in the form of a sparingly 
soluble sodium salt by treating the mixed acids with sodium carbonate or acetate. 

Pure hypophosphoric acid is best obtained by treating the lead-salt suspended in 
water with hydrogen sulphide. Its aqueous solution is strongly acid, colourless, and 
inodorous, and may be boiled without decomposition, but when evaporated to a syrupy 
consistence, it is resolved by heat into phosphorous and phosphoric acids. In its 
behaviour with reagents, it i.s intermediate between phosphorous and phosphoric acids, 
wliich circumstance accounts for its having been so long overlooked in a mixture of 
these acids. 
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The acid is perfectly stable in aqueous solution, and is not affected by strong acids 
in the cold, but when boiled with dilute sulphuric or nitric acid, it is resolved, at a 
certain state of concentration, into phosphorous and phosphoric acids. The solution 
of the acid is not oxidised by dilute hydrogen peroxide when boiled therewith, and is 
not affected by potassium chromate, chlorine, or iodine, even at the boiling heat ; 
neither does it reduce mercuric, auric, or platiuic chloride. It produces in solutions 
of silver a white precipitate, whiclmlocs not blacken on boiling. The solution is 
oxidised by pota.ssinm permanganate, slowly in the cold, and very rapidly when 
heated, being converted into phosphoric acid. It is not affected by hydrogen sul- 
phidt?, sulphur .trioxide, or nascent hytlrogen. 

llypophosplnn’ic acid is qiiadribasic. Its salts mostly react like those of hypo- 
phosphorous and phosphorous acids, but are much more stable. At high tempera- 
tures they give off hydrogen or phosphine, leaving a metallic phosphide or phosphate. 

The tetrasodic salt^ Na‘(PO-*)“+ 1 OH-0, obtained by gradually adding a solution of 
1 pt. sodium carlxjiiato to a solution of 1 pt. of the trisodic salt in 60 pts. water, 
separates in needle-shaped monoelinic crystals exhibiting the faces OP, 2Poo , ooP, P, 
^P. Cleavage parallel to ooPoo. Axes a : 6 : c = 2 0435 : 1 : 1‘9065. Angle 
r7c = 35*55. Twin-lamellae according U) the basal face are of somewhat frequent 
occurrence. 'J'lio plane of the optic axes is the plane of symmetry : the acute 
bisectrix passes through the obtuse angle between OP and 21^ oo . The crystiils dissolve 
in 50 times their wtiiglit of wat(*r. The cold saturated solution turns turmeric paper 
dark brown, and when mixed with a strong solution of sodium carbonate, deposits 
the normal salt unaltered. 

TriaodiohydTw Hypophosphatey Na‘‘H(PO'‘)^ + 9H'-*0, is obtained by aciting with less 
than one part by weight of crystallised sodium carbonate on one part of the acid 
sodium hypophospliato in solution. Its solution has an alkaline reaction. It loses 
its water of crystallisation at 100°, and at higher temperatures suddenly takes fire, 
ayd ljurns with a steady flame, giving off phosphoretted hydrogen gas, and leaving 
a white enamel. The crystals are monoclinic and Inivo a strong vitreous lustre. 
Combination OP. — P. 6P. 3P. — CP*) . ool’oo .4Pao .5Pco .20Poo .4Poo .6Poo ; mostly tabu- 
lar through pred()ininaiie(3 of OP, sometimes also elongated in tlio direction of the 
orthodiagonal, and in that case broinlly wedge-shaped, from predominant development 
of the lower face op and the front face — 6Poo. Some crystals exhibit twin-forma- 
tion parallel to a face normal to the cl i nodiagonal, the crystals having then a rhombic 
habit. Axes a :h \ c® 1*5788 : 1 : 0*4348, Angle 43'. The piano of the 

o])tic axes is perpendicular to the plane of symmetry, acute bisectrix nearly perpen- 
dicular to OP. Axial angle laigo. 

Dhodio-dikydne Ilypnjdiosphaley Na*II-(PO*)* -I- 3H’-0, is formed on adding sodium 
acetate in excess to tlie syrupy liquid produced by the oxidation of moist phosphorus 
ill tho air. It crystallise.s in oblique rhombic prisms, which dissolve in 45 pts. of 
cold and 5 parts of boiling water. When gently warmed it loses its water of crys- 
tallisation, and afterwards gives off inflammable hydrogen phosphide, leaving 
metaphosphate. At ordinary temperatures, both the salt and its aqueous solution arc 
perfectly stable. 

Acid Potassium HypnpImpJmtey K-TP(PO®)* + H'^O. — Ilypophosphoric acid neutra- 
lised with potassium carbonate and evaporated to syrupy consistency, gave crystalline 
^nodules, which were not analysed. On adding an equal quantity of acid, crystals of 
the above salt were ol'tained. It ip. soluble in twice its weight of water at ordinary 
temperatures, hut is insoluble in alcohol. When heated, it decomposes and gives off 
hydrogen which hums, whilst insoluble potassium mctapliospliate is left behind. It 
crystallises in the orthorhombic system. Tho crysttUs are small, transparent, and 
colourless, and a combination of the prism oo P and the pyramid, 2p2, until oo P oo, P oo 
and OP subordinate. Cleavage parallel to oof oo. Axes a : h : c = 0*6792 : 1 : 0*8508. 

The normal potassium salt could not bo obtained pure. A concentrated solution of 
this salt will detect 0*003 grm. soda dissolved in 1 c.c. of water, and existing as 
chloride or sulphate. 

In a solution of lithium carhonatCy hypophosphoric acid produces a crystalline 
precipitate very spiiringly soluble in water, easily soluble in excess of hypophosphoric 
acid. 

Normal Ammonium Hypophospihate, (NH^)^(PO'*)“ + H'“0, is obtained by heating a 
5 per cent, solution of tho Jicid with oxetjss of ammonia. Tho crystals begin to 
effloresce immediately after drying. They appear to consist of quadratic prisms, with 
pyramidal end-faces, like those of zircon ; they dissolve in thirty times their weight 
of water, forming a strongly alkaline solution, which on evaporation gives off ammonia, 
soon acquires an acid reaction, and ultimately loaves Jicid ammonium hypophosphate. 
Tho normal sjilt loses ammonia even on standing in the air, the clear crysUils assuming 
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a turbid or milky appearance. When heated, they melt, with strongs evolution of 
ammonia, and at last with combustion of tho liberated hydrogen. This latter property 
is peculiar to tho acid hypophosphates. 

Add Am)jmiium Hypophosphate, (NH^)*H*(PO*)*.— If the solution of tho previous 
salt be boiled until ammonia ceases to escape, the acid ammonium salt is formed, and 
may be obtained in needles ; it is isomorphous with the acid potassium salt. 

Normal Barium Hypophosphate, lla*(PO*)*, Ts thrown down from a solution of tho 
normal sodium salt by barium chloride as an apparently amorphous precipitate. It 
is very sparingly soluble in water and in acetic iund, more soluble in hydrochloric and 
hypophosphoric acids. It is anhydrous, and when heated changes into reddish barium 
pyrophosphate without any appearance of combustion. Even by very rapid heating 
of the damp neutral barium salt, it is not possible to effect the oxidation of the hypo- 
phosphoric acid by means of tho oxygen of the water. 

Acid Barium BaH^P0*)- + 2H®0, is prepared from the acid sodium 

salt by precipitation with barium chloride. On mixing hot solutions of 4 pts. of tho 
acid sodium salt in 180 pts. of water, and of 6 pts. of barium chloride in 10 pts. of 
water, and immediately filtering, beautiful crystals were obtained on cooling. They 
belong to the monoclinic system, and are needles formed of OP and oo P », with 
ooP at tho end. a : A =1-8480 : 1. Anglo ac = 67°4'. They are transparent, but 
become turbid when heated under water. With 1000 pts. of cold water, they give a 
solution which has an acid reaction, and becomes turbid on boiling, in consequence of 
the separation of neutral or basic barium Iiypophosphate. The crystfils scarcely suffer 
any loss in weight by heating at 100°, but at 140° they slowly lose tho 2 mols. of 
water of crystallisation, and at higher temperatures pass, with combustion of escaping 
hydrogen, into barium metaphosphate, which melts to a wrhito bead. 

Normal Calcium HypophosphatCy Ca*(PO*)* + 2H®0. — In neutral calcium solutions, 
neutral sodium hypophosphate, even of 200,000-fold dilution, gives rises to a percep- 
tible turbidity. With greater concentration the solution becomes alkaline after all 
tho calcium has been precipitated. On tho contrary, on jidding calcium chloride to tho 
sodium salt, the alkaline reaction disappears with completed precipitation of the 
hypophosphoric acid. 

After washing, the originally very gelatinous precipitate quickly becomes denser and 
granular, and appears under tho microscope as rounded but non-crystalline particles, anol 
by continued washing suffers another change, whereby it becomes so finely divided as to 
go through the thickest double or triple filters. It is insoluble in w-ator and almost 
insoluble in acetic acid, but easily soluble in hydrochloric and hypophosphoric acids. 
The crystJillisHtion -water is very difficult to determine, as it begins to pass off at 
100°, although the salt must be brought to 200° before all can bo driven off, and then 
slight decomposition {i.e. oxidation) ensues. 

Acid Calcium Hypophosphate could not be obtained in the solid form, as neither 
dilute nor concentrated hypophosphoric acid dissolves as much neutral calcium salt as 
is necessary for the formation of the acid salt. As only one calcium compound of this 
acid appears to exist, neutral calcium solutions may be titrated with normal sodium 
hypophosphate after addition of red litmus tincture. Alkaline reaction sots in after 
completed precipitation. The same remark applies to the hypophosphates of lead and 
other metals. 

Phosphopic Acid (Ortho-), PO(OHJ*. Breparation.- In preparing this 
acid by the oxidation of phosphorus with nitric 'acid, tho best results are obtained, 
according to Krauthausen (Arch. Pharm. [3], x. 410), by using nitric acid having 
exactly the sp. gr. 1*197. With stronger acid, the action is too violent ; with weaker, 
the oxidation of the phosphorus is very slow. 

O. F. Markoe (ihid. ix. 531) adds to the mixture of phosphorus and nitric acid a 
small quantity of bromine, or better of bromine and iodine together, whereby phos- 
phorus pentabromide is first formed, and then decomposed by tho water present into 
hydrobromic and phosphoric acids, PBr^ + 4H*0 = 5HBr -t PO^H*. The hydrobromic 
acid thus formed is immediately decomposed by the nitric acid, yielding free bromine, 
nitrogen dioxide, and water : 

6HBr + 2NO»H = 3Br* + 4H*0 + 

ind the free bromine acts on fresh quantities of phosphorus in the same manner as 
before. As a convenient proportion of the several materials, Markoe recommends 
1 pt. phosphorus, 6 pts. nitric acid of sp. gr. 1*42, 1 pt. water, and enough bromine to 
give 1 pt. of that substance to 60 pts. of phosphorus. The phosphorus is first added 
to the mixture of nitric acid and water, and the bromine is then added by drops, the 
liquid being well cooled to prevent too violent action and conseouent explosion. The 
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danger of explosion may, however, be more effectually guarded against by using a 
quantity of water three times as great as that above recommended, and bringing the 
phosphorus and bromine together before adding the nitric acid. 

Crystallised phosphoric acid melts at 41*75° (at 38 ‘6° according to Thomsen, 
p. 1690), and remains liquid till cooled down to 38°, at which point it solidifies, the 
temperature rising simultaneously to 40*6'’ (Borthelot, Bull. Soc. Chim. [2], xxix. 3). 

On the Heat of Fusion^ Solution^ and Formation of Orthophosphoric Add, according 
to Thomsen, see p. 1590. 

Metallic Phosphates. Aluminium Salta* Millot (Bull. Soc, Chim. [2], 
xxii. 242) has prepared the salts F*()*.AP0*.5H*0, 3P*0».2A1*0*.20H*0, and 
2P‘*0*.Ar‘'0*.8ir*'0 in the same manner as the corresponding ferric salts (p. 1 699). 

Barium Plioaphate. According to Duvillier (Compt. rend. Ixxxi. 1251), this 
salt [also the arsenate] is decomposed by nitric acid, yielding free phosphoric [or 
arsenic] acid and baiium nitrate. If the nitric acid be so strong that the resulting 
nitrate will not dissolve in it, the decomposition will be complete. 

Calcium Pliospliatea. Tricalcic Phosphate, Ca^PO^)^— A solution of 
this salt, in aqueous carbonic acid, which is used for therapeutic purposes, may be 
readily prepared by passing washed carbon dioxide into water in which the recently 
precipibited phosphate is suspended. The filtered solution becomes turbid on exposure 
to the air, and more quickly when heated, from loss of carbonic acid. The clear 
solution has an alkaline reaction, and gives all the reactions of orthophosphates 
(M. Clievrier, Compt. rend. Ixxviii. 1134). 

Experiments on the action of water on tricalcic phosphate, in continuation of those 
already noticed (vii. 974), have been made by R. Warington (Chcin. Soc. J. 1873, 
983). By pr(jlongod boiling, the tricalcic phosphate is converted into the salt 
2Ca*(OII)(P()‘)* = 30a®(P()*)2 + Ca(OH)*. The solubility of tricalcic phosphate varies 
between 35,000 and 110,000 pts. water for 1 pt. of the phosphate. The decomposition 
0 ^ tlm salt by water begins at ordinary temperatures. 

On the action of Water and other Solvents on Calcium Phosphate, gelatinous and 
ignited, and on Bone-substance, sec Bone (p. 338). 

The action of sulphuric acid on tricalcic phosphate has been examined by H. P. 
Armsby {J.pr. Chem. [2], xiii. 333), whose experiments show that when these com- 
pounds are mixed in molecular proportions, the acid acts upon only half the phosphate, 
forming monocalcic phosphate, thus : 

Ca^CPO^-* + 2H2SO« =. 2CaS0< + CaHXPO*)^; 

and that the monowilcic phosphate then acts on the other half of the tricalcic salt, 
producing insoluble dicalcic phosphate, Ca*H'*(PO^)*, thus: 

CaH'(PO<)’* + C&\PO*Y = 2Ca*H*(P0*)". 

See further Superphosphate (p. 1696). 

On the composition of Bone Phosphate, see Bone (p. 337). 

Dicalcic Phosphate, Oa'^H^PO* or CallPO^ = (OH)OP-^Q^Ca, is obtained by 

treating the monocalcic salt with hot water or alcohol (Erlenmeyer) ; also by pre- 
cipitating calcium chloride with ordinary disodic phosphate ; tlie latter is the mode of 
preparation usually employed in pharmacy. According to Hirschsohn (Russ. Zeitschr. 
Pharm. xvi. 385), it is essential, in 'preparing this salt by precipitation, to add an 
excess of calcium chloride. In this w*ay, not much more than half of the calcium 
chloride used is converted into phosphate, but if the sodium phosphate bo poured not too 
slowly into the solution of calcium chloride kept at ordinary temperature, and the 
resulting calcium phosphate, immediately after precipitation, be collected on a filter, 
washed, and dried at a moderate heat, the whole of the sodium phosphate will be 
utilised, and a preparation obtained which fully satisfies the conditions of constant 
composition, crystalline structure, and ready solubility in dilute acids. Under the 
influence of strong bases it is converted into the tricalcic salt. 

Hydrated Dicalcic CaH®PO®=-CaHP0^2IPO, or, according to Erlen- 

meyer, (OH)^P.O.Ca(OII), is obtained by the action of cold water on monocalcic 
phosphate: also by triturating 1 mol. air-dried tricalcic phosphate with 1 mol. 
crystallised monocalcic phosphate, the conversion being completed in about a month. 
When luxated at 100°, it loses water very gaadually, 160 hours’ heating being required 
to bring it to a constant weight. If moistened with water four or five times a day, it 
attains a constant weight in about 60 hours. Heated at 100° in a stream of dry air 
for 36 hours, it gives off 2 mols. water ; when boiled with water, it loses the same 
quantity in half an hour. After 24 hours* boiling in a reflux apparatus, the water 
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exhibited only a faint acid reaction. After an hour’s boiling in a reflux apparatus 
with absolute alcohol, the salt remained unaltered. When heated in a sealed tube 
placed in a water-bath, it lost after a certain time mol. water, and it was only after 
7 hours’ heating that the quantity of water given up amounted to 2 mols. (Erlenmeyer). 

Monocalcic Phosphate. — ^According to Erlenmeyer {Joe. cit.), this salt, when 
prepared by the action of cold aqueous phosphoric acid on the tricalcic salt, has the 
composition CaH«PW == Call^P-OMPO, or (OH)^P.O.Oa.().rO(OH)^ and separates 
from the resulting solution on spontaneous evaporation in thin rhomboi'dal plates, 
leaving when ignited a somewhat porous while opaque mass, which, when heated in 
the blowpipe-flame, melts at the edges only to enamel-like globules. The crystallised 
salt contains 1 mol. water, which it gives off at 100°, but recovers on exposure to the 
air. According to Erlenmeyer, it is not h3’gro8copic, although, as observed by 
Birnbaum {Jahresb. f, Chem. 187 281), it takes up water and deliquesces when 
placed near water under a bell-jar : for on subsequent exposure to the air it gives up 
this water again, and acquires a constant weight. According to Birnbaum, on the 
otherihand (^Ber. vi. 898), it gives up only part of its water when thus exposed, and 
the proportion retained depends essentially on the state of humidity of the air, a 
maximum of atmospheric moisture corresponding to a minimum amount of phosphoric 
acid in the air-dried salt. The maximum difference between the amounts of phos- 
phoric acid in the dry salt and that which had been altered by absorption of water 
from the air amounted to 8' 8 per cent. Tho same variation in weight was observed 
under similar circumstances in a ‘ Noxana Superphosphate ’ from tho manufactory of 
Packard and Co. in Ipswich. When drenched with somewhat less than 100 times its 
weight of w’ater, it is resolved into tho dicalcic salt and free phosphoric acid, 
Call*P‘0* = P0^IP4-CalIP0^ + H"0 ; but when a small quantity of it is introduced 
quickly and with agitation into 100 pts. of wjiter, it dissolves completely in a short 
time. Tho precipitate formed on treating it with only 10 pts. water, redissolves 
completely in about three weeks if shaken up with the liquid everyday; and thjt 
which is formed with 40 pts. wafer redissolves on similar treatment in a few days. 
But all these liquids, even that which is obtained with I i)t. sail to 100 water, deposit 
a precipitate on boiling. When monocalcic phosphate was treated with cold absolute 
alcohol, nothing but phosphoric acid was found in solution after two days, and tho 
residue contained lime and phosphoric anhydride in tho proportion of 60a0 : 6’7P*0*. 
By boiling the salt for an hour in a reflux apparatus with 60 times its weight of 
absolute alcohol, it is completely resolved into free phosplu)ric acid whicli dissolves 
in the alcohol, and insoluble CaHPO^ The same result was obtained with 30 pts. of 
absolute alcohol after two hours’ boiling. Absolute ether dissolves the pure salt with- 
out alteration, and a specimen contaminated with adhering mother-liquor may bo 
completely purifietl by agitation with ether. 

Decomposition by Sodium Carhomte. — According to Frebault a. Dostrein {Bull. 
Soc. Chim. [2], xxvii. 499), the reaction between monocalcic phosphate and sodium 
carbonate consists not, as generally supposed, in the separation of calcium carbonate 
and formation of sodium phosphate, but in tho division of the phosphoric acid 
between the lime' and the soda, and the elimination of the whole of the carbon dioxide 
as gas,. so that it is correctly represented by tho following equation proposed by 
Thinard, Soubeiran, and L6canu : 

2CaH^(PO*)* + 2Na»C()3 = 2Na*HPO« + Ca*H»(PO*)* + 2CO* -h 2H*0. 

That the calcium phosphate cannot be decompose by the sodium carbonate in such a 
manner as to form sodium phosphate and calcium carbonate, is plainly shown by the 
fact that calcium carbonate is, on the contrary, decomposed by sodium phosphate, 
with formation of basic calcium phosphate, together with sodium carbonate and free 
carbon dioxide at high and of sodium bicarlK)oate at low temperatures. The airbouates 
of barium, manganese, zinc, and magnesium are decomposed in like manner by sodium 
phosphate. 

Superphosphate. Tho agricultural value of this mixture of monocalcic phos- 
phate and gypsum, prepared by treating ground bones with sulphuric acid (iv. 666), 
depends on the proportion of soluble phosphate which it contains. Now this amount 
is found to decrease in course of time, in consequence of tho gradual reconversion of 
the soluble into insoluble phosphate, and the change — known as * retrogression ’ — is 
sometimes attributed to tho formation of dicalcic phosphate by the action of the 
monocalcic salt on undecoraposed tricalcic phosphate contained in the mixture. A. 
Millot, however {Compt. rend. Ixxviii. 1134; Ixxxii. 622: Bcr. viii. 187), infers, from 
experiments in which 1 mol. pure tricalcic phosphate was treated with 2 and with 
1 mol. sulphuric acid, that the re:iction just mentioned takes place only when the 
quantity of sulphuric acid used is insufficient for the decomposition of the bone-ash, 
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and consequently the product does not contain any free phosphoric acid. In presence 
of free phosphoric acid, dry monocalcic phosphate is not resolved by heat into the 
dicalcic salt and free phosphoric acid. The retrof^radation in solubility of the phosphoric 
acid in superphosphate is especially attributed by Millot to the presence of ferric 
oxide, alumina, and magnesia. A superphosphate prepared from the coprolites of the 
Ardennes, in which all the phosphoric acid was originally in the soluble state, was 
found after two years to contain only 10 per cent, soluble phosphoric acid, the 
remaining 90 per cent, having become insoluble. On washing this phosphate with 
hot water till all the gypsum was removed, the residue was found to be free from 
lime and to consist of the phosphates Fo^O*. 2P*0» and 2Fe®0*.3P^0*. 

A. Riimpler observes {Zfitschr. anal. Chem. vi. 161) that in superphosphates 
obtained by decomposition of phosphorites containing iron or alumina, a soluble ferric 
or aluminic phosphate is often formed, having the composition Fe*0®[P0(0fI)^]® or 
AFO“[PO(OH)'*]®, and that when this phosphate is treated with a large quantity of 
water, it is decomposed, with separation of neutral phosphate, ]VPO*(PO^)2, so that the 
results obtained in estimating the ‘ soluble ’ phosphoric acid are too low, and the 
more so as the quantity of water used in the digestion is greater. From numerous 
experiments bearing on this matter, Kiimpler infers that in analysing superphosphates, 
the be.st mode of extracting fi-om them tho largest quantity of phosphoric acid is to 
lixiviate them with tho minimum quantity of water, and not, as is the usual practice, 
to make up a given quantity of superphosphate with water to a litre and take an 
aliquot part of the liquid for tho estimation of tho phosphoric acid. 

On the Analysis of Superphosphates, see also Joulio {Compt. rend. Ixxvi. 631 ; 
Chem. Soc. J. 1873, 766); Erlenmeyer {Ber. ix. 1839; Jahresh. f. Chem. 1876, 984 ; 
Chem. Soc. J. xxxi. 769); Albert a. Siegfried {Zeitschr. anal. Chem. 1877, 182 ; 
Jahresh. f. Chem. 1877, 1044). 

Action of Heat on Mh'turcs of Calcium Phosphates and Calcium Carbonate. — Pyro- 
and orthophosphates of calcium, as well .as phosphates of tho apatite class, aro decom- 
posed by ignition with calcium carbon.ate, in such a manner that p.art of the calcium 
oxide in the latter enters into chemical combination with tho phosphate, and is not 
reconverted into CaCO^ by tho action of ammonium carbonate. Tho extent of this 
decomposition varies according to tho proportirjns of the mixture, tho intensity and 
duration of tho ignition, and is considerably increased by a high temperature and 
the presence of organic matter. Thi.s mode of decomposition’ is determined, in tho 
case of calcium pyrophosphate, by the tendency of that salt to pass into normal 
orthopho.sphate ; in the case of tho normal orthophosphates, by their tendency to form 
basic salts; and in apatites and similar compounds by tho interchange between 
CaCP and CaO. A strongly ignited mixture of 6 pts. pyrophosphate and 1 pt. 
carbonate yielded, after tlh^ OaO had been completely w'ashed out with water, a 
residue of phosphate which was somewhat difficult to dissolve in nitric acid, .and had 
the composition 7Ca0.3P-0''’ = Ca\F®0** ; its formation may accordingly be represented 
by the equation : 

3Ca*^F20’ + CaCO® = CaT“0« + CO*. 

Experiments with norm.al orthophosphate led to the formation of a salt having tho 
composition Ca*P=0" + tCaO or + CaO. Apatite was decomposed in tho 

manner shown by the equation : 

(4Ca®P=^0‘' + CaCP) + CaCO® = (4Ca*P*0'* + CaO) + CaCP + CO*. 

Those results indicate the necessity of determining the CO* in mineral phosphates 
before ignition ; and as bones comport themselves like a mixture of calcium ortho- 
phosphate and carbonate with organic matter, there is no reason to suppose that they 
contain a substance having the composition Ca0.3Ca*P'-0", as assumed by Aeby 
(F. Wiboi; Ber. vii. 220). See Bone (p. 337). 

Native Calcium Phosphates. — The following analyses of mineral phosphates 
and superphosphates used in England for agricultural purposes have been published 
by W. C. Keid {Chem. News, xxxiv. 48, 66). 

1-6. Cambridge coprolites from the upper greensand of Cambridgeshire: grey 
hard nodules, consisting either of true coprolites or of concretions formed round bones. 
6, 7, 8. Coprolites from Boulogne. 9-12. Pseud ocoprolites from Suffolk : calcareous 
concretions impregnated with phosphates. 13. Coprolites from Bedfordshire. 
14. Lenticular coprolites, a poor variety from Cambridgeshirt*. 15 and 16. Russian 
coprolites. 17. South Carolina and Charleston phosphates of high value. They 
are obtained from chalk-beds, and form irregular nodules enclosing animal remains 
and imbedded in clay. 18 and 19. Lot or Bordeaux phosphates from the Departments 
Lot and Lot-ot-Garonne, where they occur in veins and thin layers of a limestone. 
The analyses relate to the best and a poorer quality. 20 and 21. Nassau phosphorites. 
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ordinarily very rich in iron ; not much in request of late. The analyses give the 
Mtremes between which the actual values generally fluctuate. 22-26. Spanish and 
Portuguese phosphorites, usually classed together as Estremadura phosphorite. 
26, 27 . Norwegian, and 28, Canadian apatite, forming veins in crystalline rocks; 
exported to h«nglaiid in small quantities only. 29 and 30. Sombrero guano, really a 
phosphorite; formerly imported in considerable quantity, lately but seldom. The 
two analyses give extreme values. 31 and 32. Navassa guano, a similar material from 
the island of Navassa. In this case also the analyses give extreme values. 


Comfosiiian of Native Calcium Phosphates, 



A phosphorite from Eossbeig near Hossdorf in Hesse-Darmstadt was found by 
P. Wagner {Ber, d, landw. Versuschsst. Barmstadty 1874) to* contain 38*92 per cent, 
phosphoric acid ; another from Oberamstadt, Hesse-Darmstadt, yielded 23*2 per cent, 
phosphoric acid, 19*6 silica, and 8-6 alumina. A guano from Australia yielded 60*70 
per cent, calcium phosphate containing 2*78,phosphoric acid. 

Several samples of phosphorite from Logrosan, Estremadura, very large quantities 
of which are imported into Germany by way of Hamburg (more than 11000 kg. in 
1872), have been analysed by B. Niederstadt (Bcr. vii. 107). It has the advantage 
over many others of containing only small quantities of ferric oxide and alumina, so 
that the retrogression of soluble into insoluble phosphates does not take place in it to 
any great extent. It contains, however, a large amount of silica : 
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Oa-P'O* 

Mg»P*0- 

OaCO> 

CaSO* 

FtfO* 

A1>0» 

CaF* 

SIO* 

H*0 

64*691 

7*010 

8*066 

1*200 

0*621 

0*166 

1*520 

25*720 

0*260 o 99*242 

62*352 

1*606 

13*688 

2*440 

0*528 

0*985 

1*204 

16*412 

0*176 =* 99 389 

67*369 

0*708 

7*386 

1*599 

0*463 

0*405 

1*822 

29*428 

0*790 = 99*969 

59 594 

3*977 

13*327 

0*858 

0*910 

0*427 

0*983 

19*164 

0*721 = 99*961 


Calcium phosphate from Ciply, ip Belgium, containing 20*35 per cent. P*0», has 
been analysed by Nevoit {Compt. rend'. Ixxix. 256; Chm. 8oc. J, 1874, 1146). 

On Apatite, see p. 116. 

Caloio-uranic Phosphate^ (Ca0.2U0*)P*0* + 8H®0. Uranite Autunite 
685). This mineral has lately been examined by Church {Chem. Soc. J. 1875, 109) 
with special reference to its amount of water. 

AiwXyee8.—\ and 2. Sulphur-yellow crystals from Cornwall. 3 and 4. Crusts 
about half an inch thick, composed of irregularly grouped yellow crystals from Autun. 
5. Smaller crystals from Autun, having a deeper sulphur-yellow colour : 

1 2 3 4 5 


Water lost over 

Sulphuric acid 

. not det. 

8*24 

9*08 

8*38 

9*48 

>1 

in a vacuum 

* 13*8 

not det. 

5*28 

not det. 

4*95 

tj 

at 100° 

6*90 

not det. 

7*29 

0*75 

II 

at a red heat 

4*85 

4*12 

5*28 

4*02 

6*16 

Uranic oxide 

. 

60*00 

not det. 

61*34 

not det. 

60*87 

Lime . 

. , , , 

5*01 

— 

6*24 



6*31 

Phosphoric anhydride . • 

. 13*84 

— 

14-97 

13*66 

13*40 


From the constancy of the loss of water in dry air and in the vacuum, it may be 
inferred that this water is not merely hygroscopic, but chemically, though loosely 
combined ; and this view is corroborated by the fact that the crystals, in parting with 
this water, undergo physical alteration, becoming opaque and brittle. The numbers 
show that uranite in its original state contains 10 mols. H'^O, of which 6 mols. are 
given off under the air-pump. 

Cerium Pbospliates. Monazite from Arendal, in large dull crystals, free from 
thorium, has been analysed by Rammelsberg («7a5r5./. Min. 1877,831). A. Direct 
result of analysis. B. Correcited.for admixtures. 0. Values calculated according to 
the formula (Ce, La, Diy-^P^O*, in which Ce : (La, Di)~2 : 3; and Ce-138; 
La, Di«140. 



P‘0* 

Co‘0‘ 

La*0*,l)i*0* 

Fo‘0* 

CaO 

SiO‘ 


A. 

28*78 

27*73 

39*24 

1*30 

0*90 

1*60 

* 99*66 

B. 

29*92 

28*82 

40*79 

— 

— 

— 

» 99*53 

0 . 

30*28 

27*72 

42*00 

Sp. gr. 

*6*174. 
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According to these results, monazite free from thorium must be identical with crypt- 
olite (iv. 558). 

P. V. Jeremejew (J^tschr. Kryat. i. 398) describes crystals of monazite from the 
Ilmen mountains, exhibiting combinations of the forms odPqq, odPoo, ooP, +Pgo, 
Poo .OP, and twins according to OP, 

An analysis of turnerite by F, Pvp,ani {Jahrb,f. Min. 1877, 412), made on a very 
small quantity of material, gave the approximate values Pq* 28*4, CeO 69T, LaO 
8’9 = 96*4, showing the identity of turnerite with monazite.* 

Cbromlo Pbospbate. The violet modification of this salt, Cr‘(PO*)^-f- 12H^O, 
gives off 7H“0 at 100°, and is converted into the green modification ; with nitric and 
sulphuric acids it behaves like the violet sulphate (Etard, p. 458). 

Oluolnum Pbospbate« Gl'(PO^)^ is precipitated on adding ordinary disodic 
phosphate to a solution of normal glucinum sulphate (Atterberg, Bull, Soc, Chim, 
[2], xix. 497). 

Z^on Pbospbates. When sodium phosphate and ferrous sulphate are enclosed, 
together with carbon dioxide and a little water, in a sealed tube, the ferrous phos- 
phate produced by double decomposition of the two salts is coloured blue (even in the 
dark) by the action of carbon monoxide forpied by reduction of the dioxide. About 
one-sixth of the carbon dioxide is thus reduced in a few days. An ethereal solution 
of chlorophyll is separated by hydrochloric acid into two layers, the upper of which 


4 Turnerite waa originally regarded as a silicate (v. 919). 
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contains iron, limo, and phosphoric acid — ^that is to say, tno constituents of viyianite 
(E. N. Horsford, Ber. vi. 1390). 

F&rric Phosphates (Millot, Bull. Soc. Chim. [2], xxii. 242). — The well-known 
precipitate obtained on adding ordinary sodium phosphate in excess to Sk ferric salt 
has the composition Fe-()®.P“0* + 6H-0 or hV(PO'‘)'‘* + 611-0, and yields on ignition 
the anhydrous salt Fe-(PO^)’*, which is insoluble in water and is decomposed by 
alkalis. ' 

The salt 2hV0*.3P-0*+ 10H®O, first prepared by Rammelsberg, is obtained easily 
and in any required quantity by treating ferric oxide with excess of phosphoric acid, 
either at ordinary or at higher temperatures, adding water, filtering, heating the 
filtrate to the boiling point, and drying the resulting precipitate at 100°. This salt 
giva 3 ofiT all its water at a red heat, and is then no longer soluble in acids. The salt 
Fe-6*.2P‘-0® + 8H'-0 is obtained by heating the last witli 2 mols. phosphoric acid. 

According to G. W. Waino {Chem. News, xxxvi. 132), the ferric phosphate ob- 
tained by precipitating ferric chloride with sodium phosphate always has the com- 
position 2FeP0*+6H®0 or Fe‘^0*.PW + 6H*0, whether it be obtained by adding 
ferric chloride to excess of sodium phosphate, or sodium phosphate to excess of ferric 
chloride. 

On Andrewsite, a native iron phosphate from Cornwall, see p. 84. 

Ziead Pbospbates are decompostKl by nitric acid, with formation of lead nitrate 
and free phosphoric acid, the decomposition being complete if the nitric acid is of such 
a strength that the lead nitrate will not dissolve in it (Duvillier, Compt. rend. Ixxxi. 
1251). Lead phosphate is easily decomposed by excess of potassium iodide, with 
formation of lead iodide or the double iodide of lejid and potassium (Campani, Gass, 
chim. ital. 1876, 461). 

lHagneslam Pbospbate. A compound of magnesium-hydrogen ortliophosphate 
with nitrogen tetroxido, 4MgHPO^.N-0^ is obtained by dissolving magnesium pyro- 
phosphate in nitric acid of sp.gr. 1*2.5; keeping the solution nearly at the boiling 
heat for some time to convert the pyrophosphate into orthophosphate ; then evapo- 
rating to dryness on a sand-bath ; reducing the white, gummy, fissured acid residue 
to coarse powder; and heating it somewhat more strongly —best in a paraflfiu-bath — 
till it assumes a rusty-brown colour, and ceases to give off acid fumes. The compound 
thus prepared is a crystalline powder, whitish -yellow at ordinary, rusty-brown at 
highefr temperatures, and becoming whitish-yellow again on cooling. When strongly 
heated it gives off water and nitrogen tetroxide, and leaves a residue of magnesium 
pyrophosphate (E. Luck, Zeitschr. anal. Chem. vii. 255). 

Mangranese Pbospbates. These salts have been examined by Erlenmeyer a. 
Heinrich {Liehifs Anmlen, cxc. 189). 

Monomavganous Phosphate, MnH^(PO*)'‘' + 2H20, previously obtained by 
fieintz (iv. 571), is prepared by dissolving recently precipitated manganous sulphide 
in excess of phosphoric acid, leaving the solution to crystallise, and removing the 
mother-liquor by washing with ether free from water and alcohol. At 100° it 
gives off water, and is partially decomposed, with separation of phosphoric acid. It 
remains unaltered in dry air, but deliqucsce-s in moist air, forming an acid liquid 
from which crystals of the dimanganous salt .<<eparate out. The same change takes 
place when the monomanganous salt is treated with cold water, so that Heintz’s 
statement that this salt is easily soluble in water cannot bo regarfled as correct. 

Dimanganous Phosphate, Mn2H*(PO*)* + 6H-0, or MnllPO^ + 3H*0, may be 
obtained by methods already described (iv. 571), or, according to Debray {Ann. Chim, 
Phys. [3], Ixi. 433), by treating manganese carbonate with aqueous phosphorir^. acid, 
and heating the resulting solution to 70°— or in larger quantity and better crystals by 
heating the same solution with silcohol till* it becomes turbid, and then leaving it to 
itself for awhile. The crystals thus obtained are, according to Haushofpr’s measure- 
ments, orthorhombic, having the axial ratio, « : 6 : c =3 0*9445 : 1 : 0*9260, *aDd mostly 
exhibiting the combination ooPoo , oof oo . OP . P . ^P . jf oo . An anhydrous 
dimanganous phosphate, Mn'‘‘(PO^H)^ is obtained by boiling the monomanganous salt 
with alcohol. 

Trimanganous Phosphate, (Mn)*(PO<)® 4- 7H20, is obtained in indistinct 
crystals by precipitating manganous sulphate with excess of disodic phosphate : it 
gives off half its water over sulphuric acid. A triman^nous phosphate, differing 
somewhat from the preceding in the manfter in which it gives off its water of crystal- 
lisation, is obtained in needle-sh<aped crystals by treating the dimanganous salt with 
cold water It effloresces on exposure to the air, the effloresced product containing 
from 9 to 1 1 mols. water according to the degree of moisture of the air. Over sul- 
phuric acid, however, it is likewise converted into the salt with 7 mols. H®0. 
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A p&ittamanganous p?iosphate, Mn“H''*(PO‘)^ + 4H'-0, is obtained by filtering the 
liquid resulting from the decompoHition of the moiiomanganous salt by water, and 
keeping it for some time at the boiling heat. It then separates in rose-coloured, 
rather large and well-defined crystals, which give off their water at 150®, and become 
, opaque, without melting, at a rod heat. According to Haushofer’s measureniouts, 
they aire monoclinic. Axial ratio a : b< <?= 1*9927 : 1 : 1*7122. Angle ttf = 82® 26'. 
Combination ooP . OP . 4^oo . The prismatic faces are vertically striated. Many 
crystals likewise exhibit the positive hcmidomo Poo (Erlenmeyer). 

When pure manganeso dioxide or a permanganate is dissolved at 100°-1 10° in 
syrupy phosphoric acid, a dark amethyst-blue syrup is obtained which is dissolved in 
all proportions by water, with ruby-rod colour (Barreswil’s test, Compt. rend. xUy. 
077) ; and on heating the solution in the wator-bath, it becomes colourlo.ss, and de- 
posits a greyish-green muddy precipitate of a peculiar phosphate, which when dried 
at 106° forms a light greenish-grey powder, jippoaring under the microscope crys- 
talline and slightly double-refractive. It is insoluble in water, but when boiletl 
with hydrochloric acid, it forms, with evolution of chlorine, a clear light yellow solution 
containing nothing but manganese and phosphoric acid. From this and the following 
phosphates, ammonium sulphide throws down the m;inganese, not as a flesh-coloured 
Iwdratod sulphide, but as a blackish-green anhydrous sulphide. At a low red heat, 
this phosphate gives off a considerable quantity of water, and assumes a browni.sh 
ash-grey colour. At 100°- 110° it redtssolves in .syrupy phosphoric acid, producing 
the original amothy.st-red liquitl. On saturating phosphoric acid w’ith this phosphate 
at the siimo temperature, and concentrating tho solution on the sarid-bfith, a second 
phosphate is deposited in six-sided plates or tabular rhombohet Irons, or rhombic 
dodecahedrons, ram. in size, strongly lustrous, double-refracting, amethyst-coloured 
when hot, djirk ruby-red, at ordinary temperatures. Jhese crystals, which are 
insoluble in w'ator, are pt^liaps identical with pcacdi-blossoin colouj’cd manganicr 
motophosphato. By conctmirating tho amcthyst-bhie phospliate over a gas-flame at 
a low red heat, a third pho.sphato is obfciinetl in the form of a honey-yellow trans- 
parent glass, soluble in all proportions in water; and on finally driving off the excess 
of phosphoric acid at a rod heal, a fmrth phosphate is left, in the form of brilliant 
grey necdlo-shai^ed cry.stals, infu.sible, and permanent in the fire (W. H. Laspeyres, 
J. pr. Chem. [2 1, xv. 320). 

Pykophosi’HAtks, MIP‘'0'-(M'0)2()P -P0(0M7'. A number of these salts, 
principally double salts, Inive been prepared by C. N. Pahl {Ber. vi. HG5), in most 
cases by dissolving the pyrophosphate of a heavy metal in a solution of an alkaline 
pyrophosphate. Tho following have been analy.sed : 

. Mn^P^QT + 

2NaH^HP . 3Mn=P'-'0^ + 24ll‘-X) 

Na^P'O' . IMn^PW + 911-0 
Zn‘^P‘^ 0 ^ -I- 5 IPO 
3xNH•P•‘^0^ Zn-PW + 24H20 
NaT- 0 ^ .Zn^P-O' + 2 .}, 3 A, and 811=0 
■lNa^P'-0^ r>Zn‘P<V + 2011=0 
Na'P= 0 ^ . 4 Zn-’F-' 0 " -t- 1211=0 

r>Na'P=()' . Fe'P« 0 =' + 71 PO 

2 Na'P= 0 ’ . Fe^P» 0 =‘ + 5 and 6 H =0 

Na'P= 0 ^ .Cd=P=(V + 8 H =0 

Cu=P-' 0 ^ . Cu=H= 0 = f 3 H =0 

‘ . 3 K'P= 0 = .Cu-P-’O^ -I- 4 H 20 

3Na<P=0» . Cu=P=0^ + 4, 24, and 3211=0 

2Na<PW . 3Cu=P=0’ + 16, 20, and 21 H=0 

The following table exhibits the specific gravities of several pyrophosphates, .is 
determined'by pupils of F. W. Clarke {Sill. Am. J, [3], xiv. 281): 


Salt Specific gravity Detenniiied by 


Na'PH)’ .... 

s 2*3851*1 

• }and 2*3613 { 

at 17° 

C. A. Mohv 

Na*P*0’ + lOlI-O 

l*7726t 

„ 21° 


Mg'PO’ 

f2*-598t 
) 2*559 

22- 
„ 23^1 

; G. W. Lewis 

Mn’P'O’ 

f 3*5847 
) 3*5742 

„ 20° j 
„ 26° i 

> 

► 


* Sohr'oder found 2*6.34. 

VOL. VIII. 


t Playfair a. .loiile fonmi 1*83. 
5 L 


t Schriidef found 2*22. 
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Determined by 
Gr. W. Lewis 

ft 

ti 

for nodium rmtafhoi'phaU^ NaPO*, C. A. Mohr 2'4766 at I9’6® and 2-4769 at 18®; 
for ‘potassium metaphosphate ^ KPO*, 2*2639 and 2*2513 at 14*5® ; for trisodic ortho- 
phosphate, Na‘PO\ 2*5111 at 12® and 2*5362 at 17*5°. 

Double pyrophosphates of lithium with sodium and potassium have been pre- 
pared by Kraut, Nahnsen a. Guno (Liebig* s Annalen, dxxxii. 165). Mixtures of the 
aqueous solutions of sodium pyrophosphate and lithium chloride, when left at rest at 
ordinary temperatures, deposit a double salt only when the lithium pyrophosphate k 
in excess; when the mixtures are heated, a precipitate of the double salt is dso. 
formed more quickly in proportion as the quantity of lithium salt is greatep* With 
an excess of sodium salt, the formation of a crystalline precipitate takes plto only 
after prolonged boiling. The composition of the precipitates diifers according to 1^4 
proportion of the two salts present in the solution. Double pyrophosphates of lithioiip 
and potassium are formed in the same way, but less readily. ' • 

When calcium pyrophosphate is exposed for several hours to a dull red heat, a&d 
Iho fused mass is stirred with an iron spatula, a perfectly transparent glass is obtained, 
which after cooling exactly resembles ordinary glass in appearance, has a density of * 
2 6, and a refractive power equal to that of crown-glass (l-52r)). It may bo worked' 
like ordinary glass into prisms, lenses, &c., and cut and ground into various fonnt^*^ 
It does iKjt (lissolve any metallic oxides except those of cobalt and chromium. It 
resists the action of acids at ordinary temperatures, but is attacked by them wheq. 
heated; also by pota.sh. On the other hand, it completely withstands the action of 
hydrofluoric acid, and may therefore be used for making spectacles for workmm who 
are exposed to the fumes of that acid ; it may also be applied to the making of enamel 
(Sidot, Compt. rend. Ixxxiv. 1501). 

Phosphoric Ethers. On the action of Ethyl Phosphate on the Chlorides of 
Phosphorus, sec p. 1589. 

Phenylpliosphorlo Acids and Cblorldes (Jacobsen, Ber. viii. 1519). 

Mcnophevylphosphoric Chloride, P0(00*IP)CP, is formed by adding 1 mol. 
phenol to 1 mol. POOP, then heating, di.stilling, and fractionating. It boils at 241°- 
243®, and is converted by access of moisture into 

Mono phenyl phosphoric Acid, PO(OC®IP)(OH)*.— This acid forms thick deli- 
quescent needles melting at 97'’-98®. During the concentration of its solution it 
partly decomposes into phenol and pho.sphoric acid. By distillation it is resolved 
into phenol and inetaphosphoric acid. Its barium salt is very soluble in water, and 
cry.stallises in transparent prisms. 

Diphenylphosphoric Chloride, PO(OC®II*)*Cl, produced by the action of 
several molecules of phenol on 1 mol. POC’K boils at 314®-316° (bar. at 272 mm.), 
and offers a somewhat considerable resistance to the action of alkalis. 

Diphenylphosphoric Acid, P()(OC®IJ*')WI, formed from it, is an oily liquid 
slightly soluble in water and in alcohol. Its sodium salt crystallises in transparent 
needles. 

Triphenyl Phosphate, PO(OC®IP)* formed in the last-mentioned reaction, 
together with diphenylphosphoric chloride, crystallises in slender needles, melts at 45°, 
and boils at a very high temperature. It is insoluble in water, but dissolves readily 
in alcohol (Jacobsen). 

Benzyl-phenyl Phosphate, (C’®ll”)*PO*ssPO[OC®IP(C'IP)]®, is obtained by 
heating benzyl-phenol, C®IP(C^1P)0H, on the water-bath with phosphorus penta- 
chloride, and decomposing the product with water. When purified by washing with 
a small quantity of other, it forms white crystals, sliglitly soluble in ether, more 
readily in alcohol and in chloroform, melting at 93°-94® (Patern6 a. Fileti, Gazz^ 
chim. it at. vi. 121). 

Triphenyl Monothiophosphale, PS(OC®II*)’, is prepared by boiling a mixture ^ 
of phosphorus thiochloride (1 mol.) and phenol (3 mols.) in a reflux apparatus till the* 
liquid assumes a darker colour, then treating the cooled product with soda-ley, and 
cry.stallising it from alcohol: 

PSCl* + 3C®H®OII = 3HCI + PS(OG«H»)». 


Salt 

Co*FO' . 
Ni“P*0‘ . 


Speoiflo gravity 
5 3*7538' 

land 3*7673 
<3*746 
; 3*710 
: 3:9308 
; 3*9064 


at 23° 

„ 23® ( 
M 25° { 
„ 25° ( 
» 27 °; 
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This ether forms small white needle-shapedvcrjrstals which turn red on exposure 
to light, but lose this colour kept in the dark. It is insoluble in water, but* 
soluble in ether, chloroform, benzene, and carbon sulphide. It melts at 40°, and boils 
with decomposition at a temperature above 360°. On mixing its alcoholic solution 
with a solution of thallious oxide, thallium, sulphide is precipitated and triphenyl- 
phosphate is produced. The tliio-cthei; is not altered by boiling with water. Strong 
nitric acid does not act upon it, but tho red faming acid oxidises it partially, with 
separation of a red oil, and completely when heated with it under pressure (P. Schwarzo, 
J. pr. Chem. [2], x. ^22). 

Triphenyl Trithiophosphate, P0(SC“1I*)*, is formed on boiling phosphorus 
oxychloride with phenyl-mercaptan, and separates after some time from tho col(f- 
saturated alcoholic solution in well-defined prisms, apparently rnonoclinic. It is 
insoluble in water, but dissolves in alcohol, ether, benzene, chloroform, and carbon 
Sulpldde, molts at 72°, and boils with decomposition at a temperature above 360°^ 
With nitric acid it reacts like the monosulplmrettcd ether. It is decomposed by 
gentle. heating with water, a mixture of acid phenyl-ethers of thiophosphoric acids 
passing into solution, while a mixture of neutral ethers remains undissolved 
(Schwarze). 

■ Triphenyl TetraihiophosphaiCy PS(SG‘*ll*)®, prepared with phenyl mercaptan 
,ahd phosphorus thiochloride, forms white needles having a silky lustre, and melting 
at^ 86°. It is insoluble in water, hut dissolves in alcohol, other, benzene, chloroform, 
and carbon sulphide. It does not volatilise without decomposition. With water and 
with nitric acid, it reacts like tho monothiophosphoric other. Attempts to convert it 
into triphenylphosphino liy tho action of metals (bismuth, copper, thallium) were 
unsuccessful (Schwarzo). 

PBOSPKORVS SUX.PBZBES ((1. Ilamitte, Bcr, xii. 13/)0). Phosphor us 
pentasidphiiU is obtained in palo yellow prisms, by heniting in sealed tubes at 210" for 
eigAt hours a solution of sulphur and common phosphorus in carbon bisulphide. 
Attempts to prepare the ti'isulphido by this lutjthod, or by h(!ating a mixture of 
amorphous ph().spliorus and sulphur, wrero unsuceesslul, the product iu each case 
insisting of the disulphide PS'-’, or, according to its vapour-density, Phosphorm 

disulphide crystallises in palo yellow transparent needles, w'hich melt at 29G°-298". 

Heated with water at 150°, it yiedds phosphorous, phosphoric, and hydrosulphuric 
acids. The compound is obtained by heating a mixture of sulphur and red 
phosphorus in a tube at 260°, or by heating P=*S'* wdth common phosphorus in a 
current of CJirbonic anhydride at 320°. It dissolves freely in carbon bisulphide, and 
separates from tho solution, on evaporation, in palo yellow prisms molting at 166°. 

The substance dascribed by Berzelius as P-S'^' (iv. 605) is not a definite com- 
pound, but consists of crystal.^ of sulphur mixed with a small quantity of phosphorus, , 
The liquid sulphides of phosphorus mentioned by Berzelius are mixlurcs of sulphur 
and phosphorus, which are separated by distillation with water. 

PBTHABiilll'ZBS. Syn. with Phknyl-phtualt M inus (see Pj{fhali:\iid£s). 

PBTBAZiSZnrS and PBTKAUBS (vii. 977). 1. Pbenol-plithalein, 

(A. Baeyer, Bcr. ix. 1230; xii. 642). This compound is obtained: (1). Bv 
the action of phtlialic anhydride on phenol in presence ot’.sulphuric acid : 

+ 2G«nfo - H'-’O + c'>np‘0‘. 

Five parts of phthalic anhydride, 10 pts. phenol, and 4 pts. strong sulphuric acid are 
Iniatod at 120° for ten hours, tho resulting mass is boiled with w'utcr, and the residue 
dissolved in dilute soda-ley. On filtering the liquid, tho anhydride of plienol-phthabiVn 
remains undissolvcd, and the filtrate mixed with acetic acid and a small quantity of 
hydrochloric acid, deposits the plithalein, which may bo purified by solution in alcohol 
and boiling with animal charcoal. The alcoholic solution mixed with water and heated 
to the boiling point depo.sit8 the phthalcin in tho form of a white or yellqwdsh granulo- 
ciystalline powder. From tho aqueous mother-liquors or from a solution in over-heated 
water, it may be obtained in larger crystals, which, according to Groth, are tricliuic. 

(2). From Dipheiiyl-phthalidc, formerly called Phthalo- 

phenone (p. 1619). When this compound is added at. ordinary temperatures to fum- 
ing nitric acid, a mixture of isomeric dinitrcdiphenyl-phthalules is obtained, which, 

\ by reduction with tin and hydrochloric acid, yields a mixture of diamido-com- 
pounds; and on removing the tin by hydrogen sulphide, precipitating with sodium 
Sirbonate, and dissolving the resulting precipitate in hot alcohol, tho solution on 
deposits iidiamidodiphenyl-phtkalideyC'^'iV\'^^^YO\\Ti thick plates having 
an adamant ine lustre and melting at 179°-180°, the mother-liquor w hen concentrated 
, 5 l2 
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yielding a small quantity of an isomeric compound in crystalline crusts melting at 
205°; and finally, on dissolving the diamido-compound melting at 179°-180° in an 
acid, and heating the solution with potasssium nitrite, the corresponding dihydroxyl- 
campound, is obtained, which dissolves in alkalis with violet colour, 

and is identical in every respect with the phenol -phthalein produced from phenol and 
phthalic anhydride. ' 

Phenol -phthalein is therefore dihydroxy-diphenyl-phthalide, and is closely 
related iu constitution to rosolic acid : 

c*h<c(C‘h;oh)=^o 

Fhenol-phtlmlcYn. Rosolic acid. 

Its formation from phthalic anhydride and phenol is represented by the equation : 

+ 2C«H»OH = H*0 + 

and is analogous to the action of aldehydes on phenols in presence of dehydrating 
agents, e.g. 

CHICOH - 1 - 2 Cm^On = H^O + Cn».CU(C®H<OH)‘-. 

Phenol -phthalein is converted by fusion with potash into benzoic acid and 
di hydroxy ben zophenone : 

= 0*U‘.C0’‘H + CO(C«H<OH>“ 

With phosphorus pentachloride, it yields diclilorodiphonylphthalide. 

Strong nitric acid converts phenol-phthalein into a nitro-compound reducible by 
tin and hj’drochloric acid to amidophenol-phthalein, the hydrochloride of w^ich 
dissolves in soda-ley with blue colour, and when heated to 170° with sulphuric acid, 
yields a derivative of anthraquinoiic, probably alizarin. 

Tetrabromo-phenolphthalein^ is formed by the action of bromine in 

excess on phthalein. It crystallises in short colourless prisms, which melt at 220°- 
230°, and are sparingly soluble in alcohol and glacial acetic acid. In alkalis it dissolves 
with violet colour, which disappears with excess of the solvent; but the violet am- 
moniacal solution is not so decolorised. Heated for six hours at 146°-160° with 
strong sulphuric acid, it is converted into dibromoxyanthraquinone and dibromo- 
phenol ; 

= C*^H«Br20» + C«IPBr‘'.OII. 

Phenol-phthalein Hydrate, — Phenol-phthaluin, when fused with sodium hydrate, 
yields phenol-phthalein, which is not decomposed even when strongly heated ; but 
when the phthalein is heated at 1 00° with three times its weight of potassium hydrate 
ft>r 24 hours, a substance is formed which crystalli.ses from water in long rieedUs 
agreeing in composition with the formula + 2IPO. 

Diaceiyl-phenol'phthaleinf is readily formed by boiling pbtha- 

loTo with acetic anhydride. It crystallises from wood-spirit in colourless tables nielt- 
kig at 143°. 

I^cnol-phthalein chloride, C“II*'-'0'CP, is formed by the action of phosphorus 
Xientachloride at 125° on phenol-phthalein. *tt crystallises from glacial acetic acid 
and alcohol in beautiful silky laminae, which melt at 155°-156°, and sublime without 
decomposition. It is reduced by hydriodic acid. 

Phenol-phthalin, = or 

(C®IPOH)*CH.C®H®.COOH, is formed by the action of zinc-dust on phenol-phthalein 
dissolved in alcohol. It crystallises in small needles, and forms with potash a colour- 
le.ss solution which is coloured deep red by potassium ferricyanide, phthalein being 
reproduced. When boiled with acetic anhydride, it yields a di-acetyl-compou7id, which 
is difficult to purify. 

Tetrabromophenol’phthalin may be obtained either by reducing tetrabromophenol- 
phthaleiri in ammoniacal solution with zinc dust, or by treating phenol-phthalin 
with exces.s of bromine in alcohol or glacial acetic acid. It crystallises readily, melts 
at 140'% and dissolves without colour in alkalis. Its acetyl-compound is crystalline, 
and melts at 166°-166°. 

0®Il<OHv 

Phenol-pht halidifif \CH — C®]I®. — This compound is 

I 

! CO 
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formed by the action of sulphuric acid on phenol-phthalin, and is thrown down hy 
water from the acid solution in the form of an amorphous yellowisli precipitate, 
which dissolves readily in ether to form a yellow solution with greenish fluorescence. 
It is not crystallisablo, and oxidises easily in the air, so that it cannot well be 
analysed ; but the composition of the bromine-derivative described below shows that 
its formula is and consequently that it is formed by elimination of water 

from phenol-phthalin, into which substance it is reconverted by heating it with water 
at 176°. It dissolves in alkalis without alteration in the absence of air. 

TetrahroTnophevM-phthalidin^ C^H^^Br^O*, is thrown down by water from a solu- 
tion of the tetrabromophonol-phthalin in strong sulphuric acid, as a yellow precipitate, 
which crystallises from alcoliol in yellow needles. It dissolves sparingly in alcohol 
and glacial acetic acid, freely in ether and acetone, and forms yellow solutions in alkalis. 

Cn^OHv 

Phenol-phthalidein^ = \COH— C®H'. This compound, 

c®H>on^ 1 

' CO 

metameric with phenol-phthalo'in and related to phenol-phthalidin in the same 
manner as triphenyl-carbinol to triphcnyl-methane, is produced by oxidation of 
phenol-phthalidin, the best roiigent for the purpose being potassium mangauatc in 
alkaline solution. It crystallises from glacial acetic acid in colourless, thin, tabular 
crystals, and from weak spirit in thin laminae, which melt at 212 ’. It dissolves in 
potash-ley, with yellow colour, and is precipitated from the solution in colourless 
amorphous flfjcks by acids. It forms a deep violet solution with sulphuric acid, the 
smallest portion of phthalidei’n being enough to colour a largo quantity of the aciil. 
Its alkaline solution is reduced by zinc-dust to phenol-phthalidin. 

IHacetyl-phcnol-'pJiihalideiri^ C*“H**0^(C*11®0)-, obtained hy boiling phonol-phtha- 
lidei'n with acetic anhydride, crystallises in small prisms melting at 

Phenol-phthalidein chloride^ formed by the action of phosphorus penta- 

chloride on phenol-phthalidcin at 126°, crystiillises from alcohol in silky needles, which 
melt at 166°. 

Teirabrom<>phenol''phthalideini C‘®H'®Br^O^ is formed either by the action of 
bromine on phcnol-phtluilidein, or by the oxidation of tctrabromophenol-phthalidin. 
It crystallises from alcohol in colourless opaque crystals, which melt above 280° ; 
dissolves in alkalis with yellow, and in strong sulphuric acid with blue colour. When 
heated to 140 ’ with sulphuric acid, it behaves like tetrabromophenol phthaleVn, yield- 
ing dibromoxyanthraquinone. The diacetyUcompound, C'‘®Il"(C‘H®0'‘)Hr^0 ', formed by 
boiling it witli acetic anhydride, melts at 182°-183° 

Compounds of Phenol -phthalidein with Phenols. — When a phenol is added to the 
solution of the pbtlialiilei’n in strong sulphuric acid, the colour of the solution at once 
cluiiigcs from violet to blood-red, and on addition of w’ater a red amorphous precipi- 
tate is thrown down. The compound with phenol is an amorphous brick-red powder, 
which dissolves with deep violet colour in alkalis, and is thrown down again by acids 
as a yellowish-red precipitate. Its alcoholic solution, when treated with bromine, 
yields a crystiillino substitution-product, soluble with blue colour in alkalis. Tctra- 
bromophenol-phthalidcin similarly combines with phenol, as does also phenDbplitliali- 
dei’n chloride. The plienol-cornpound forms with ammonia at 160°-160° a crystalline 
substance soluble in alktilis, and with^blue colour in strong sulphuric acid. 

Phenol-hydroxy-p hthalein, C“H»0» = C“H>(OH )<^cO— , a com- 
pound closely resembling phcnol-phthalein, is formed by heating liydroxyphthalic 
anhydride with phenol and sulphuric acid, at 116°. It is somewhat more soluble in 
water than phenol-phthalein, and its dilute alkaline solution is rose-rod. It is reduced 
by zinc-dust to a colourless hydroxyphthalin, which, by the action of concentrated 
sulphuric acid, is converted into a greenish-yellow hydroxyphthalidin ; the latter, like 
the phthalidin, is oxidised by sulphuric acid and manganese peroxide in the cold, 
yielding a colourless hydroxyphthalidoin, which dissolves in sulphuric acid, with a blue 
violet colour (Baeyer, Per. x. 1079). 

Diimidophenol-pht halehif (Baeyer a. Burkhardt, 

Ber. xi. 1297). — The ammonium salt of this compound is formed by heating phcnol- 
phthalein for three hours at 160°-! 70° witli 10 pts. of aqueous ammonia; and on 
treating this salt with an acid, the free diiniido-compoun<l is obtained as a yellowisli 
amorphous precipitate, which may be purilied by treating its alcoholic solution with 
animal charcoal, and recrystallising it from a mixture of alcohol and benzene. It is 
somewhat soluble in boiling water, dissolves readily in alcohol, acetone, and glacial 



1606 


PIITHALEINS AN]) PHTHALTNS. 


Hcotic acid, sparingly in benzene and in chloroform, and crystallises in small colour- 
less pointed needles molting at 265°-266°. It is dissolved by alkalis without 
coloration, by strong sulphuric acid, with yellow colour. Heated at 100® with strong 
hydrochloric acid, it is resolved into phenol-phthalein and ammonia. 

Tetrahromodiimidophenol-'phthdeint prepared in like 

manner by heating tetrabromophenol-phthalein with 10 pts. aqueous ammonia for 
three hours at 160°-180®, melts at 280®, and is converted by acetic anhydride into 
the tetraceiyl-derxmiive^ 

which melts at 241®. Tetrabromodiimidophenol-phthalei’n is converted by nitrous 
acid in alcoholic solution into dihformdinitrodiimiJiophenol-phthalnn : 

C»H <C[C>H»ByOH]^ ^II 


Resorcinol-plithaleiii, and Fluorescein, 

= c«H<co.g'H;(on)^o 

Fluorescein, the anhydride of resorcinol-phthalein, was discovered byBaeyerin 1871 
(vii. 524) ; some of its derivatives were obtained by E. Fischer in 1874 (Ber, vii. 
1211), and numerous others have more recently been prepared and examined by 
Baeyer {Liehiys Annalen, clxxxiii. 1). It is prepared by heating phthalie anhydride 
with resorcinol : 

+ 2C«IiW = 2WO + C2«II'20S. 


6 pts. of phthalie anhydride and 7 pts. of resorcinol aro heated at 195®-200® till a 
solid mass is formed; this mass is boiled with water ; and the undissolved portion is 
washed with alcohol, "which dissolves resinous bye-products. Tho crude lluorcscoi’n 
thus obtained is dissolved in dilute soda-ley, precipitated with dilute sulphuric acid 
and extracted with ether. On adding a little absolute alcohol to this solution and 
distilling off the ether, fluorescoi'n crystallises in grains or crusts. Tho crude fluo- 
rescein may also be purified by boiling it with a quantity of dilute soda which is 
insufficient to dissolve the whole, or by adding cjilci urn chloride to its alkaline solution, 
filtering off the dark brown precipitate, and adding sodium phosphate, which produces 
a brown precipit«'ito of calcium phosphate. The liquid is then again filtered and tho 
pure compound precipitated from the filtrate by an acid. 

Fluorescein is an amorphous, yellow, flocculent precipitate, which, on standing, 
floating, or drying, becomes crystalline, and consists of -f- H-’O. Ji'rom alcohol 

it crystallises in dark red anhydrous grains, and from wood-spirit in yellow prisms, 
which probably contain methyl alcohol. It is almost insohiblo in cold water, and 
dissolves sparingly in hot water with a yellow colour; in presence of acids it is more 
freely soluble. When freshly precipitated it dissolves readily in alcoliol, ether, 
&c., but in tho crystallised state only slowly, and after continued boiling. In hot 
acetic acid it is readily soluble, but nearly insoluble in benzene, toluene, and chloro- 
form. The ethereal solution is pale yellow, andnf>t fiiioreseent, whereas the yellowish- 
red alcoholic solution shows a green fiuoresceiic*.* It may he heated to 280° without 
change, and begins to decompose at 290^. It dyes silk and wool yellow, but does not 
combine with mordants. 

Fluorescein is a very weak acid, dissolving in strong alkalis with a dark rod 
colour. This solution is not fluorescent, but changes on dilution to yellowish-red and 
yellow, and then exhibits a splendid yellowish-green fluorescence like that of uranium 
glass ; and even if so much water is added that the liquid appears colourless in trans- 
mitted light, it shows in reflectod light a green tinge like the colour of some Alpine 
lakes. Tho concentrated solution allows only the rod and yellow rays to pass, 
whereas when dilute it gives an absorption- spectrum with a broad dark band in tho 
green. 

When alcoholic ammonia is added to a solution of fluorescein in ether, a reddish- 
yellow precipitate is formed, which loses ammonia on boiling or drying. In lime- and 
baryta-water fluorescein dissolves with ajL*eddish-yellow colour ; its alkaline solution 
is not precipitated by magnesium salts, while alum produces a reildish-yellow precipi- 
tate, which, on further addition of alum, becomes yellow, and then consists of pure 
fluorescein. The salts of some other heavy metfils behave in a similar way ; the lead 
and silver salts are more stable, and form rcnldish preeipiuites. 

The striking colouring properties of tlimrescejn afford tlic means of detecting even 
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traces of resorcinol in presence of other phenols. It is only necessary to heat 1 he 
substance with an excess of plithalic anhydride to near the boiling point of the latter. 
If the melt remains colourless, neither resorcinol nor pyrogallol or phloroglucol is 
present, but if it has a yellowish -red colour, these substances may be present. In tlio 
latter case the residue is dissolved in dilute soda, the smallest tr;ice of resorcinol then 
becoming apparent by the fluorescence of the solution, while pyrogallol yields a blue, 
and phloi-oglucol a yellow liquid, which are not fluorescent. If a large proportion of 
pyrogallol should interfere with the reaction, a solution of potassium permanganate is 
carefully added, which destroys the gallein at once, but acts only slowly on the 
fluorescein. 

When fluorescein is heated with soda-ley and zinc-dust, the solution becomes 
colourless. On adding an acid and shaking with ether, Jluorescin dissolves, and 
remains on evaporation as a colourless varnish. It forms an alkaline, colourless 
solution, which absorbs oxygen, while oxidising agents reconvert it quickly into 
fluorescein. 

Fluorescein dissolves in concentrated sulphuric acid, with a dark red colour, a 
compound of the two bodies being formed, which is obtained pure by heating 2 mols. 
of resorcin and 1 of plithalic anhydride with an equal weight of sulphuric acid at 100® 
for five to SIX hours. The melt is washed with cold water and crystallised from wood- 
spirit at a low temperatiiro. In this manner yollowish-rcd prisms arc obtained, having 
the empirical formula (Pir*()“ + SO®, and melting at 140°-150°. They are decom- 
posed by rocrystallisation, become turbid in damp air, and are resolved by warm 
water or alkalis into their components. 

When fluorescein is boiled with .sulphuric acid for some time, rcsorcinol-cocrulin is 
formed, which is precipitafod by water in dark rod flakes. It dissolves in alkalis 
with a greenish blue, .and in ether with a reddish-violet colour, and is also soluble in 
water, the concentrated solution being red, anti the dilute splendid reddish violet. It 
is reduced in an alkaline solution by zinc-dust, and the red liquid thus formed again 
hj^comes blue on exposure to the air. 

Resorcmol-phthaUnn, appears t.o ho formed by the action of strong alkalis 

on fluorescein: for on boiling the latter with an excess of soda, the liquid, when suffi- 
ciently concciitrat(*(l, become, s dark violet, and crystals of the samtJ colour separate 
out. On adding water, the solution first Iwcomes red, then assumes a dingy colour, 
and on standing, or more quickly on heating, it assumes the colour of an alkaline 
solution of fluorescein, which is precipitated on adding an acid. When alcohol is 
added to tl;e violet solution, it becomes intensely violet, and then gives an absorption- 
spectrum having a dark band between the blue and green, and another l.)ctwceii*the 
green aiul red. If an acid be added to the violet alkaline solution, a yellow prccii)i1atc 
is formed, dissolving in ether with a yellow colour, and on tlien adding an alkali the 
latter becomes again viohit. These reactions show that rcsorein-phthalein is a stable 
body in presenc^^ of acids or strong alkalis, but that in a weak alkaline solution it 
soon changes again into its anhydride. 

Monoresorcinol-phthalcin, , is formed by boiling 

fluorescein with an excess of caustic soda. The violet colour then changes to a 
brownish yellow, and on dissolving the melt in water, and adding an acid, a milky 
liquid is fonneil, from wdiich crystals soon separate. These may l)e purified by 
crystallisation from dilute alcohol, and in this manner largo yellowis'h strijited 
crystals are obtained, which have the composition C“ll*'’()® + TI’O, and give ofF their 
water at 100°. They melt at about*200°, but decompose even below this tempera- 
ture when heated for some time. They dissolve sparingly in hot water, very freely 
in alcohol and ether, and form with alkalis a yellow solution, giving with silver 
nitrate a yellowish- white precipitate, which decomposes when heated, with separation 
of metallic silver. Moiioresorcinol-phthalein, heated with resorcinol, yields fluorescein, 
which is also formed by heating it alone, phthalic anhydride subliming at the same 
time : 

2C”H'®0» = + 2H20. 

When somewhat strongly heated with soda, it is resolved into r(?sorcinol and phthalic 
acid, which is further decomposed into carbon dioxide and benzoic acid. 


h^uoresccin-d(’rivativ('!i formed hy replacement of Hydrogen in the. Hydroxyl-groitps. 

Diacetyl-fluoreacchi. C2*H>‘'0»(C2H*0)-, is formed by heating fluorescein with 
four or five times its weight of acetic anhydride at 140°, until, on mixing a small 
quantity with alcohol, yellow crystals separate out, which are insoluble in ammonia. 
The whole is now treated in the same way, in order to convert the anhydride into the 
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acetic ether ; the crystals arc dissolved in acetic acid ; and tlie solution is poured into 
several volumes of alcohol, whereupon the pure compound crystallises in colourless 
needles melting at 200'’. It dissolves but sparingly in alcoliol and wood -spirit, 
readily in acetic acid and hot acetone, but is insoluble in other, benzene, and chloro- 
form. It is decomposed into fluorescein and acetic acid by boiling alkalis, and rapidly 
in alcoholic solution ; the same decomposition is produced by concentrated sulphuric 
acid and hot hydrochloric acid. 

Bihen z oyl-fiuoresce'in, is obtained by heating fluorescein 

with benzoyl chloride for an hour at 140°. The dark brown residue is boiled with 
water and crystallised from acetone. It forms colourless crystals molting at 216°, 
dissolves sparingly in alcohol, wood-spirit, and ether, but readily in hot acetone. 
Alcoholic potiish and concentrated sulpWic acid resolve it into its components. 

Monethyl -fluorescein^ — To prepare this compound, potash- 

solution is saturated with fluorescein, the liquid evaporated to dryness, and the residue 
heated for two or throe hours at 120° with more than 2 mols. of ethyl bromide and ton 
times its weight of alcohol. The solution thus obtained is diluted with water and treated 
with sodium carlh)nato to remove unaltered fluorescein. The moncthyl-coinpound is 
then extracted with ether, the solution evaporated, the residue dissolved in alcohol, 
and the solution concentrated. On heating the syrupy residue with other, monethyl- 
fluorescein crystallises in pale yellow needles melting at 155°-ir)6°. It is readily 
soluble in alcohol, wood-spirit, chloroform, and benzene, and separates from these 
solvents as a syrupy mass, miscible with ether, and crystallising therefrom in needles, 
which are but sparingly soluble in the pure solvent. Wlien water is added to a hot 
alcoholic solution, it becomes milky on cooling, and deposits turbid, yellow crystals. 
The compound is insoluble in dilute alkalis, which <leooinpose it on heating. Con- 
contratea sulphuric acid dissolves the ether with a greenish-yellow colour and a light 
green fluorescence, which disappears on adding water; on neutralising this solution, 
the unaltered compound is precipilafed, , 

Diethyl-fluoresccrn, is not formed by the action of ethyl 

bromide on the potassium-compound, and only .sparingly W'lnui the silver compound is 
heated with ethyl bromitle and ten time.« its quiint ity of alcohol. The reddish-brown 
solution thus formed is concentrated and precipitated with water; tlie precipitate is 
treated with sodium carbonate to dissolve unaltered fluorescein ; and the insoluble 
portion dissolved in other, which is then evaporated, and the residue crystallised from 
alcohol, from which it separat«‘S in pale yellow plates. The compound is sparingly 
.soluble in ether and alcohol ; the alcoholic solution shows a vivid yellow fluorescence. 
It is nut changed by dilute alkalis, but concentrated alkalis and sulphuric acid de 
compose it into alcohol and fluorescein. 

Fluorescein chloride^ C-®H“‘0*C1“, is easily obtained by heating 1 mol. 
fluorescein with 2 mols. phosphorus pentachlorido for an hour or two to 100”. The 
product is successively treated with boiling water, a warm solution of sodium carbon- 
ate, and boiling alcohol. On dissolving tlie residue in hot toluene, and adding alcohol, 
the chloride crystallises out, and may bo purified by repeating this o})eration. It 
forms colourless prisms melting at 262'*, and dissolving readily in hot benzene, toluene, 
and chloroform, sparingly in alcohol, ether, acetic acid ami chloroform. It is not 
changed by aqueous or alcoholic potash, while on fusing it with potash it is completely 
destroyed; but on heating it with slaked lime and a little water to 230° for some 
hours, it is again converted into fluorescein. Cold conconf rated sulphuric acid dis- 
solves it without alteration, but on Isiiliiig the Solution, decomposition takes place, 
and on adding water, dark red flakes are precipitated, which dissolve in ether with a 
wine-red colour. 

When the chloride is heated with an excess of fuming hydriodic acid to 160° for 
6 or 6 hours, the iodide is formed, crystallising from alcohol, other, and 

acetic acid in small, rhombohedral plates, melting at 229°-230°. It dissolves in 
dilute, but not in concentrated, alkalis. 

Fluorescein-derivatives formed hy replacement of Hydrogen in the Bemene-imcht. 

Binitro-fluoresce'in^ is obtained, but not quite pure, by dis- 

solving fluorescein in 20 pts. of sulphuric acid and adding to the solution at 0° 2 pts. 
of fuming nitric acid. It is an amorphous yellow powder, dissolving in potash with 
a hrown colour, which on heating changes to red and blue. On heating it with acetic 
anhydride, . the compound C-®H"(NO'‘‘)‘‘0®fOCOCH®)* is formed, crystallising from 
alcohol in pale yellow needles. The .same comfKjund is formed by acting with nitric 
acid on a solution of acetylfluorescei'n in sulphuric acid, but not by dissolving it in 
cold nitric acM, while, on heating, totranitrofluorescein is formed. 
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When dinitrofluorescein, oi*, better, its acetyl -compound, is boiled for five minutes 
with twenty times its weight of a ley containing 16 per cent, of alkali, the liquid 
clianges to red and then blue. Acids produce a yellow precipitate, crystallising from 
ether-alcohol in glistening red crystals, consisting of This compound 

dissolres in alkalis with a blue colour, which on dilution first changes into violet and 
then again into blue. In its absorption-spectrum the yellow is completely cut oif, 
and it shows a faint band between the- blue and the green. The potassium salt of 
this dinilro-Jlnorescein hydraie appears to bo formed by acting with alcoholic potash 
on dinilro-fluorescein, ablue crystalline body separating out, which is soluble in water. 

Hydrochloric acid and tin reduce dinitro-fluc'rescein in alcoholic solution, 
diamido-fiuorescein being probably formed. Its hydrochloride crystallises in greenish- 
grey needles, and dissolves in alkalis with a cherry-red colour. With nitrous acid it 
yields a body crystallising in yellow needles, and dissolving in alkalis with a light 
reddish-brown colour, and a strong dark green fluorescence. 

Tetranitro-fluorescAn^ is formed by adding an excess of fuming 

nitric acitl to about 5 grams of fluorescein ; a violent reaction soon sets in, and as 
soon as the whole is dissolved, the compound may be precipitated with water, 
washed with water and a little nicohol, and dissolved in 60 pts. of boiling glacial 
acetic acid. On cooling, it separates in colourless, warty crystals. It is sparingly 
soluble in alcohol, with a yellowish-rod colour and a faint yellowish-green fluor- 
escence. The odd il ion of a little mineral acid changes the colour into a pale reddish- 
violet, while on adding more, the. liqui<l becomes colourless. In alkalis it dissolves 
with a yellowish-rod colour, and in boiling water with a rod colour. It dyes on wool 
an inteii.se and fast orange. Dilute boiling alkalis do not change it, but concen- 
trated alkalis change the colour to bro^vn, and then to a pale yellow. 

Tin and hydrochbiric acid reduce tctranitrofluoresceVn to an amido-com pound, 
dissolving in alkalis with a splendid bluish-violet colour. In ammonium sulphide it 
dissolves with a brownish-red colour, which changes to violet on heating. Acids 
pivxluco a brown precipitate, crystallising from ether in brown needles, and dyeing on 
silk a dingy violet. 

Monobromofluoreace'in is formed by suspending fluorescein in 4 pts. of glacial 
acetic acid, and adding the required quantity of bromine mixed with 4 pts. of acetic 
acid. The compound is a yellowish-red amorphous body, which could not be obtained 
in crystals, and is changed by boiling acetic anhydride into a sticky mas.s. The 
alkaline solution has a reddish colour and faint green fluorescence. 

Dihromofluorescein is formed by using 2 mols. of bromine. It forms compact 
reddish-brown needles with a deep green reflex, melts at 200^-270°, and dis- 
solves sparingly in acetic acid, alcohol, and acetic ether. Its alkaline solution is 
roddish-ycllow, and shows a faint yellowish^reen fluorescence. On boiling, the liquid 
changes "into violet and blue, and the fluorescence into a dark green. On bf)iling it 
with acetic anhydride, the diacctyl-compound is formed, crysbillisiiig in colourless 
needles, wliich become red at 180°, and melt at 2()8'’"210°. 

Bibromodinitrofluoreacetnt C®II*Br‘(NO“)W, is formed by the action of 
nitric acid on dibromofluorcsccYn or by that of bromine on dinitrofluorescein ; also by 
dissolving 1 mol. of the tetraiiitro-compound in boiling acetic acid and adding 2 mols. 
bromine. It crystallises in compact yellow needles, which are very slightly soluble 
in alcohol and acetic acid, and dissolve in alkalis with a yellowish colour, changing 
to pale pink on addition of water. *It is not fluorestrent, but gives an absorption- 
spectrum resembling that of eosin. Its acetyl-derivative forms colourless needles 
which become violet at 210° and melts at 250°. 

Teirabro nioflunresce'in, or Eosin, C®’H'*Br'0*.— This beautiful body, which 
is now manufactured on the large scale, and has been introduced into commerce by 
II. Caro as a dye-stuff, is formed by mixing fluorescein with 4 pts. of acetic acid, and 
adding the required quantity of bromine, which is diluted with four times its weight 
of acetic acid. It is also formed by adding bromine to a mixture of fluorescein and 
alcohol. It is purified by converting it into the pure potassium salt, and decomposing 
it by a mineral acid. An amorphous reddish-yellow precipitate is thus obtairted, 
which is dried and dissolved in twenty times its weight of absolute alcohol, which is 
then distilled off until crystals begin to separate; or the potassium salt is decomposed 
by dilute sulphuric acid, and the liquid shaken with ether. The amorphous eosin is 
much more freely soluble than the crystals ;»the alcoholic solution is reddish-yellow 
and not fluorescent ; it is but sparingly soluble in acetic Jicid, and almost insoluble in 
water, chloroform, and benzene. The crystals obtjiined from alcohol consist of 
C“H*BrW-hO'H®0, the alcohol being given off at 100°. If tx> a boiling alcoholic 
solution water is added until it becomes turbid, and then a little hydrochloric acid, the 
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liquid on boiling becomes clear again, and dull flcsli-coloured crystals separate out, con- 
sisting of the pure compound. 

Eosin is a bi basic acid ; its salts are decomposed by mineral acids, but only im- 
perfectly by acetic acid. 

The potassium salt^ C”’®H®Br^O^K* + 6II-0, occurs in commerce as ‘ soluble eosin,’ 
and forms brown, indistinct, prismatic crystals, with a blue and yellowish-green 
reflection. To obtain it in well-defined crystals, 100 pts. are dissolved in 50 pts. of 
water, and after addition of 100 pts. of alcohol and filtering, the solution deposits on 
standing splendid large plates, which in transmitted liglit appear rod, and show the 
above reflection. They form a red powder, and belong to the triclinic system, being 
combinations of oo P, oo f oo, oo P oo. They conbiin 5 mols. of water. On dissolving 
them in dilute alcohol, small reddish-brown crystals with a greenish-yellow reflex 
crystallise on cooling ; they appear to contain 1 mol. alcohol. When the aqueous 
solution is quickly dried, the salt separates as a varnish having a yellowish-green 
metallic lustre. It dissolves in 2 pts. of water, Tho concentrated solution is dark 
yellowish-red, and in a thin layer pale pink. A dilute solution is yellowish-red, and 
exhibits a strong greenish-yellow fluorescence, which is .also seen when the solution is 
very weak. Its absorption-spectrum has a broad dark band in the green. Its .alcoholic 
solution exhibits similar colours, but a stronger fluorcsconco. The absorption-spectrum 
is destroyed by mineral acids, but not by acetic .acid. A dilute aqueous solution con- 
taining 1 pt. in 160 gives the following rojictions : 

It is not changed by magnesium sulplnatc. Calcium find barium chloride give 
crystals on quickly boiling down the liquid, while c.-idmium sulph.atc deposits crystals 
in twelve hours, and nickel sulphate after weeks. Mercuric chloride gives .at once a 
crystalline precipitate, and on standing a mixture of red arnl y(‘lIow crystals. Ited 
amorphous precipitates are formed by salts of silver and lead, and rciddish-brown by 
copper salts, while alum, zinc .sulphate, stannous chloride, cobalt, nitrate, ferric and 
ferrous chloride, manganese sulphate, and bismuth nitrate, give amorphous rcddi.sh- 
yellow precipitates. ' 

The ammonium salt, C*®Il®J3r^O^(NIP)*, is obtained in small red nceillcs, when a 
solution of tetrabromofluoresccin in alcoholic ammonia is concentrated ; they give oft 
some ammonia on drying. 

The barium salt, C“®H*Br^O*I3a -h 2H*0, i.s prepared by mixing a solution of 2 pts. 
of tho potassium salt with a solution of 1 pt. of barium chloride in such proportion 
that 60 pts. of water are present. On boiling, crystals separate out, of which more 
are obtained on evaporating tho mother-liquor after cooling; they form small rhombic 
plates with a green reflex ; tho aqueous solution is ycllowish-rcd, and shows a 
green fluorescence. 

The cupric salt, C^H'’BrK)’‘Ca + JH-0, forms srn.all ycllowish-rcd needles, with a 
faint green lustre; it is more freel}' soluble than tho barium salt. 

The cadmium salt is deposited from a dilute solution in very glistening, small six- 
sided plates, having a brilliant greenish-yellow lustre; at 100° it loses water and 
becomes green. 

The silver salt, C“H*Br‘0®Ag-. is a dark red prccipitabi, which is in.solublc in .salt- 
solutions, but dissolves iii pure water and alcohol, and on heatin^if it with tho latter to 
150° and leaving tho solution to ccol, it crystallises rn inicroscoi)ic, indistinct prisms, 
which are almost black. The precipitated salt becomes green when dried in a vacuum. 

The lead salt, G™H®Br*()^(PbOTT)-, is obtaniod as a red precipitate, when the 
potassium salt is mixed with lead acetate, while the nitrate produces a similar pre- 
cipitate which is not quite pure, C^"K®Br^O*Pb. 

Red Monethyl-tetrahromofluorescein or Erythrin, 

is formed when the potassium 8.alt of eosin is heated at 140°-150° for four or five 
hours with 15 pts. of alcohol and a quantity of potassium ethyl-sulphato, which would 
be sufficient to form the neutral other. On cooling, tho tubes are found to contain 
a gelatinous mass mixed with large crystals, which, on adding water, remain undi.s- 
solved, while the unchanged potas.sium salt of eosin dissolves. The crystals, 
which consist of tho potassium-compound of erythrin, are dissolved in alcohol of 
50 per cent., and the solution mixed with acetic acid. If it bo concontr.ated, erythrin 
separates as an amorphous precipitate, but from a dilute solution, it crystallises on 
evaporation in red needles with a beetle-green lustre. Erythrin is also formed, but 
not so reaflily, by the action of ethyl bromide on the potassium salt of eosin. 

Erythrin dissolves slowly but freely in alcohol, with a reddish-yellow colour, and 
more readily in chloroform and acetic acid. From the first two solvents it 6eparute.s 
in warty crystals, but when its solution in a mixture of acetic acid and alcohol is 
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diluted \Fith water, distinct crystals are obtained. Erythriu heated with sulphurie 
acid to lo0° is converted into oosin. 

The potassium salt, C®H^Jlr‘0®(C“H*)K4-H*0, is very sparingly soluble in water 
and absolute alcohol, but readily in hot, dilute alcohol of 60 per cent. The concentrated 
solution is yellowish-rod, the dilute solution, pale pink, with a yellowish-green 
fluorescence; its absorption-speetruni is almost the same as that of eosin. The 
salt, called in commerce ‘insoluble eosin,* dyes silk and wool like eosin, but t:'e 
shades are more inclined to violet. The crystals appear to be rhombohedrons. 
They have a strong boetlo-green lustre, and yield a pink powder. Silver nitrate 
precipitates the solution ; the precipibito is amorphous, red in reflected light, and 
beautiful violet in transmitted light ; it becomes crysbilline on heating or st nding, 
has a beetle-green lustre in the dry state, and appears deep blue in transmitted 
light. The load salt is a similar precipitate. 

Colourless Monethyl-tetrahromofluoresce’in. — This isomerido of erytlirin 
is formed, together with the diethyl-compound, when the silver salt of oosin is heated 
with an excess of ethyl iodide or bromide, and twenty times its weight of alcohol at 
lOO*’ for three to four hours. To separate the two ethers, the product is repeatedly 
exhausted with boiling alcohol, in which the monethyl-cther is more readily soluble 
and crystallises on cooling in yellow needles. As soon as the red crystals of the 
dietliyl-ether appear, the treatment with alcohol is stopped, and the yellow crystals are 
boiled with a solution of potash in alcohol of 50 per cent., which dissolves chiefly the 
inonothyl-compound. The solution is then mixed with more dilute alcohol and acetic 
acid, and the ether which separates out is again treated in the same way, and is thus 
obt{iinod in colourless needles. It is sparingly soluble in boiling alcohol, and a little 
more freely in glacial acetic field ; its very pale solution is coloured light yellow by 
alkalis, and gives yellowish -white precipitates with silver nitrate and lead acetate. 
It dissolves but sparingly in carbonates and dilute alkalis. The existence of two 
isomeric monethyl-compouuds shows that the two hydroxyls occupy different positions. 

Diethyl^tcirahromofluoTescein, C-®U®lir^O*(C‘‘^H*)®, is obtained not only as 
doscriljod above, but also by lujating the silver salt of the red monethyl-ether with 
ethyl iodide. To i-solato it from the residue from the preparation of the white mon- 
ethylic ether, this residue is exhausted with chloroform, and the crystals, after boiling 
with dilute alcoholic potash, are reorystallised from chloroform. It forms small but 
w’ell-definod crystals, w’liich appear to bo rhombohedrons, and dissolve very sparingly 
in alcohol and other, with a yellowish colour, and freely in chloroform and glacial 
acetic acid, with a rcddish-ycllow' colour. Aqueous alkalis do not decompose it on 
boiling, but alcoholic potash, as well cus hot sulphuric acid, converts it into eosin. 

M 0 n 0 7)1 e t h y I - t e t r ah r o m o f I u o r e s c e'i n, or M ethyl cry t hr in, 
C'“‘’n’I5r‘0®(Cn^), is sparingly soluble in alcohol, more freely in chloroform, and crys- 
tallises ill rod needles, having a beetle-green lustre. 

Acetyl-tntrahr n moflnorcscein is formed by heating eosin with three times 
its weight of acetic anhydride to HO''. It forms colourless needles <iissolving sparingly 
in alcohol, acetone, wood-spirit, and acetic other, and more freely in hot benzene and 
chloroform. On heating, it becomes red at 180°, but molts only at 278°. 

Tetrahro'inofluoresce'ith chloride, C“II®Br'’0*Cr-, is obtained by heating 
tetrabromofluorosco'm with phosphosys pentachloride for an hour at 100°. Tho pro- 
duct, after being well boih-d with water and a dilute alkali, is dissolved in seventy 
times its weight of concentrated sulphuric acid at 160°, filtered through asbestos, and 
then mixed with 3 vols. of alcohol. The liquid is then heated to the boiling point, 
and water added, until crystals begin to separate out. It forms colourless needles, 
which melt and sublime without decomposition; its only solvent is concentrated 
sulphuric acid, which decomposes it only at the boiling point. 

When tctrabromofluorescein is heated with concentrated potash on a water-bath, 
the liquid soon assumes a blue colour, and shows, when dilntod, a very strong, dark- 
green fluorescence. Tho dilute solution turns rod in contact with the air, but tho 
concentrated solution remains blue. Mineral acids proiluco a pale reddish-yellow 
precipitate of the hydrate which has undoubtedly a constitution 

analogous to that of the dinitro-compound. Wlien tho solution is boated on a water- 
bath, tho blue colour changes to dark yellow, more quickly if tho potassium salt 
is heated with twenty times its weight of Soda of 50 ptT cent. Mineral acids preci- 
pitate tho solution. 

DihromomonoresorcinoUphthale'in, ^ crystallises in 

small, colourless, rhombic plates, which melt at 218°-220 ’. It is almost insoluble in 
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water, and dissolves in alkalis and alcohol with a yellow colour. On fusing it with 
resorcinol, dibromofluorescein seems to be formed, and-when it is heated with phenol 
and sulphuric acid at 120°, a body is formed, dissolving in alkalis with a rod colour. 

The acid liquid from which the preceding compound has been precipitated contains 
Axhrwnmesfftcinol , C®II*Br*(OH)'‘*, which is sliaken out with ether. It crystallises from 
warm water in colourless needles, molting at 92°-93" ; the aqueous solution gives, 
with ferric chloride, first a violet colour, which soon changes into an indistinct dirty 
green. 

Water and sodium-amalgam, or zinc-dust and soda, r(*duce tetrabromofluorescein 
to fluorescein, and when the tetrabromo-compound is boiled for five minutes with 
twenty times its weight of concentrated sulphuric acid, heptabromocce ruling 
is formed, which, by adding water, is precipitated as a dark violet mass, and during 
WJishing, begins to dissolve with a blue colour. On dissolving it in dilute potash, 
and adding alcoholic potash, a dark-blue precipitate of the potassium-salt is obtained, 
which yields, with acids, the pure cmrulein, readily soluble in acetone, fi-om which it 
crystallises in steel-blue needles. The absorption-spectrum of the dilute solution 
shows a faint broad band in the green, and the dilute alkaline solution, which has a 
greenish-blue colour, gives an absorption-band in the red. 

Qulnol-ptithalein, Hydroquinone-phthalcin . — Tliis compound, iso- 

meric with fluorescein, and therefore, properly speaking, the anhydride of quinol- 
phthalein, was discovered by Grimm {Ber. vi. 506), who obtiiined it, together 

with quinizarin, by heating a mixture of quinol and phthalic anhydride with strong 
hulphuric acid. According to Ek.strand, however {ibid. xi. 713), it is bettor to use 
zinc-chloride as the dehydrating agent, the yield of the phthalein being then 70 per 
cent, of the quinol used, whereas w'ith sulphuric acid it is oidj" 2r) per cent. The best 
proportions are 2 mols. quinol, 1 mol. phthalic anhydride, and a quantity of zinc 
chloride e(iual to thirteen times the weight of the mixture, tlio whole being heated at 
120°-130° for twelve to fourteen hours: 

2 C « 1 I ®02 + « 2 n ’‘’0 + 

The product is boiled with water to remove the stannic cliloride, unaltered quinol, 
and phthalic anhydride ; it is at first viscid, but ultimately becomes crystalline. To 
purify it, the crystalline residue is dissolved in alcohol, and boiled for a long time 
with animal charcoal, the filtrate, which is cloudy at first, gradually solidifying to a 
felted mass of needles. Pure quinol-phthalein is colourless, and melts at 226°-227° 
(uncorr.) (Ekstrand) : at 233°-234° (Grimm). It dissolves but sliglitly in hot water, 
and separates on cooling in small tabular crystals ; easily in wood-spirit, alcohol, 
acetic acid, and acetone ; also in ether, from which it separates in long needles on 
evaporation. It is but sparingly soluble in chloroform or benzene even when hot, and 
not at all in light petroleum. The noodles which separate from the alcoholic solution 
contain 1 mol. alcohol ; if, however, the alcoholic solution is diluted with much water, 
needles are precipitated, which on boiling are converted into thin plates containing 
1 mol. of water instead of alcohol. From the ease with which the alcohol and winter 
replace one another, it is probable that the latter is present as water of crystallisation, 
and does not go to the foniiatioii of hydroxyl -groups so as to produce a totrahyrlroxyl- 
conipouud ; and that this is confirmed by the fact that this w'utor is easily driven off 
below 160°, and that the hydrated and dehydrated products are perfectly similar in 
their properties ; moreover, it has not been fqxnd possible to obtain a triacctyl- 
derivative of this body. A solution of quinol-phthalein mixed with an alkali acquires 
a deep violet colour, which becomes brown and muddy on standing. In sulphuric or 
hydrochloric acid, quinol-phthalein dissolves to a rod liquid, and the latter acid gives 
a crystalline compound, corresponding probably with the hydrochloride of orcin- 
phthalein, but it has not yet been investigated. 

Diacetyl-quimlphthalein^ C*®H‘®(C2II’0)*0*, obtained by heating the phthalein 
with acetic anhydride for two or three hours, forms colourless crystals melting at 
210 °. 

Bromfhoompounds . — When a solution of the phthalein in alcohol or acetic acid is 
acted on by bromine, the mixture left at rost^ and then diluted with water, a yellow 
flocculent precipitate is obtained, soluble in dilute alcohol, but it has not yet been 
obtained in crystalline form. 

PentcJmmo-quimUphthalein, C“H’Br^6®, is obtained as a yellow crystalline pre- 
cipitate when an excess of bromine is addeil to an acetic acid solution of the phthalein, 
and the mixture boiled for a long time. The pure compound is a colourless crystalline 
powder (m.^p. over 300°), insoluble in acetic acid, but easily soluble in nitrobenzene , 
from which’it separates in small tables. It gives a colourless solution with alkalis. 
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Quinol-phthalin, obtained when the phthalein is heated for four 

hours with zinc-dust and soda-solution. It crystallises from benzene in large colourless 
tables (m. p. 202° uncorr.), containing 1 mol. benzene; dissolves to a colourless 
solution in alkalis, and to a red liquid in sulphuric acid, the solution when diluted 
with water giving an olive-green flocculent precipitate of q u i n o 1 - p h t h a 1 i d i n, which 
dissolves in ether with a green fluorescence ; the ethereal solution, however, soon 
oxidises, with production of a dark violet powder. Quinol-phthalin does not 
combine with hydrochloric acid. 

Liacetyl-^uinoUphthalin, C‘"H*‘(C2H»0)20*, is obtained by boiling thephthalin for 
two hours with an excess of acetic anhydride. It crystallises in colourless prisms 
(m. p. 190° uncorr.), and dissolves in wood-spirit much more easily than diacetyl- 
phtlialei’n. At first it is not acted on by alkalis, but gives a violet coloration on 
gontlo warming. 

Orclnol-phthaleiiii or rather its Anbydrldef 

(K. Fischer, Ber, vii. 1214 ; JAchig's Annalm, clxxxiii. 63). This compound is prepared 
by heating 3 pts. phthalic anhydride, 5 pts. distilled orcinol, and 5 pts. strong sul- 
phuric acid at 1 35° for about two hours. At this temperature, the reaction goes on 
smoothly and without evolution of sulphur dioxide, whereas at lower temperatures 
that gas is given oft’ in considerable quantity. By dissolving the melt in dilute 
potash-ley, boiling the solution, precipitating with acetic acid, and rccrystallising the 
precipitate from acetone, the compound is obtained in colourless needles mostly 
united in forked groups. It is insoluble in water, ether, benzene, and toluene, but 
dissolves readily in alcohol, wood-spirit, acetone, and hot glacial acetic acid, and is 
precipitated from the last-mentioned solution by water in white flocks. Alkalis dis- 
.solve it with ilark rod colour. It is decomposed by heat. On boiling it with strong 
sulphuric acid and mixing the resulting solution with water, dark brown flocks are 
thrown down, consisting of a body which dissolves in ammonia with dark brown 
colour, and is precipitated by baryta in the form of a black lake. 

Mon^icetyl-orcinol-phthalmi is obtained by prolonged boiling of the phthahjin with 
glacial acetic acid. The diacetyl-derivativej )“()*, formed by treating tlje 

phthalein with 3 or 4 pts. of acetic anhydride, crysUillises from alcohol in w'liite 
slender needles, melting at 2 19°-220°, insoluble in water, ether, and benzene, sparingly 
soluble in alcohol ami wood-spirit, more freely in acetone ; easily resolved into its con- 
stituents by alkalis and concentrated acids. 

Orcinol-phthalcin unites with mino'cd acids, dark-red unstable compounds, 

among 'which the hydrochloride^ C‘‘^Jr®0*.TICl, is most readily obtained pure, and 
separates from an alcoholic solution of the phthalei’n mixed with strong hydrochloric 
aciil in dark red flocks, which give off* their hydrochloric acid on exposure to the air, 
oven at ordinary temperatures, and more quickly when heated or boiled with w'uter. 

When bromine is added to a solution of tlio phthalein in boiling acetic acid, the 
/fVrfl/>rowm-compoiind is formed, while in a cold alcoholic solution the pentahromo- 
compound is produced. Both these compounds are pale yellow powders, nearly 
insoluble in all solvents. 

OTcinol-phthalin, is formed by tlie action of zinc-du.st on a solution 

of the phthalein in dilute soda-ley, the red liquid becoming colourless and yielding, 
on addition of sulphuric acid, white flakes of the phthalin, w'hich when heated in the 
air are reoxidised to the phthaleVn. Its diacetyl-rompomid, formed 

by heating it with acetic anhydride, is much more stable, and crystallises from 
benzene in cubes melting at 211°. 

PHTBAlLEliN DYSS. F. Boverdin (Monit. scxcTitt [3j, vii. 860) has obtained 
a yellow dje-stuif, called chrysoUn, by the action of sulphuric acid on a mixture of 
phthalic acid and benzyl-resorcinol (formed by the action of benzyl chloride on 
resorcinol, q. v.), or by first heating 460 grams of sulphuric acid and 1 kilo, of phthalic 
acid in a retort placed in an oil-bath at 130°-140°, whereby phthalic anhydride is 
produced, then adding 1 kilo, of resorcinol, 460 grams of sulphuric acid, and 1 kilo, 
of benzyl chloride, and heating the whole gently over a water-bath. When no more 
hydrochloric aciil is evolved, the reaction is completed by heating for twelve hours in 
the oil-bath at 135°-145°. 1'he whole is then left to cool, and the solid mass is 
broken up and dissolved in dilute caustic soda at the boiling point. When the residue 
no longer dimiriislies, the solution is filtered, and the acid colouring matter is precipitated 
by means of hydrochloric acid, washed with cold water, dissolved in a quantity of 
sodium carbonate sufficient to saturate the acid, and evaporated to dryness. The 
sodium salt of bonzylatod fluorescein constitutes chrysolin. This substance forms a 
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mass with green metallic rcHex, and yields a red-brown powder. It is soluble in 
water and alkalis, the solutions being precipitated by acids in yellow flocks. It yields 
bromated, iodated, and nitro-derivatiycs, which are all fine colouring matters. It 
may be ^ed directly upon silk and wool. The latter takes the dye bettor when 
mordanted with lead acetate and alum. Cotton is mordanted with sulphate of alumina 
and dyed at a hand-heat. The shade of chrysolin approaches that of turmeric ; it 
resists the action of light well. Similar colouring matters are produced by the action 
of the chlorides of fatty hydrocarbons on resondnol. Methyl-resorcinol prepared by 
heating sodium resorcinate in alcoholic solution with methyl chloride under pressure 
likewise yields a yellow dye-stuff when treated as above. 

Bouchardt a. Girard {Monit. scieut, [3], vii. 986) have also obtained colouring 
matters by the introduction of alcohol-residues into resorcinol and the phthaleins. 
For this purpose, phenols and di phenols are heated to 120°-150° wMth diatomic acids, 

oxalic, lactic, camphoric, phthalic acids, &c. ; the products are subjected to the 
action of solutions of alkaline hypochlorites or hypobromites ; and the resulting 
colouring matters are precipitated from the alkaline solutions by acids. Thus when 
fluorescein, produced by heating a mixture of 1*4 kg. resorcinol with 1 kg. phthalic 
anhydride to 200°, is dissolved in a small quantity of soda-ley, and gradually mixcjd 
with 56 litres (per 1 kg. fluorescein) of a solution of sodium hypochlorite (sp. gr. 1-4), 
a colouring matter, called ‘ Auroosin,* is obtained, w’hicli, when separated by an aciil, 
exhibits a greenish-yellow dichroism in reflected light and a red colour in transmitted 
light. Silk dyed with it fluoresces like the solution. This aiireosiri, treated at boiling 
heat with nitric acid diluted with 2 vols. w'ator, is converted into another dye-stulf* 
called * Rubeosin,’ which dissolves in alknline liquids w'ith deep red colour, and dyi!S 
silk scarlet. If alkaline hypobromites are used instead of hypochloritt's, the resulting 
colouring matters exhibit a somewhat more yellowish tint. Similar dye-.stiiffs are 
obtained by the action of sodium or potas.sium acetate in prcsoiict* of acetic aci<l upon 
oosin, the reaction being completed, at 200°-260°, within three or four hours. Tl\o 
product analogous to aurcosin is eonvertt‘d by oxidation into a body analogous to 
rubeosin. Phthalins may also be oxidised by liyp()chlorit(!.s or hypobromit(;s in 
presence of cobalt-.SHlts, and the process stopped at any ri'quircd point. The boilies 
obtfiinod by the action of alcoholic bromides and iodi«lvs on aureosin and rubeosin are 
likewise dye-stuffs. Lastly, products resembling auroosin are formed by oxidising 
fluorescein with mixture.^ of brumates or chlorates with hydrochloric or liydro bromic 
acid respectively. 

FHTHAIiXC ACIDS, (1). Ortiiophtiialic, or simply 

Phthaiac acid [I : 2], is formed by oxidation of orthotoluic acid with potassium 
permanganate (Weith, Ler. vii. 1057) : 

C“H'(CIP)CO-’H -I- 2KMnO< - 2Mn(F + 2IPO + C®HXC0-'K:)«. 

Synthetically it may be formtrd by combination of carlion monoxide with salicylic 
acid and with re.sorcinol. From sdioj/lic acid it is produced by lu*atingtliat sub.stance 
with a mixture of sulphuric acid aij<l pota.'isium ferrocyanidc, and wlion the reaction is 
ended, treating the resulting mass with etlicr, which extracts the phtlialic acid, or by 
heating a mixture of sulphuric acid and formic acid with salicylic acid until gas is no 
longer disengaged. The mass is exhausted wdth ether, wdiich on evaporation yields 
perfectly pure phthalic acid. Itimrcinol combines readily with carbon nnmoxide to 
form phthalic acid, but as an excess of resorcinol is alw^ays present, the phthalic acid 
unites with it and forms fluorescein. When salicylic acid or resorcinol is htjated with 
oxalic acid and sulphuric acid, that h to .say, with a mixture yielding carbon difixide 
and monoxide simultaneously, neither phthalic acid nor fluorescein is formed ; but 
when salicylic acid or resorcinol is heated with a mixture of oxalic acid, and glycerol, 
that is, with a mixture yielding carbon dioxide in the fir.st phase of the operation and 
carbon monoxide in the second, carbon dioxide is disemgaged freely, and phthalic acid 
or fluorescein appear.^ as soon as the mixture yields carbon monoxide (A. Guyard, 
Bull. ^c. Chm. [2], xxix. 217). ’ 

Preparation from Naphthalene . — The following modifleation of Dcpouilly’s process 
for obtaining phthalic acid by the action of potassium chlorate and hydrochloric acid 
on naphthalene (Cbw/)^. re7id. Ivi. 82; Jahresh.f. Chem. 1865, 399) is recommended 
by C. Haussermann {Dingl. pol. J. ccxxiii. 310). A mixture of 1 pt. naphthalene and 
2 pts. potassium chlorate is added by successive small portions to a five-fold quantity 
of ordinary hydrochloric acid ; the product is well washed with lukewarm water, then 
dried, and digested at a gentle heat with petroleum- benzin ; and the resulting mass, con- 
sisting chiefly of naphthalene tetrachloride, i.s heated with five or six times the quantity 
of nitric acid of specific gravity not exceeding 1*35, till the liquid is perfectly homo- 
geneous. On expelling the excess of acid, and leaving the liquid to cool, phthalic 
acid crystallises out in quantity equivalent to 30 per cent, of phthalic anhydride. 
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Phthdic acid is also formed from (m. p. 128®) by repeated treat- 

ment with nitric acid and evaporation (Liebermann, Ber, viii. 689). 

Plienyl Phthalate, C*Il\COOC*H»)‘'*, is prepared by heating phthalic chloride with 
the calculated quantity of phenol as long as hydrocliloric acid continues to be evolved, 
and crystallising the product from hot alcohol. It forms groups of small colourless 
prisms, molts at 60'\ and'distils without alteration. Nitric acid attacks it violently, 
forming diiiitrophonol and nitrophthalic acid. A hot alcoholic solution of 
the othop treated with potassium hydrosulphido yields the potassium salt of thio- 
phthalic acid t(jgethcr with phenol : ‘ 

C“H'(C()OC«H*)2 + 2KSIt » C«H^(COSK)2 + 2C'»ff*011 
(.1. Schroder, licr. vii. 704). 

Phlhalia Anhydride, C»n'0» - is produced by the action of 
acetic anhydride or acetyl chloride on phthalic acid : 

®“"'<COOH + cn»;c0>0 = + 2(CH«.COOH) 

and ^ cH».COCl .. C»n‘<^’^0 + cmcooH + HCl. 

It melts at 127°. The anhydrides of succinic, diphenic, and other bibasic acids may 
bo prepared by similar reactions (Anschutz, Ber. x. 1881). 

Phthalic anhy<lrido heated with fhenola in presence of dehydrating agents (sul- 
phuric acid, zinc chloride, &c.), produces phthaleihs (pp. 1003-1613). On gently heat- 
ing it with onl inary phenol and sulphuric JUMd,tlie liquid assumes a yellowish- red colour, 
and phcnol-pht lialein, is formed, which, on further addition of sulphuric 

acid, is converted, without cluiugo of colour, into phonol-phthaloin-sulphonic 
ffcid. On increasing the heat, the yellow-red colour changes to dark red and ulti- 
mately to brown-yollow, and the liquid, on addition of water, deposits flocks of 
monoxyanthraquinonc, C’MIW (p. 99). The funnation of this latter body is 
not essentially depondoTit on the previous formation of phenol-phthalein, but may 
take place dii’octly from phenol. A similar result is obtained when the phenol is 
rc‘placc<l by phenolsnl phonic acid, phonoldisulphonic acid, oxysulphobeiizide, aiiisoil, 
anisic acid, or salicylic acid ; 

GMPO^ + = CO- + ir-^o + C^H^O*. 

Salirrylic or rUtlialic Ilydroxyauthra- 

Paraoxylienzoic anhydride. quinonc. 

acid. 

(Ilaeyor a. Caro, Ber. vii. 968). 

l^litlialic anhydride, heated with acetic and propionic anhydrides in presence of the 
sodium salts of the respective acids, yields phthalyl-ace'tic and phtlialyl-pro- 
pionic acids respectively (pp. 1621, 1622). Heated vfh\i -phenylacetic (a-toluic) 
acid, it yields benzylideiie-diphthalyl (p, 1621): 

C«HXC0)-0 + C«mOIT^COOII - C«n‘(CO)».CIf.C“H^ + CO-^ + IHO. 

When phthalic anhydride is heated with succinic acid and sodium acetate, the 
mixture being kept in a state of fusion a.s long as it continues to give off carbon 
dioxide, a residue is obtained Whicl^ after crystallisation from nitrobenzene, consists 
of ethineorthophenylene-diketone or othine-diphthalyl : 

C“H<CO>CH-Cir<CO>C«H‘. 

This compound crystiilliscs in yellow needles, melting above SflO®. When boiled with 
dilute potasli-ley, it dissolves slowly, arul the solution yields with hydrochloric acid p 
precipitate of ph enylerie-othylene-ketone carboxylic acid (p. 1661) : 

formed from ethine-diphthalyl by assumption of 2 mols. water. 

When othine-diphthalyl dissolved in acetic acid is heated with bromine at 100° in 
a sealed tube, two atoms of hydrogen are replaced by bromine and a molecule of water 
is taken up, producing the compound % 

C«u 4<' CO-CHr*- CH.C^O* C«n^ 

whieli is decomposed by heating with alkalis (Gabriel a. Michael, Ber. x. 1569). 
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(2) . Mkta> or IsopuTjiALic ACID, [CO* : CO*Hsa 1 : 3], is produced : a. Togetlier 

with metabromobenzoic acid, by the action of ethyl-chlorocarbonate and sodium- 
amalgam on metadibromobenzene (Wurster, p. 163). jS. By fusing potassium benzoate 
with potassium formate (Meyer, p. 269). 7. By heating the nitril of disulphobenzoic 
acid, C*.CO*H.SO*H.H.SO*Il.H*, or that of bonzencuisulphoiiic acid [1 ; 3] with 
alcoholic potash (p. 251). S. By oxidation of meta-toluic acid (Weith a. Landolt, 
/ier. viii. 715). €. By prolonged boiling with nitric acid of the products obtained by 
the action of hydrochloric acid on resorcinol (Barth a. Weidel, Ber, x. 1464). (. By 

oxidation of colophony with nitric acid (Schroder, Jmi. clxxii. 93). 

J^henyl Isophthalate crystallises in long slender needles melting at 120° (Schroder, 
Btr. vii. 704). 

(3) . Pahaphthalic or Turbputhalic acid [1: 4] is formed: a. By heating 
sodium parasulphobenzoate w*ith sodium formate, and, together witli isophthalic acid, 
by heating sodium benzoate to the point of carbonisation (p. 260). jS. By heating the 
'nitril of benzeneparadisulphonic acid with alcoholic potash (p. 250). 7. Together 
with torebic acid, by oxidation of turpentine-oil with nitric acid of sp. gr. 1*4, diluted 
with 2 vols. water (Schreder, Ber. vii. 794). This is the process by which tcrophthalic 
acid was 6rst obtained (v. 725). W. C. Williams, however {Ber. vi. 1094), by oxi- 
dising turpentine-oil with nitric acid of sp. gr. 1*25, obtained only tcrobic acid with- 
out a trace of terephthalic acid. 8. Together with paratoluic acid, by the action of 
nitric acid on the portion of Eucalyptus oil boiling between 172° and 175° (Ilomeyer, 
Arch. Pharm. [3], v. 326). e. By oxidation of curcumin with chromic acid mixture 
(Gajevsky, Ber. vi. 196). 

Ethers. Propyl Terephthalate, C**1P.(C0*C*IP)*, obtained by heating silver torc- 
phthalate mixed with two or three times its weight of sand, with propyl io.lide, 
crystallises in white needles an inch long, dissolves easily in hot alcohol and in ether, 
and melts at 31°. Pseudopropyl prepared in like manner, crystallises 

in shining white laminm, melting at 55'’’-56 ^ and exhibiting the samo relations of 
solubility as the normal propyl-ethcr. Isohutyl tcrephthalatey i« 

best prepared from terephthalyl chloride and isobutyl alcohol, and crystallises in 
dazzling white needles having a fatty lustre, melting at 52’5°, eusily soluble in ether. 
The normal butyl ether has not been obtiiined in crystalline form (J. Bitrger, Ber. x. 
1742). P/igw;// prepared by heating tercphthalyl chloride with phenol, 
forms long slender needles melting at 120° (Schreder, ibid. vii. 704). 

Homoterephthalic acid^ = is formed, together 

with propyl-benzoic acid, by oxidation of propyl-benzene (g.v.) with dilute nitric acid. 
It is a faintly yellowish powder, which sublimes without fusing, is nearly insoluble 
in all solvents, and forms a silver salt, C*lf®0'‘Ag*, and a barium salt, C"H®O^Ba 
-r 3jn*0 (Pateriio a. .Spica, Gazs. chim. ital. 1877, 361). 

Bydrozyplitlialic Acids, C“H*(OII)(COOH)'“, syn. with Phbnol-dicarboxylic 
ACIDS (pp. 1531-1534). 

Bitrophtliallc Acids, 0®JLXNO*)(C()OH)*. The prismatic uitrophthalic acid, 
melting at 212°, which Faust obtained by digesting v>-phthalic acid with a mixture of 
nitric and sulphuric acids (vii. 978), is also formed, together with the correspraiding 
aldehyde (m. p. 135°), by oxidising nitronaphthahjiie in acetic acid solution witli 
chromic acid. It is decomposed by hydrobronyc acid, with formation of carbon 
dioxide and di- and tri-broniobenzoic acids. Ilydriodic acid converts it into met- 
amidobenzoic acid (Beilstoin a. Kurbatow, Ber. xii. 688). 

According to Faust, this acid is reduced by tin and hydrochloric acid tometamiilo- 
benzoic acid, with evolution of carbon dioxide. According to 0. Miller, on the other 
hand (.ffer. xi. 1191), the reduction is not attended with evolution of carbon dioxide, 
but yields a tin-salt, C®n®(NH*)(COOII)*.IICl.SnCl* + 2ir*0, which separates in ne.irly 
colourless needles, crystJillises from aqueous solution in light brown rhombic plates 
and needles, but from dilute hydrochloric acid in crystals of the original form ami 
colour. The formation of the hydrochloride of metamidobcnzoic acid takes place o)ily 
when the solution, after being freed from tin by hydrogen sulphide, is concentratcjd by 
evaporation. 

Amidophihalic acid . — The ethylic ether of this acid is prepared by mixing u solu- 
tion of ethyl nitrophthalate (ol)tained by the action of hydrochloric acid on a hot 
solution of the nitroriaphthalic acid abovd described) in 2 vols. of alcohol, with 10 
vols. of hydrochloric acid, of sp. gr. 1*09 ; the mixture being kept cool by means of 
ice, and zinc-dust added gradually, till the oily drops disappear and a distinct evolution 
of gas takes place. The liquid is then diluted with water and nearly neutralised with 
sodium carbonate, and sodium acetate is added, whereupon ethyl amidophthalate 
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crystallises out. This product crystallises from ether in large, colourless, monoclinie 
prisms, agreeing in composition with the formula C®H*(NH*)(COOC*H*)*. It dissolves 
in hydrochloric acid without alteration, and is precipitated from the solution by alkalis 
or by sodium acetate (W. Konigs, Ber. x. 124). 

Isonitrophthalio acid (m. p. 160®) (0. Miller, Ber. xi. 393, 992, 1191). — This 
acid is formed, together with the preceding nitro-acid, by heating phthalic acid on 
the water-bath with a mixture of nitric and sulphuric acids. The two nitro-acids 
are produced in nearly ^ual quantities, and after they have been precipitated by 
water, the filtered liquid is found to contain picric and acetic acids, with a very small 
quantity of formic acid. The ordinary prismatic nitro-acid is easily separated by 
repeatedly crystallising the crude nitro-product from water ; but the isonitrophthalic 
acid, which is more soluble, crystallises in needles, and forms a compound with picric 
acid, is more difficult to separate. The separation may, however, be eflFccted by 
picking out the needle-shaped crystals, converting them into the sparingly soluble 
barium salt, and decomposing this salt with hydrochloric acid. The isonitro-acid 
thus obtained forms pale yellow slender needles vttry easily soluble in water, alcohol, 
and ether, insoluble in benzene ; it melts at 160°, and is resolved at 165° into water 
and the anhydride. 

The barium sa/i, C*H*(N0‘‘*)(C02)=Ba + 211 *0, is a light yellow precipitate made 
up of microscopic laminae. The silver salt, G“Il®(NO'‘*)(CO*Ag)2, is thrown down by 
silver nitrate from a solution of the acid neutralised with ammonia, as a whitish 
precipitate, sparingly soluble in pure water, but very soluble in ammoniacal water, 
and separating from this solution in long colourless needles. 

Normal Ethyl Isonitrophthalale, C®H^N0*)(C0“C*1I*)-, is formed, together with 
very small quantities of the acid cthor, on saturating the alcoholic solution of the 
acid with hydrochloric acid. It is liquid at first, but afterwards solidifies to a crys- 
talline mass which melts at 32°. By reduction, it yields ethyl isoamidophthalate, 
G‘*H^(NH.*)(CO'C‘*H^)*, which crystallises from alcohol in short prisms of considerable 
size. 

When isonitrophthalic acid is reduced by tin and hydrochloric acid, the resulting 
tin-salt does not separate out like that which is obtained from the prismatic nitro-acid ; 
ultimately, liowover, metamiJobonzoic acid is formed in this as in the former case. 

Xblopbttaallo Acid, [1 : 2] (Schreder, her. vii. 704). The 

potassium salt of this acid is obtained by dissolving potassium sulphydrate (2 mols.) 
in a hot alcoholic solution of 1 mol. phenyl phthalate (p. 1614), whereupon the liquid 
turns red. After the reaction has continued for a quarter of an hour, ether is added, 
which precipitates part of the resulting potassium thiophthalate in tlio form of a rod 
oil. The greater part of the colourless liquid decanted therefrom is distilled off ; and 
the remainder is diluted with w'ater — whereby phenol is precipitated — find after 
removal of the latter, acidulated with hydrochloric acid. The thiophthalic acid 
thereby separated in slender needles is purified by distillation, whereby a colourless 
oil is obtaiuoil which immediately solidifies ; the last traces of free sulphur, however, 
can bo removed from it only by fusion with finely divided silver or with mercury. 
The substance thus purified crystallises from alcohol in long brittle needles having 

the composition of thiophtlnilic anhydride, G®1I*^0 q^S. Its formation is repre- 
sented by the following equations : 

G«H«(C00G“H®)2 + 2KSH = 2(G«IP.OH) + G«H‘(GOSK)2 
and C»H*(COSK)« + 2HC1 = 2KC1 + H»S + C*U‘<^q>S 

Thio-isophthalic acid, [1 .* 3]. — The potassium salt of this acid is formed in like 
manner by the action of KIIS on phenyl isophthalate, and is thrown down from the 
resulting solution by ether in yellow needles, which when decomposed by hydrochloric 
acid yield thio-isophthalic acid in the form of an oil (Schreder). 

Thiotercphlhalic acid, [1 : 4]. — The potassium salt, prepared in like manner, 
separates on addition of other in the form of a red mud. The acid separated there- 
from forms after purification a white amorphous powder not volatile without decom- 
position (Schreder). 

PBTRAXiZC AXiCOHOXi, G»H‘«0* = O'IP(GH20H)2 (Hessert, Ber. xii. 646). 
This alcohol, produced by the action of sodium-amalgam on phthalic chloride, is a 
crystalline body, soluble in water, alcohol, and other, melting gradually at 66°-62°. 
It is oxidised by potassium permanganate to phthalic acid, by nitric acid to phthalide, 
and is distinguished from the latter compound, which it otherwise resembles, by the 
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action of sulphuric acid, this reagent dissolying it \pith a red colour, and rapidly 
converting it into resinous products. On reduction by boiling it -with hydriodic acid 
and phosphorus, it yields orthoxylene. It acts readily on acetic and benzoic chlo- 
rides. The Acetate, C*’HXCH‘‘'.OC’‘H*0)h is a erystallino body (m. p. 37*^) which may 
bo distilled without decomposition, and is converted by the action of hydrochloric acid 
gas into the chloride C‘*fl‘'(CH’'Ci)*, which when heated with lead njtrate and water 
yields phthalide (p. 1618). 

PBTBAXilC AXiDEBTDBS, C«HXCOK)2. The compound hitherto 

regarded as orthophthalic aldehyde (vi. 943) appears from recent investigations by 

Hessert to have the constitution of an anhydride, ^q^O. See Phthaliob 

(p. 1618). 

Terephthalie Aldehyde, C*H^(COH)* [1:4], is prepared by boiling tollylene 
chloride, C*H*C1', with 20 pts. water and 1 pt. lead nitrate till nitrous acid is no 
longer given off, and distilling the mixture, the aldehyde then passing over, though 
not readily, with the vapour of water. When purified by crysbillisation from boiling 
water, it forms white slender needles which melt at 114°-116°, dissolve with moderate 
facility in ether, very easily in alcohol, very slightly in cold water, and in about 
60 pts, of boiling water ; it dissolves also at 40°-50° in 20-25 pts. of a saturated 
solution of acid sodium sulphite, but the resulting compound has not been obtained in 
the solid state. By oxidation with potassium dichromate and sulphuric acid, it yields 
terephthalic acid. By mixing its alcoholic solution with an alcoholic solution of 
potassium cyanide, it is converted into an amorphous yellowish substance which melts 
at 170°-174°, is insoluble in water and in ether, somewhat soluble in boiling alcohol, 
soluble in alkalis but not in alkaline carbonates, and appears to be a polymoride of 
terephthalic aldehyde (Grimaux, Compt. rend. Ixxxiii. 825). 

The tollylene chloride obtained from coiibtar xylene is accompanied by a liquid 
chloride, which, when treated as above, yields needles melting at 88°, and probably 
consisting of isophthalic aldehyde (Grimaux). 

PBTBAEIC CBXiOBXDSS, C^H^(COCl)% Orthophthalic chloride acts upon 
dimcthylauilino, producing dimothylaniline-phthalcin (p. 1310), and in like manner 
on other tertiary bases, e.g. on methyldiphenylamino (0. Fischer, Ber. ix. 1763). 

Isophthalic chloride is obtained by heating isophthalic acid wdth phosphorus penta- 
chloride. The mixture liquefies, and on distilling it after the evolution of hydrochloric 
acid has ceased, the chloride is obtained as an oil which boils at 276°, and quickly 
solidifies. After rectification it is nearly incxlorous and melts at 41°. 

Terephthalic chloride has a pungent, cinnamon-like odour, molts at 78®, and boils 
at a temperature too high to bo exactly determined (Scliredcr, Ber. vii. 704). 

PBTBAXiZSB, C’H'0==C*H<<^qq’^ 0 (Baeyer a. Hessfrt, Ber. x. 123; 

Jlessert, iUd. x. 1445 ; xi. 637), This compound, hitherto regarded as orthophthalic 
aldehyde, C*II*(C01I)®, is formed by the action of nascent hydrogen on phthalic 
chloride : 

“ 2HC1 + 

According to Hessert, it is best prepared by a modification of Kolbe a. Wischin’s 
process (vi. 943), namely by the action of zip/c and hydrochloric acid on an ethereal 
solution of phthalic chloride. Metallic zinc is covered with a solution of phthalic 
chloride (8 to 10 grams) in ether (400 c.c.), and dilute hydrochloric acid is gradually 
added, the liquid being kept cool at the beginning ; afterwards, however, the action 
goes on more slowly, and stronger hydrochloric acid may be used. The solution of 
zinc chloride which forms must be removed from time to time, so that the zinc may 
always project into the ethereal liquid. After about twelve hours, the ethereal solution 
i.s distilled off; the phthalide which remains is digested with water to remove un- 
decomposed chloride ; ammonium carbonate added in excess ; and the product again 
extracted with ether. On subsequently distilling off the ether, the phthalide remains 
as a mass which solidifies in the crystalline state, and may be purified by recrystal- 
lisation from water. 

Pure phthalide melts at 73°. When heated at 180°-200° with hydriodic acid 
(b. p. 127°) and red phosphorus, it is completely resolved into a mixture of hydro- 
carbons boiling between 112° and 120", and intermediate in composition between 
toluene and xylene. By potassium permanganate in alkaline solution it is easily 
oxidised to phthalic acid. When its warm aqueous solution, is mixed with a concen- 
trated solution of acid sodium sulphite, the liquid solidifies after some time to a mass 
of long silky needles, which were supposed by Kolbe a. Wischin (vi. 493) to consist 
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of a (sompound of phthalic aldehyde with the acid sodium sulphite. Hessert, however, 
finds that they do not contain a trace of this salt, but consist of the p^e compound 
C®H®0*, which therefore appears to be incapable of uniting with acia 'sulphites of 
alkali-metal, and accordingly cannot bo regarded as an aldehyde. On this account, 
and in accordance with the reactions about to be described, Hessert assigns to it the 
constitutional formula above given. 

Alkalis and alkaline carhmates^ at the boiling heat, convert phthalide into an acid, 
called bonzene-ortho-alcoholic acid (originally 

called ^Jithaldchydic aaid)^ metameric with hydroxytoluic acid, C*H®(Cn®)(OII)CO®H, 
wliich separates from the cooled solution on acitlulation as a white powder. This 
acid is much less soluble in cold water than phthalide, but dissolves readily in alcohol 
and ether. It melts at 118‘', giving off 1 mol. H'-^O and being reconverted into 
phthalide. The same change takes place on boiling it with water. It is a well- 
characterised monobasic .acid, reddens litmus strongly, and dissolves with efferves- 
cence in alkaline carbonates. Its salts are all soluble in water ; those of the alkaline 
earths dissolve in the smallest quantities of water and .alcohol, without however 
being deliquescent. The silver salt^ prepared with recently precipitated silver oxide, 
crystallises from the aqueous solution in small octohedrons ; its solution decomposes 
when heated. The lead salt is decomposed by water. Aqueous ammonia gradually 
dissolves phthalide, producing ammmmm henzene-o~alcoholate ; alcoholic and ethereal 
solutions of ammonia do not act upon phthalide, even at 220®. At 240", however, the 
ethereal solution of ammonia gives rise to a new body which is nearly insoluble in 
water, alcohol, ether, and carbon sulphide, but dissolves in ghieial acetic acid at boil- 
ing heat, and crystallises therefrom in slender needles which do not melt at 260°. 
Aniline acts on phthalide at a temperature above its boiling point, converting it 

into the compound C‘'H^<^qq^N.C® 1[®. The two substances are heated together 

in a scaled tube at 200®-220® for some hours ; and the product is precipitated by 
dilute hydrochloric acid, washcrl with water, and crystallised from hot alcohol, from 
which it separates in silvery laminae melting at 160®. It is very sparingly soluble in 
boiling water, somewhat more freely in other, easily in chloroform. It is decomposed 
by boiling with conecntr.ated alkalis or acids. By oxidation it is converted into 

pbthalidanil, or phthalanilic acid. 

Sodhm-amalgavi converts phthalide in aqueous or alcoholic solution chiefly into 

pH'i 

hydrophthalido, which is obtiiined as a viscid mass, very 

easily soluble in all solvents except water, gradually becoming solid when dried over 
sulphuric .acid, and horny at a gentle heat. Potassium permanganate oxidises it to 
phthalic acid. Together with the hydrophthalide there is also formed a small quan- 
tity (about 10 per cent.) of a body having the composition which crystallises 

from alcohol in fine white needles melting at 197®, soluble in water and alcohol, 
sparingly in ether, insoluble in chloroform. By oxidation with potassium perman- 
ganate it yields phthalic acid and diphthalic acid, (vii. 980), whence it 

appears to consist of phthalylpinacono, (Hessert). 

.. /C(C®H®)\ 

Dlplienyl-plitballdef C®®H*^0®=C®H\ \0. This compound, for- 

merly cjilled phfJmlophenone, was discovered by Friedel a. KrafTls {Hcvue scieniifiquc, 
2 Mars, 187 H) who obtained it by heating phthalic chloride with benzene in presence 
of aluminium chloride, and represented its formation by the equation 

C«H'(COCl)2 + 20®II« = 2HC1 + C®H^(CO.C«H")2, 

analogous to that which expresses the formation of diphenyl ketone (benzophonone) 
from Wizoyl chloride and benzene. But according to Baoyor {Her. xii. 642), the 
aluminium chloride acts, not upon the chlorine, but on the oxygon-atom of one of 
the groups COCl, giving rise to its replacement by 2C®H*, the reaction taking place 
by two stages as follows : 

c*H<Eoa + 2C-H* = IPO + 

and C-H<C( ^ ^ ^HCl + 

6 u 2 
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On the conversion of this compound into phenol-phthalnn, see PHTBAudm 
(p. 1603). * 

Semyl-^^alide, QKgW = w formed by the action of 

sodium-amalgam on deojjjrbenzoin-carboxylic acid (p. 1 620). It crystallises in long 
colourless needles, melts at ft6°-57°, dissolves in alcohol, ether, and hot alkalis, but 
is insoluble in water (Michael a. Gabriel, Ber, xi. 1020). 

PBTBAXiZBfilXr (PBBBOZi), and PBTBAliXBZir, 

See Fhthaleins (pp. 1604, 1605). 

PBTBAXAMIBB, C"H»NO®=C*H‘<^q>NH. This compound, originally 

obtained by heating phthalate or phthalamate of ammonium (iv. 632), is also pro- 
duced, together with carbon dioxide and ammonia, by fusing phthalic anhydride with 
urea, and, with evolution of phosgene gas, by the action of phthalic chloride on urea. 
It melts at 228®-229° (R. Biedermann, Ber. x. 1166). 

EthyU'phthalhaide, C‘®H®N0‘‘' = C®H^(00)^N(C*H*), obtained by distilling phthalic 
anhydride with aqueous cthylamine, forms white needles melting at 78°-79°. TH- 
hrorndhyl-phthalimide^ obtained, together with the dibromo-derivative, by the action 
of bromine on ethyl-phthalimide, crystiillises in truncated prisms, which melt with 
decomposition at 186°-188°. It is insoluble in water, slightly soluble in hot alcohol, 
decomposed by hot aqueous potash into hydrogen bromide and a basic compound (A. 
Michael, Ber, x. 1644). 

Bhenyl-phthalimide, or PhthalaniU C**H®NO*=C!®IP(CO)*N(C®H®). — This 
body, obtained by melting phthalic acid with aniline, has been already described 
(iv. 632). It is also formed by limited oxidation of the compound 

^N(C®H®), produced by the action of aniline on phthalido (p. 1619), and is 

CO Nil C®H® 

converted by further oxidation into phthalanilic acid, ^*^*<^00*011 ’ 0^' ^28). 

Suhstituted Phthalanils are obtained by melting phthalic anhydride in excess with 
substituted anilines, as long as water continues to be given off, boiling the pulverised 
molt with water to remove the excess of phthalic acid, and recrystallising the product 
from an appropriate solvent. 

p-ChlorophenyUphthalimide^ C®H<(C0)*N.C®H^C1, prepared from p-chloraniline and 
phthalic anliydride, crystallises from boiling alcohol in long slender silky needles, 
melting at 194®-195®, easily soluble in hot alcohol, benzene, and glacial acetic acid, 
less soluble in ether. 

P’Bromophenylphthalimidey C®II‘(GO)*N’C®lI^Br, from bromaniline (m. p. 65®). 
crystallises from an alcoholic solution in scales or needles, which melt at 203®. 
P'lodophenylphthaliniide, prepared from y>-iodaniline (m. p. 60°), forms needle-shaped 
crystals molting at 227®, soluble in benzene and in glacial acetic acid. 

7n-Kitrophenylphthalimide, G*IP(CO)*NG®H*(NO*), obtained from w-nitraniline 
(m. p. 110°) is deposited from boiling acetic acid in colourless needles molting at 242® 
(S. Gabriel, Ber. xi. 2260). 

Wr-Biphthalimidodihromodiphnyl, [C*^^(GO)2]^^]*C'*H®B^^ obtained in like manner 
from phthalic anhydride and dibromobenzidine, separates from boiling glacial acetic 
acid in groups of slender crystals, is nearly ^hsoluble in alcohol, eth(*r, and benzene, 
and melts Jit 300®-3()l°. 

Diphthalimidodiphenyl, similarly prepared from benzidine, crystallises in yellow 
scales, very spariiigly soluble, and melting at a very high temperature (Gabriel). 

Paratolylphthalimide,Qm'^m'^^m\\OOf:^i{O^R\m^\ is obtained by 
fusing together phthalic acid and paratoluidine in molecular proportions, and distill- 
ing the product. It crystallises from alcohol in needles, melts at 200®, is nearly 
insoluble in boiling water And in cold alcohol, but soluble in hot alcohol, and can be 
sublimed. On account of its sparing solubility it is but very slowly oxidised by 
potassium permanganate, the product consisting of hydroxyphthalyl-paramidobemmc 

acid, ^ .COOJI^ which is also nearly insoluble in water, melts with 

decomposition at 275®-277°f and is converted by heating with hydrochloric acid into 
paramidobenzoic acid (Michael, Ber. jl, 576). 

PBTBAXiZMZBOBBBZOZC ACZB, C®IP(CO)'^N.G®H«.GOOn. The (yrtho- 
compound is obtained by fusing phthalic anhydride with anthranilic acid, and sepa- 
rates on cooling from the solution of the product in boiling water, in bioad yellowish 
prisms melting at 217®, easily soluble in ether, benzene, and glacial acetic acid. Its 



PMHALYL. 


1621 


sUver salt is a white pulTerulcnt precipitate. The Tneta-acidt prepared in like mfinner, 
forms spherical groups of crystals or capillary needles melting at\.276 0®-270‘^, 
soluble in hot glacial acetic acid, less soluble in benzene and in ether. Its silver salt, 
C«H^(CO)-N.C®H^CO®Ag, separates from a hot solution in padio-Jbteus groups of 
needle-shaped crystals (Gabriel, loc. dt.) 

PBTBAXiOPBBirONBp Syn. with Diphenyl-phthalide (p. 1619). 

PBTHAKTXi (ax-), This compound, formed by the 

action of finely-divided silver on phthalic chloride, has been already described 
(vii. 979). 

Bthine-diplitbalyl, or Ethine-ortkophenylene-diketone, 

= C®H®^qq^CH — obtained by heating phthalic anhydride with 

succinic acid in presence of sodium acetate, is described under Piienylknk Ketonhs 
( p. 1561 of this volume). 

Benaylldene-iUphOialyl, = is formed, with 

evolution of CO*, by heating phthalic anhydride with phenylacetic (a-toluic) acid and 
sodium acetate : 


C«HXC0)*0 + C«ns.CTl*.COOH = G«H<(CO)*.CH.C“Hs + CO* + IT*0. 

It is insoluble in hot water and in dilute ammonia, but dissolves in boiling alcoliol, 
and in hot aqueous ammonia or potash solution. On the addition of an acid 
to its solution in caustic alkali, orthodeoxyhenzoincarhoxylio acid, 
COOH.C“H^.CO.CH‘*.C®H*, separates in the liquid state, but solidifies when loft at 
rest for sovoral hours. This acid when pure is soluble in alcohol, and is dep 'isitcd 
from a boiling aqueous solution in long shining prisms (m. p. 74°-75°) containing 
1 mol. of water of crystallisation, w'hich is expelled at 60°. The silver salt, C'*^*’AgO^ 
Js indistinctly crystalline. The acid heated to 190” with hydriodic aciil is converted 
ortho-dihenzylcarhoxylic COOH.CW.CH*. Cll*.C“ll^ which is de- 
posited from its solution in alcohol in largo tabular crystals, insoluble in water, but 
readily soluble in alkalis, 'fho. aqueous solution of ammonium ortho-dibenzyl- 
carboxylate forms a white precipitate with lead and silver salts, pale blue with copper 
salts. The silver salt when gently heattKl yields dibonzyl, C®H^ClP.ClI*.C“I^■^ 

Orthodeoxybenzoincarboxylic acid is converted by sodium-amalgam into benzyl - 
.CH— CH*— 

phthalido, C®H\ ^0 (Michael a. Gabriel, Ber, xi. 1018). 

^CO^ 

CH*.C-U- 

, is 


Imido-deoxyhcmoincarhoxylic Anhydride, C‘*H“NO = C®H<^ 

formed by the action of ammonia at 100° on deoxybenzoincarboxylie acid, and sepa- 
rates, on recrystallising the resinous residue thereby produced from alcohol, in yellow 
scales melting at 182°-183°, insoluble in hot water, not affected either by alkaline 
or by acid solutions. Its formation appears to take place by two stages, thus : 


- H«o = 

(Gabriel a. Michael, Ber. xi. 1679). 

PBTBABYZiACBTXO ACXB, C“H®0< * C®H*<^^Q^Cn— COOH (Michael 

a. Gabriel, Ber. x. 391, 1661, 2199). This acid is prepared by boiling a mixture of 
1 pb. phthalic anhydride, 2 pts. acetic anhydride, and 0*2 pt. dry sodium acetate : 

= CH*.COOH + C*H‘<^o>CH-COOH. 


After the boiling has been continued for two hours, two-thircls of the quantity o* 
acetic anhydride added is to be distilled off, awd the residue mixed with four or five 
times its volume of glacial acetic acid, whereupon the phthalylacetic acid separates 
out, and may be obtained in colourless needles by crysUillisation from glacial acetic 
acid or nitrobenzene. When the process is thus conducted, the yicld^ amounts to 1 4 
per cent, of the phthalic anhydride used ; but if the boiling be continued for more 
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than two hours, large quantities of resin are formed, and the yield of phthalylacetic 
acid is greatly diminished. 

Reactions.r—l. A neutral solution of phthalylacetic acid in potash yields, on 
addition of hydrochloric acid, a precipitate of the unaltered acid ; a solution containing 
excess of potash, on the other hand, gives no immediate precipitate with hydrochloric 
acid, but the acidulatcxl liquid, if left at rest, gradually deposits a now acid, 
containing the elements of 1 mol. phthalylacetic acid and 2 mols. water. This acid 
is bibasic, and has the constitution of benzacot-ortho-carboxylic acid 

.COOH ^ When boiled in aqueous or alkaline solution, or when 

fused, it gives off water and carbon dioxide, and is converted into acetophonone- 

< CO CH* 

COOH ' which may also be produced 

directly by heating phthalylacetic acid with water to 200®, forms crystals having a 
vitreous lustre, a sweet taste, and melting at 114®-115°. Its salts are difficult to 
crystallise. 

2. The action of bromine on phthalylacetic acid dissolved in acetic acid gives rise 
to tribromacetophenono-o-carboxylic acid, Br“C.GO.C“U^COOH, which 
melts at loO i'i^-lOO®, and is resolved by alkalis into bromoform and phthalic acid 
When, on the other hand, bromine jicts upon dry phthalylacetic acid in presence of 
chloroform, the mixture being heated for two hours at 100'^ in a sealed tuhf?, 
phthalylmonobromacetic acid, C®H\CO)2CBr.COOII, is formed, which melts 
at 232°~ 23o°, and is cjisily decomposed by alkalis and water at 180°. 3. Chlorine 

acts on phthalylacetic acid suspended in glacial acetic acitl in the sjime manner as 
bromine, converting it into trichloracetophenonc-o-carboxylic acid, which 
melts at 144°. 4. Ammonia converts it into phthalylacetamido. 

5. Phthalylacetic acid, heated on the water-bath with sttowQ mlphnric acid/\f\ con- 
verted, with separation of carbon dioxide and water, into a yellow body, C®H^O, which 
is also formed in small quantity in the preparation of phthalylacetic acid. This com- 
pound, when fused with potash, is converted into an acid body having the ompiricaf 
formula C®H*0'‘' = C*H‘0 -i- 11*0, which crystallises in colourless prisms, dissolves 
easily in alcohol, ether, glacial acetic acid, and alkalis, but only sparingly in benzene 
and carbon disulphide. Heated to low redness with lime, it yields tri phenyl- 
benzene, C®H®(C®H*)®. This reaction shows that the acid in question must bo a poly- 
meride of and that it is in fsjc.t phenenyUtrihemoic oaMs C®JP(C"H*.C00H)®. 

On this view, the formation of triphenylbenzene from it will be represented by the 
equation 

C®H®CC•H^COOH)* = 300^ + C®H>(C»H®P 


(Michael a. Gabriel, Her, xi. 1007). 

6. Sodium^amalgam converts phthalylacetic acid in alkjilino solution into a 
monobasic acid, C'®H''0‘ (m. p. 150°), which may be regarded as the Jinhydrido of 
benzhydrylacetocfirboxylic acid, G*®H*®0®: 

Acid. Anhydride. 


Benzhydrylacetocarboxylic acid is not knowndn the free state, but some of its salts 
have been prepared. The barium salt 




gives off J mol. water at 100°. When heated to 220°-240° it gives off, in addition 
to its water of crystallisation, a second molecule of water, and its solution, acidulated 
with hydrochloric acid, then yields a pulvenilent precipitate of a bibasic acid, isomeric 
with the anhydride G*®H*0^ The group GH(OH)GlP.GOOH is thereby converted 
into GH=::GH — GOOH + H*0, and the now acid is cinn am o carboxyl ic acid, 

G®H^^^q^^^ GOOH yp 2 at. bromine, forming the d i b r o m i d e, 

and unites with nascent hydrogen, forming hydro- 

T *1 n6Tr4>^H*Cn*.GOOH 
cinnaxnocarboxylic acid, • 

vBVBAXinnMnoinc acx9, c"H»o* = 0‘H‘<;^^>0H.ch*C00H 
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(Gabriel a. Michael, Ber. xi. 1017, 1679). This acid is prepared by heating a mixture 
of phtiialic and propionic anhydrides with sodium propionate, dissolving the product 
in boiling acetic acid, and filtering the liquid while hot. On cooling, the acid 
separates in slender needles melting at 246° -248®. 

Phthalyl-propionamide, C®EI^(CO)* CII.CH*.CONH=*, separates in iridescent scales 
melting at 193®-196°, on adding an acid to a hot solution of phthalylpropionic acid 
in ammonia. 

I^opiophciMne-^arboxylic acid, is formed when phthalylpropionic 

acid is boiled with excess of potash-solution : + IPO = + CO*, and 

crystallises from its alcoholic solution in slender colourless needles, which melt at 
91°_92°. The silver salt, G‘®ll®AgO*, also forms long needle-shaped crystals. 

Phthalylpropionic Jicid is converted, by the action of phosphorus and strfmg 
hydriodic acid, into propylbenzoic acid, COOIT.C^H^CH-.CIP.CH* ; thus: 
C“I1*0* + IP = C‘®II**0** + CO*. This compound, which is easily soluble in the usual 
solvents, forms crysbillino scales melting at 68°. 

The action of strong sulphuric acid on phthalylpropionic acid .at the heat of tho 
water-bath is similar to that which it exerts on phthalylacetic acid (p. 1621), giving 
rise to the compound G*"U"0*, which crystallises from alcohol in silky net‘dlcs, 
melts at 2o6°“237°, is insoluble in acids and aqueous alkalis, and appears to yield an 
acid by fusion with potash. Its formation may be represented by the equation ; 

2C"IPO^ = C*»n«0» + 2CO* + H*0, 

and the reaction may resolve itself into two stages, the first consisting in the forma- 
tion of the diketonc, plitlialylethylideno, thus: 

C'‘n'<^Q>cii.ciP.cooH = co» + cw<:;;^[^cii.CH“, 

two m'olccules of which then unite together under tho influence of tho sulphuric acid, 
with elimination of a molecule of water 

2C()<|i!|[ 1>CO - Jt-0 + 

the change being similar to that which takes place in the conversion of acetone, C*H®0, 
into mesityl oxide, C*®Jl'®(). 

Phthalylpropionic acid, dissolved in dilute sodoAcy, is converted by assumption of 
water into benzoylpropiocarboxylic acid, 

This .acid has not been isolated, but its form.ation m.ay bo inferred from the action of 
sodium-amalgam on the alkaline solution just mentioned, whereby a body is formed 
which crystiillises from dilute alcohol in shining colourless needles having the com- 
position C"H'®0\ This last compound is slightly soluble in cold, moderately soluble 
in hot water, an<l dissolves readily in the other ordinary solvents; it softens at 135°, 
melts at 140°, dissolves in aqueous alkalis, decomposes carbonates, and is converted 
by boiling with baryta-water into a barium salt having the composition C"il'®JlaO*. 
From these properties, and from the analogy of the reaction to that which takes 
place with phthalyl-cacetic acid, the body C*‘H'®0'* may be regarded as 
.CH\G*n^COOH 

C*H\ yO , that is, as ’an anhydride of bcnzhydrylpropiocarhoxylic acid, 

^ .COOH^ constitution of the barium salt may be represented 

by the formula : 

C«H <^H(O^ C mCOO^ ^^ 

PBTCOGTAirOOfiXr and PBTGOBRTTBRZir. See Plant-colours. 
PBT&ZiZG AGZB. A substance obtained by C. Bougarel {Bull. Soc. Chim. [2], 
xxviii. 148) from the leaves of several trees, e.g. the cherry-laurel, quince, apple, 
peach, almond, mulberry, and elder. It is found in the alcoholic extr.act of the leaves, 
and, after purificfition, forms colourless crystalline granules, soluble in .alcohol, ether, 
chloroform, and carbon bisulphide, insoluble in water. Sp. gr. about 1*014. It melts 
at 170°, and solidifies on cooling in flat prisms terminated by pyramids of about 120°. 
When heated above 180° it decomposes, giving oflP white fumes of balsamic odour, 
which condense in oily drops. Dilute acid.s have no efToct upon it. In contact witb* 
cold potash, it does not apparently dissolve, but combines slowly, forming a body 
which crystallises in prismatic needles with square base. These needles, which are 
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the potassium salt of phyllic acid, are slightly soluble in cold -water, soluble in hot 
slightly alkaline solutions ; insoluble in strong alkalis ; soluble in alcohol, ether, and 
chloroform. The analysis of the acid led to the formula which, however, 

requires confirmation. Both the acid and its salts are optically dextrogyrate. 

PKTUZTE- or SERZCZTJB-GITBZSS. A rock occurring in the Casanna 
Pass, in the Engadino, Switzerland, examined .by C. W. Giimbel {Jahrh.f, Min, 1878, 
383 ; Ghem. Soc. J. xxxii. 207). 

PBTXiXiOCYAirZC ACZB, PBTXiXiOCBROMOGSir, PBTXiXiOB- 
AWTBZN. See Ghlouophyll (p. 452). 

PBYSOSTZGIBZBB. According to Hesse (Jahresh. /. Chem. 1877i 177)i this 
base, the active principle of the Calabar bean (iv. 635), is amorphous. The bean, 
however, yields also a substance (m. p. 133°-134°) very much like cholesterin and 
isoeholesterin, and this is probably the substance which -was mistiiken by Vec {J, Pharm. 
[4j, i. 70) for a crystalline alkaloid (the so-called ‘ eserine ’) of the Calabar bean. 
The base described by Petit (vii. 472) under the name of eserine was doubtless 
identical with physostigmine. 

PBYTOSTERZMT, (Hesse, lAehig's Annalen, cxcii. 175). A neutral 

substance, identical or homologous with cholesterin, obtained from Calabar beans by 
extraction with petroleum-ether. The resulting solution leaves on evaporation an 
oily residue, which after some time solidifies to a butyraceous mass of crystals ; and 
on pressing this mass between bibulous paper to remove the oil. dissolving the residue 
in hot alcohol, and recrystallising from ether and alcohol successively, brilliant colour- 
less tabular crystals are obtained which molt at 132®-133°, and give on analysis 
numbers agreeing with the formula C^^H^^O.H^O. By recrystallisation from petroleum 
ether, this substance is obtained in anhydrous needles. 

A solution of phytosterinin chloroform showsloft-handed polarisation, (o)n « — 34‘2° 
at 15°. Phytostorin seems to bo identical with Kolbe’s * cholesterin obtained from" pots.* 

Cholesterin, obtained from gall-stones, crystallises from alcohol and from chloro- 
form ill forms the same as those assumed by phytostorin, but the crystals obtained 
from an ethereal solution consist for the most part of tables. Cholesterin melts at 
145°-146°. Dehydrated cholesterin in chloroform solution gave a left-handed 
polarisation, (o)u = — (36*61 + 0*249 p). 

Cholesterin, according to all chemists who have hitherto examined it, has the 
same composition as that which He.sse assigns to anhydrous phytostorin, viz. C**H '<0 
(i. 924 ; vi. 446 ; vii. 328 ; viii. 454). Hesse, however, is inclined to regard it as the 
next lower homologue of phytosteriii, viz. C**H^"0 ; he thinks it probable, also, that 
the two substances occur together in the animal organism. 

PZCOEZITE, CH^N. See Ptridine-bases. 

PZCOTZTE. This black chromiforous spinel, originally found as a constituent of 
Lherzolite (iv. 640), occurs also in the basalt nodules of Kasakov. Two analyses by 
F. Farsky (Verh. geol, lieichsamt, 1876, 207) give the following re.sults : 


SiO» 

Aro» 

Cr*0* 

MgO 

PcO 

3*77 

50*34 

5*75 

17*87 

22*27 = 100 

1*25 

52*47 

7*01 

18*23 

21*42 « 100-38 


PZCRACOBZTZETE. A base isomeric.Jvith aconitine, sometimes occurring, 
together with the latter, in the root of Aconiluni Napelltts. It is amorphous, anil 
exhibits but little physiological activity (C. R. A. Wright, Chem. Soc. J. xxxi. 243). 

PZCRAXBZBE, or Trinitranilim, C®H*(N02)*NH* =- C«.NmNO».H.N02.H.NO* 
(p. 210). This compound, heated -with alcoholic ammonium sulphide at 130°, is 
converted into a dinitrodiphenylene-diamine, melting at 210°-211° (p. 1558). 

Picramide unites with aromatic hydrocarbons and amines, forming crystalline 
compounds. The hemene^compound, C®H®(NO*)*NH*.C*H®, separates from a solution 
of picramide in benzene, on slow evaporation, in pale yellow transparent prisms which 
fall to pieces on exposure to the air. A similar compound, crystallising in brown 
transparent needles, is formed -with toluene. 

The compounds of picramide with aromatic hoses separate in crystalline form when 
warm concentrated alcoholic solutions of the bases are added to excess of picramide ; 
they give off the base at 100°. The onQ.inC’Com'pound^ C*H*(NO^®NH*.C*H^N, forms 
black shining needles or prisms: the paratoluidine and dimethylaniline-compounds 
also form black shining crystals (Mertens, Jier.xi. 843). Hepp {Bull. Soc. Chim. 
[2], XXX. 4) also describes compounds of picramide -with aniline, which differ from 
those obtained by Mertens, in giving off the whole of the aniline on exposure to the 
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PlCILtC AdZDi C«IP(NO*)®OH. Syn. with Trinitrophenol. See Fhenoi. 
(p. 1528). 

PZCRO-AKUirOGZSXr. a magneslo-aluminic sulphate occurring in stalactites 
in the iron-mine of Vignoria, Elba. An analysis by G. lloster (Jahrh, /. Min, 1877, 
531) gave : 

SO* A1*0* MgO • K*0 CoO H"0 

36-387 9*160 8 189 0*368 trace 46-690 * 99 794 

agreeing nearly with the formula 2MgSO<, APS*0'* + 28H*0, which requires 36*80 per 
cent. SO*. 9-48 APO®, 7*36 MgO, and 46-36H®0, and showing that the mineral is 
nearly allied to pickoringito, MgSO^ Al'S^O’* + 22II®0 (v. 683). 

PZCROPHARMACOXiZTB. A native calcium arsenate allied to pharmacolito 
(p. 1513). 

PZCROROCCEXiZinr. A bitter substance obtained from Hoccella fuciformis {q.v.) 

PZCROSCXiBROTZlirB. A bitter and highly poisonous alkaloid obtained from 
ergot of rye (Dragondorff, Jims. ZcUschr. Pharm, xvi. 609 ; Chem. Centr. 1878, 126, 
141; Ghcm. Sog. J. xxxiv. 518; Elumberg, Pharm, J, Trans, [3], ix. 23, 66, 147; 
Chem. Soc. J. xxxvi. 270). 

PZCROTBPBROZTB. A light red mineral from Laangban in Norway, which 
may bo regarded as tophroite (Mn'‘'SiO\ v. 254), in which the manganese has boon 
partly replaced by magnesium. An analysis by Paijkull {Jdhresh.f. Min. 1878, 209) 
gave: 

SiO* MnO CaO KgO Loss on ignition 

33-70 51-19 0-95 12-17 044 = 98*45 

PZCROTORZir (Patorno a. Oglialoro, Gaiss. chim. ital. 1876, 531 ; 1877, 193). 
The^ composition of this substance has hitherto been represented by tlio formula 
deduced by Barth from the analysis of a dibromo-derivativo, O'^H’^Br-'O', 
and a mononitro-derivative, C*®IT.'®(NO-)0*, wliicli ho prepared and analysed, ancl 
from older analyses of the substjinco itself (iv. 643), Paterno a. Oglialoro, however, 
having prepared a specimen of picrotoxin, the purity of which was guaranteed by the 
fact of its molting point remaining constant at 199®-200‘\ even after repeated 
fractional crystallisation, found that it gave, as the mean of live closely agreeing 
analyses, 69-27 p.c. 0. and 5*52 II., whence they deduce the formula OTI*®0\ which 
rcMiuires 59*34 per cent. C. and 5*49 II., whereas requires 60*50 C. and 5*88 

11. By the action of bromine on picrotoxin, a crystalline mass was obtained con- 
taining only 21*39 percent, bromine, whereas Barth’s formula of the dibromo- com- 
pound requires 40 per cent. The hot alcoholic solution of this brominated compound 
deposited, on cooling, crystals which wore free from bromine, sparingly soluble in 
alcohol, became coloured at 240°, and decomposed completely at 263°, and therefore 
did not consist of picrotoxin. 

By saturating an ethereal solution of picrotoxin with hydrochloric acid, Paterno a. 
Oglialoro obtained a crystalline compound, = 3C®H'®0*~H®0, insoluble in 

.'ill ordinary solvents, and melting at a temperature above 310°. This compound, 
which they call picrotoxide, is also formed by the action of acetyl chloride and other 
dehydrating agents on picrotoxin. Subsequently, however, by the action of bromino 
on picrotoxin snspeuded in ether, they obtained a brominated compound, C'^H*^BrO®, 
and a body having the composition or + K®0. This substance they 

regard as a hydrate of picrotoxidc^ assigning to picrotoxide the formula C’*TP“0'', 
which gives nearly the .same percentage composition (61*65 C., 6*48 H., and 32-87 0.) 
as the formula (61*36 C., 5*31 H., and 33*33 0.) A diacctyl-dtrivative^ 

Qi5jjie^02j:£ao)2O^ is formed by the action of acetyl chloride on the hydrate of 
picrotoxide. The whole subject seems to require further investigation. 

PZCRnAMZRSS and PZCRYXi-RXTRAirZZiZirBS. Bases produced by 
the action of picryl chloride on the nitranilines. See Benzene, Nitb.\mioo- (p. 199). 

PZOMBITTS. On the hlack pigment of Hair and Feathers, see Feathers 
(p. 461). 

A green pigment, prepared by decomposing barium chromate with sulphuric acid, 
and hejiting the chromium trioxido thereby liberated to bright redness, is described 
by T. Douglas {Chem. Netes, xl. 59 ; Chem.^8oc. J. xxxvi. 987). 

A fine white pigment, possessing great covering power when mixed with oil, is 
obtained by precipitating zinc chloride or sulphate with an alkaline sulphide, calcining 
the dried precipitate in a furnace, and levigating it by raking it out, while quite hor., 
into vats of cold water (Phipson, CJtem. News^ xxxviii. 106 ; Chem. Soc. J, xxxiv. 
1017). 
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PZ&nrZTB. A mineral, hitherto regarded as a zeolite, occurring in felted 
needles, together with quartz, epidote, and desmin, in cavities of the granite of 
Strigau in Silesia. From microscopic measurements it is inferred to belong to the 
orthorhombic system, and in the flexibility of the needles it resembles the silicates of 
the asbestos-group. Sp. gr. 2-263 at 16®. Analysis gave: 

SiO* A1*0*, Fe“0> CaO . Li“0 H“0 

65-70 18-64 19*61 1*18* 4*97 = 100 

with traces of magnesia, soda, and potash. These numbers may bo represented by 
the formula Ca'‘Ar-*Si®0'® + aq = 2CaO,APO® SSiO'^H^O (A. v. Lasaulx, Jahrb.f, Min. 
1876, 358). 

PZ&OCABPlSiria and PZZiOCARPZlTB. See Jaborandi (p. 1141). 

PZnZABXC ACZDf This acid resin, which Laurent obtained from 

galipot, the hardened turpentine of Pinus mariiima (iv. 645), has been further 
examined by A. Oaillot (Bull. Soc. Chim. [2], xxi. 387). When fresh galipot, after 
washing with cold alcohol, is dissolved in twice its weight of 86 per cent, alcohol at 
60 \ and the solution is quickly cooled, pimaric acid separates in small crystals 
exhibiting the chanicters described by Laurent, including the melting point, 125®. 
Under the microscope, those crystals present the appearance of elliptic laminae, 
gradually changing into octagons. The alcoholic solution is strongly laevogyrate, 
and the more so as it is more dilute. The rotation of a 5-8 p. c. solution for the lino 
D is —92-7 ; that of a 24-8 p. c. solution, —78*6. 

The properties of pimaric acid are not altered by repeated crystallisation from a 
rapidly cooled solution in warm alcohol ; but if it be dissolved to saturation in boiling 
alcohol and the solution left to cool very slowly, it separates in hard crusts which 
redissolve but slowly. At each repetition of this treatment, the melting point of the 
acid rises, and its rotatory power becomes less. When an alcoholic solution of ^ thp 
acid is heated in a scaled tube, it gradually loses the whole of its Iserorotatory power, 
and ultimately becomes dextrorohitory. The acid thus altorod by boiling with alcohol 
consists of three portions, viz. : (1). Dc.vtrapimaric add (rotatory power -h 56°), 
slightly soluble in cold alcohol, crysbillising in rocbingular plates, and melting at a 
temperature above 200°, (2). Laurent’s pymmaric acid having a hevorotatory power 

of —66°, more soluble than the preceding, melting at 145°, and separating from warm 
alcohol in herni-ellipscs, which change into triangular lamina?, and sometimes into 
crystals resembling galena. (3). A feebly Imvorotatory acid, which hitherto has not 
been completely separated from the accompanying residues of the other two. The 
same alteration, though less complete, is produced in pimaric acid by simple dis- 
solution in ethyl acetate, chloroform, benzene, turpentine-oil, and especially in carbon 
bisulphide. The acid contained in the latter solution had a rotatory power of only 
— 11-6, which is increased to —37 on expelling the airbon sulphide and dis.solving 
the residue in alcohol. A hot solution of pimaric acid in aqueous sodium carbonate 
yields crystals, not of sodium pimarato, as stated by Duvernoy, but of dextropimarate 
and pyromarate, while the sodium salt of the third acid above mentioned remains in 
solution (Oaillot). 

The sodium or calcium salt of pimaric acid yields by dry distillation propylene, 
amylene, propione, and a terebeue (Bruylants, Instit. 1:876, 238). 

PZ1MCBUC ACZD, = An acid having this composition 

was found by Laurent among the products of the oxidation of oleic acid by nitric acid ; 
and similar products wore obtained by Broraeis, Gerhardt, Sacc, and Arppe, by the 
action of nitric acid on wax, spermaceti, and other fatty bodies (iv. 646). All these, 
however, appear to have boon impure products, and, according to Arppe, were for the 
most part nothing but mixtures of adipic and succinic acids (Jahresh.f. Chem. 1864, 
377). Two definite modifications of the acid CUI'*0^ are, however, knowm, one called 
pimelic acid, obtained by the action of melting potash on camphoric acid (Hlasiwetz 
a. Grabowski, vi. 389), and by saponification of amylene dicyanide, C®H‘®(CN)* 
(Bauer a. Schuler, Ber. x. 2031) ; the other, called a-pimelic acid, by the action of 
nitric acid on suberone (Dale a. Schorlemmer, Chem. Soc. J. xxvii. 936), and by the 
reducing action of hydriodic acid end red phosphorus on furonic acid (Baeyer, p. 834). 

Pimelic acid. — To obtain this acid by saponification of amylene dicyanide, the 
preparation of which in the pure state appears to be difficult, Bauer a. Schuler allow 
an alcoholic solution of potash to flow in a slow stream into a heated mixture of 
amylene dibromide and potassium cyanide ; distil off the alcohol, together with mono- 
bromamylene, after the heat has been continued for some time ; mix the residue with 
sulphuric acid ; and extract the pimelic acid, thus set free, with ether. The calcium 
* Determined by difference. 
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salt of tho acid thus obtniiiod exhibited the characteristic properties of that of the 
pimelic acid prepared by Kachler from camphoric acid. The process above described 
yielded also, together with a small quantity of formic acid, another acid isomeric 
with pimelic acid, which, however, was not obtained pure (Bauer a. Schuler). 

Pimelic acid prepared from camphoric acid is usually obtained, after purification, 
in transparent crystalline crusts, sometimes, however, in distinct crystals which, 
according to measurements by v. Zepharovich (Wien. Akad Ber. Ixxiii. [1 Abth.J 7) 
of crystals prepared by Wredon (Liebitfs Annalnn^ clxiii. 323), belong to the tri- 
clinic system, a: b: c = 0-4971 : 1 : 6*5992. In tho first octant (upper, front, 
mht), 5 = 81° 60' ; j3 = 100° 2' ; 7 = 85° 6'. Obsorvefl forms 00 P 00, 00 jf 00, OP, f ' 00, 
'P 00, 2T 00, 00. Anglo oP : 00 P 03 « 99° 12'; OP : 00 P 00 - 79°_7'; 00 P 00 : 00 P 00 
96° 29'; OP : P' 00 = 32° 51'. Cleavage perfect _parall cl to 00 Poo and yP, c». Tho 
trace of the plane of tho optic axes forms on 00 P 00 with the obtuse edge a c an angle 
of 59° 6'. Anglo of optic axes in oil = 70° ; tho first (positive) median line falls in 
the right upper octant. 

Pimelic acid melts at 1 14°, is very soluble in water, alcohol, or ether, and has a 
taste like that of tartfiric acid. The aminoninm salt forms very soluble, hygroscopic 
loallets containing G'H'®(NIf The sodium salt is very soluble, and contains 
C’H’"Na'‘0^ The barium salt is cxtiecdingly soluble, and its solution evaporated 
under the air-pump first deposits plates and then dries up to a porous mass, which, 
when dried at 200°, contains C’lI'®BaO*. Tho magnesium salt dries up to an 
amorphous mess, containing C’lP‘’MgO\ Tho copfcr salt was obtained as a green 
precipitate, which, when dried at 160°, contained CMl>®CuO^ A solution of tho 
ammonium salt is not precipitated by the salts of manganese, ferrosum, zinc, 
cobalt, nickel, chromium, cadmium, or mercurosum, but it is precipitated by the 
salts of ferricum, aluminium, lead, or bismuth. 'The ethylic ether, C^Ji'®(G“Il*)‘0*, 
prepared by passing hydroclilorie acid into an- alcoholic solution of pimelic acid, is a 
heavy oil having a fruity odour, and boiling at 236°-2-10°. 

’ Pime/m C^JP®()’, produced by distillation of the acid, is a colourless 

liquid boiling at 245°-25()°, and reconverted into the acid by hot dilute alkalis. 

Pimelic chloride, C’11'®C1“0-, obtained by treating the acid with phosphoric chloride 
and heating the product at 120°, distils, with partial decomposition, at 210°. 

When pimelic acid is treated either with bromine or with bromine and water, 
amorphous products are obtained, and in tho former case butyric acid is .also formed. 
This acid is likewise produced when pimelic acid is fused with potash : hence it is 
highly probable that tho higher fatty acids which accompany pimelic acid in its pro- 
duction from camphoric acid result from tho decomposition of butyric acid. Assuming 
tin’s, the rejiction which takes place in tho preparation of pimelic acid from camphoric 
acid, C*®H**0\ may bo represented by the equation : 

CioHiflO* + + CO*. 

(Kachler, lAebig^s Anncden, clxix. 168). 

orPimelic acid is produced : 1. By oxidation of suberone with nitric acid, 
C’H‘*0 + 0*=C’H.‘*0*. 2. By heating furonic acid with 6 pts. of hydriodic acid 
(b. p. 127°) and J pt. rod phosphorus at 200° : + 311*=* C^H**0* + H*0 (Baeycr, 

X. 1368). 

a-Pimclic acid is distinguished from pimelic acid by its melting point, 103° 
(D. a. S.), 100° (Baeyor) ; its crvstalline form, which is very much like that of 
meconic acid (p. 1269) ; and tho property exhibited by its calcium salt, C^H‘®CaO\ 
of dissolving in cold more freely than in hot water. Tho barium salt, C^H*®BaO^ + H*0, 
forms transparent, tabular, very soluble ciystals ; tho silver salt, C’H'®Ag*0^ is a 
heavy, white precipitate, not altered by light, slightly soluble in boiling water (Dale 
a. Schorlemmor). 

Constitution of the isomeric Pimelic acids. — ^Both these acids are amylene-di carb- 
oxylic acids. Supposing, then, that the amylcne cyanide from which Bauer a. Schuler 
obtained pimelic acid contained ordinary amyleno, i.e. trimothyl-ethyleno (p. 80), it 
follows that pimelic acid must be represented by tho formula 

C(0H*)*— COOH 
AhCCH')— cooh’ 

and if suberic acid be regarded as a normal compound, its ketone (suberone), and tho 
a-pimelic acid formed therefrom will bo represented by the following formulae : 

CH*.CH*.COOH 
djH'.CmCH’.COOH 

a-Pimcllc acivl. 


CH*.0H*.CH*v 


isuberouc. 
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vnrACOUir, C*H”0. This componnd, which Fittig obtained dehydration 
of pinacone, or hexylene-glycol, (iv. 617), is regarded by Friodel a. Silva 

{(hmpt. rtynd, Ixxvi. 226) as an anhydride of pinacone ; and pinacolyl-alcohol, 
produced by the action of sodium or sodium-amalgam on pinacolin (vii. 982), 
is regaled by the same chemists as a tertiary hexyl-alcohol, viz. dimethyl-isoprap^l- 
carhmoli the relations between the three bodies being represented by tlie following 
formulse : 


(CIP)*COH 

(cn>)»(!iOH 

Pinacone. 



Pinacolin. 


0 


(CH>)*COH 

(CH>)4h 

Dimethyl-isopropyl Corbinol. 


But the true dimethyl-isopropyl carbinol produced by treating isobutyryl chloride 
■with zinc-methyl, and decomposing the product with water (p. 1036), differs consider- 
ably in physical properties from pinacolyl alcohol, and the formation of the latter 
by hydrogenation of pinacolin, and. its reconversion into that body by oxidation, show 
that it is a secondary alcohol, viz., mcthyl-katahutyl carhinolt of which pinacolin is the 
ketone : 

CH»CHOH.C(CH*)* CH>.CO.C(CH»)> 

Pinacolyl alcohoL Pinacolin. 


This view of the constitution of pinacolin is confirmed by its formation Iruni tri- 
methyl-acetyl chloride and zinc-methyl, as observed by Butlerow (p. 1148) : 

ci.co.c(CK>)* + Zn(cn»)* = Zn(CH»)Ci + cn*.co.c(cn»)». 


A further confirmation of the same view is afforded by the formation of trimethyl- 
acetic (pivalic) acid (p. 1601), by oxidation of pinacolin, observed by P'riedel a. 
Silva : 

CH*.CO.C(Cn>)» + 0^ = C(CH*)».CO.OH + C02 + H^O. 


The formation of pinacolin from pinacone (tetramethyl-glycol) may bo represented by 
the equation 

(CH»)‘'C(OH) (C1P)»0 

I - H^O = I 

raon) (cn»)co 


(CH»)^C(on) 


(Butlerow, Ber, vi. 1264). 

On the homologues of pinacolin obtained by the action of trimethyl-acetyl chloride 
on zinc-ethyl, and of ethyl-dimothyl-acctyl chloride on zinc-methyl and zinc-ethyl 
respectively, see Ketones (p. 1148). 

Phenyl-methyl Pinaeolins, — ^Phenyl-methyl ketone (acetophenone) might be 
expected to yield three pinacolins, represented by the following formulse : 


(I.) (CH*).c,^ 


C«H*.(CH»)C 

(II.) (O'H*)(CH»)20.C0.C*H*; (III.) (C«.H‘)*(CH»)O.CO.CH» ; 


but, although several products are formed by the long-continued action of zinc and 
strong hydrochloric acid on an alcoholic solution of acetophenone, only one of the 
resulting pinacolins has been isolated viz., no. Ill; The oily lic^uid boiling between 
300® and 330®, which remains after distilling the crude product in a current of steam, 
to remove unaltered acetophenone, deposits crystals of this acetophenonepinacolin ; and 
the mother-liquor yields, on fractional distillation, pinacolin, acetoplienonepinacono, 
a substance of unknown composition, melting at 107°, and an oil boiling below 300°, 
which does not solidify, and may perhaps contain small quantities of the pinacolins I. 
and II. Pinacolin III. crystallises in rhombic prisms, which are soluble in benzene, 
chloroform, ether, glacial acetic, acid, and hot alcohol. It molts at 41°, boils at 
810°, and is decomposed by soda-lime into acetic acid and diphenylmethylmethane, 
(C*H*)*CH.CH*. This hydrocarbon boils at 264°, yields benzophenone on oxidation, 
and is identical in its properties with the hydrocarbon described by Goldschmiedt 
and by Eadziszewski as diphenyl ethane (p. 673). By the action of hydriodic acid 
and red phosphorus, the pinacolin is reduced to diphenylethylmethylmethane, 
(C®H*)*0(CH*)(C*H*), which crystallises in transparent plates or prisms melting at 
127*6'’, and is perhaps identical with the aiphenyldimethylethane obtained by Engler 
a. Bethge from phenylmethyl-carbinyl bromide (p. 668) and by Eadziszewski {Ber. 
vii. 142) by the action of zinc-dust on a mixture of ethyl-benzene and bromethyl- 
benzene (Thorner a. Zincke, Ber, xi. 1988). 

On Benzpinacolins and Tolyl-phenyl Pinacolins^ see Ketones (p. 1156). 
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pnrACOZiTXi A&C0B0&, C«H»0 = Cn».Cn0H.C(0H*)*. See Hbxyl Al- 
cohols (p. 1035). 

PUf ACOWBS. Tho six carhoii pinacoue, C*H”0*, is formed by treating tetra- 
mothylethylene bromide, (011*)“G=0(G11*)-, with silver acetate, and saponifying the 
resulting tetramethyl-ethylene acetate with baryta. A crystalline hydrate of pinacone, 
C“H^“0*.611“0, is thus obbiiued, melting at 46‘3°, and identical in every respect with 
that which is produced by the action of sodium-amalgam on aqueous acetone (iv. 
648) : hence it follows that pinacone is tetramethylethyleno glycol, 
(CH*)*(OH)C— C(OH)(CIl*)2 (Pawlow, Liebigs Annalen^ exevi. 122). 

The following method of preparing pinacone in considerable quantity is given by 
Friedel a. Silva {Bull. Soc. Chim. [2], xix. 289). A solution of potassium carbonate 
(of such strength as not to dissolve any perceptible quantity of acetone, but to be 
easily decomposed by sodium) is intrtKluccd into a row of 14 to 16 flasks; 600-700 
grams of acetone are distributed between the same vessels, and 200 to 250 grams of 
sodium, in pieces about tho size of a peti, are thrown in. The sodium sinks in the 
layer of acetone, and comes in contact with the watery layer, where it liberates hy- 
drogen, which is almost completely fixed by the acetone. After the whole of the 
sodium has been introduced, the upper layer of tlie liquid is fractionally distilled, and 
in this manner from 250 to 300 grams of pseudopropyl alcohol are obtained, together 
with 60 to 65 grams of anhydrous pinacone, which may be dissolved in water, and 
crystallises out as tho pure hydrate. 

Finacolyl^pinacmw, G'-IPO*, is formed in tho preparation of pinacolyl alcohol 
from pinacolin (vii. 982), and remains, on distilling off the alcohol, in tho form of a 
crystalline mass which melts at 69° (Friedel a. Silva). 

Benssplnacone, This compound, which Linncmann obtained (iv. 648) 

by the action of zinc and dilute sulphuric acid on diplienyl ketone (benzone or benzo- 
< phenone), is usually regarded as tetraphenyl glycol, (G“H^)*'*(IIO)C- -C(OIl)(C“H’‘)*, 
that is to say, as related to diphenyl-ketone in the same manner as ordinary pinacone 
to acetone. If this were its true composition, it might bo expected to form secondary 
as well as primary others by substitution of alcohol-radicles for tho hydrogen of the 
two hydroxyl-groups. Thdrner a. Zincke, however {Ber. x. 1473), after repeated 
efforts, have found it impossible to effect this substitution, so that the constitution of 
the pinacone must for the present remain undecided. 

Benzpinacone, heated for six to eight hours with hydriodic acid and red phosphorus, 
is converted intotetraphenylothane, C*H'''(G“II*)‘‘, which is easily separated from a 
small quantity of the unaltered pinacone by extraction with ether, and crystallises in 
large prisms melting at 206° (Graobe, Ber. viii. 1054). 

According to Thorner a. Zincke, bonzpinacone, when fused or distilled, is not con- 
verted into a physical isomcrido, as stated by Linnemann., but is resolved into bonzo- 
phenone and beir/hydrol, + G^®H**0, the decomposition being 

complete even at the melting point of tho pinacone. 

Benzplnacollns, C=*®]r“®0. Thomor a. Zincke {Ber. x, 1473; xi. 68, 1396). 
Two bodies of this composition, distinguished as a- and jS-pinacolins, are produced by 
tho action of acids and acid chlorides on bonzpinacone, also by heating diphenyl ketone 
in alcoholic solution with zinc and hydrochloric acid. At tho same time there is 
formed a largo quantity of benzpinacone, whence it would appear that pinacones are 
intermediate products of the convprsion of ketones into pinacolins. 

o-Benzpinacolin may be obtained pure by treating an alcoholic solution of diphenyl 
ketone with zinc and diluto sulphuric acid, and heating the product, which is a mix- 
ture of tho pinacolin and pinacone, to 190°-200°, whereby tho pinacone is resolved 
into bonzophonono and benzliydrol, which may be removed by ligroi’n, leaving tho 
a-pinacolin to bo further purified by crystallisation from alcohol. Thus prepared, it 
crystallises in tufts of needles which melt at 204°-204*5° ; it dissolves sparingly in 
cold alcohol and ghicial acetic acid, more easily when heated. Benzeno, chloroform, 
&c., dissolve it easily ; ether, however, only slightly. When a-bonzpinacolin is heated 
with acetyl chloride, aqueous hydrochloric acid, or alcohol and sulphuric acid, it 
passes into the /3-modification ; oxidised by a solution of chromic anhydride in acetic 
acid, it is resolved into benzuphonone and benzoic acid. 

o-Benzpinacolin is identical with tho tetraphenyl-ethyleno oxide which Behr 
obtained by oxidation of totraphenyl-ethylene (vii. 1150). This mode of formation, 
however, is not conclusive as to the constitution of the pinacolin, and does not deter- 
mine whether it is an inner anhydride or an ether of benzophenone ; neither are the 
products obtained on heating o-benzpinacolin with soda-lime more conclusive as to its 
constitution. Tho chief product is a hydrocarbon mixed with, benzophenone and 
benzoic acid. This hydrocarbon has the empirical formula C'®1I‘®, and crystallises 
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from hot alcohol or glacial acetic acid in well-formed colourless crystals, which 
melt at 243®-244°, and at the same time turn yellow. Benzene, toluene, carbon 
bisulphide, and chloroform dissolve it easily, whilst it is loss easily soluble in ether, 
ligroi’n, cold alcohol, or glacial acetic acid. Its solutions show a beautiful blue 
fluorescence, which is destroyed by picric acid. The properties of this hydrocarbon 
show plainly that it is not identical with tctraphenyl-ethylene, of which however it 
may be a polymeride. The determination of its molecular formula would throw great 
light on the constitution of o-beiizpinacolin. 

The resolution of benzpinacone into benzophenone and benzhydrol, which takes 
place in tlie preparation of the a-pinacolin, is accompanied by formation of water and 
of a body isomeric with the pinacolin : 

C'UI'"0 + + C“H20O. 

This body forms beautiful colourless crystals, melts at 107°-108°, and is identical 
with that which Linnemann obtained by the action of heat on benzhydrol. Linne- 
. mann represented it by the formula (C®1I*)"C1J.0.CT1(C®H“)''*, regarding it as 
ether of bcnhydrol. Thbrner a. Zincke, how'ever, observe that it is formed by the 
action of hoiit on benzpinacone more easily than benzhydrol, which is in the first 
instance resolved into diplKMiylmothano and benzophenone: 

+ + 11*0. Hence it appears most probable that this body is not an ether of 

benhydrol, but that it is more nearly related to the a-pinacolin. 

(C“1P)*C.0().C®II®, melts at 178°-179°. It yields by oxidation 
benzoic acid and triphonylcarlunol, (C®1P)*G.()II, but no triphonyiacetic at;id, and 
therefore differs in its behaviour from the pinacolins of the fatty series. When heated 
to 300° with soda-lime, it yields benzoic acid and triphcnylmetlmne : 

(C«H»)®C.CO.G«Hs -h NaOIl (C«IH)*CTI + C*H®.COONa. 

By reduction with hydriodic acid and phosphorus, it yields a hydrocarbon, C*®!!**, 
presumably tetraplienylethano or triplionylbonzylmcthane, (C*H*)®C — Oil*— * 
This hydrocarbon is soluble in benzene, chloroform, carbon bisulphide, hot alcohol, 
and acetic acid, sparingly in ether, and crystallises from benzene in brilliant 
rhombic tables, wdiich speedily turn opaque and fall to powder in the air. It crystal- 
lises from alcohol in beautiful long white prisms, which melt at 206°-200°, and 
sublime in small needles at a higher temperature (Thbrner a. Zincke). 

Tolylpbenyl pinacane, is formed from tolylphenyl ketone (p. 1154) 

in the same manner as benzpinacone from diphenyl ketone ; it exhibits the same rela- 
tions to solvents as the latter, but frequently do)e8 not separate from the alcoholic 
solution till after great concentration, and tlien crystallises in indistinct microscopic 
needles molting at 164°-1G5°. Like beuzpiu.acoiie, it is resolved by heating and by 
the action of alcoholic potash into tolylphenyl ketone and tolylphenyl hydrol, the 
latter of which has been obtained only in the liquid state: C‘*TI*®0* = C**11**0 
+ C*^H“0. By oxidation the pinacone is converted into tolylphenyl ketone. 

Tolylphenyl pinacone, like benzpinacone, is converted by all etherifying agents — 
including zinc-chloride -into tolylphenyl pinacolins, and for the most part into 
the j3-modificatioii, which is Ihc nioro stable of the tw'o. The a-pinacolin is most easily 
obtained by mixing the alcoholic solution of the pinacone with a small quantity of 
hydrochloric acid, and leaving the mixture to itself for a^hilo at ordinary temperatures 
(Thbrner a. Zincke, Ber. x. 147-4). See further, p. 1155. 

PZirS. Experiments by Fliche a. Grandeau (Ann. Chim. Pkys. [4], xxix. 383 ; 
Chem. Soc. J. xxvii. 382) on the growth of the cluster pine (Pinus Pinaster) on 
different soils, show that this tree docs not flourish on calcareous soils containing but 
a small proportion of potash. The ash of a twig of the plant with bark and leaves 
grown on such soil was found to bo very poor in potash. 

Experiments by the same chemists (Ann. Chim. Pkys. [5], xi. 224) on the leaves 
of Pinus laricio ausiriaea yielded the following results : (1). From the opening of the 
bud to the fall of the leaf, the leaves of coniferous plants become continually richer in 
dry substance. (2). During the same time they lose part of their nitrogen, wliieh is 
reabsorbed, while the proportion of ash increases. (3). The proportion of phosphoric 
acid, sulphuric acid, and potash in the ash diminishes. (4). The proportion of lime, 
iron, and silica increases. (6). For the proportion of magnesia and soda, no rule can 
be laid down. (6). Assimilation in coniferous leaves is very rapid in the first year, 
slackens at the beginning of the second, tind afterwards ceases almost entirely. 
(7). The composition of the soil has a decided influence on the quality and quantity 
of coniferous leaves, this influence being, however, comparatively less when external 
conditions are favourable to growth. (8). Coniferous Igaves have approximately the 
same composition as those of leafy trees, but they are always somewhat richer 
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in total amount of dry substance, poorer^n nitrogen, and considerably poorer in ash, 

■ which, moreover, differs in composition from that of leafy trees. The removal of 
fallen leaves is injurious to the growth of coniferous forests. (9). For forest cultiva- 
tion on poor soils, conifers are to bo preferred lo other trees ; and for planting on a 
calcareous soil in a climate whore only conifers will grow, Piuus austriaca is the best 
of all. 

PXITBY TAXiBOW. This tallow, obtained by l)oiling the fruits of Vateria 
indica (from Malabar) with water, forms a yellow-green mass having a density of 
0*91, melting at 30®, and consisting of a mixture of 76 per cent, palmitic acid and 
25 per cent, oleic acid. It may be bleached by boiling with a solution of nitre mixed 
with sulphuric acid, or by exposure to air and light. Candles made of it burn better 
than common tallow candles, and do not give off any odour when blown out (Gl. Dal- 
Sie, G((Z3, chim, ited.. viii. 107). 

PXITX, The ash of the garden pink, Dianthus CaryophylluSt has been analysed by 
R. Andreasch {J. pr. Chein. [2], xviii. 204) with the following results : 


K'^O . 


Rootn 
. 23-33 

Stalks 

23-00 

Leaves 

35-61 

Flowers 

49-41 

Na=0 


. 0-85 

— 

— 

— 

CaO 


. 45-26 

45-16 

27*69 

5-85 

MgO 


. 4-13 

5-48 

8-27 

3*68 

Fo-'O® 


. 3-83 

7-95 

6-42 

7-19 

Mii®0® . 


, — 

— 

— 

traces 

AFO® 


. 2-56 

traces 

■ 

— 



. 11-22 

10-25 

10-94 

14-84 

SO® . 


. 2-59 

6-46 

4-59 

4-04 

SiO® . 


. 5-34 

. 0-61 

3-71 

4-25 

NaCl 


. 0*59 

0-44 

0-71 

2-35 

KOI. 


. 

0-65 

2-16 

8-39 



10000 

100-00 

100-00 

100-00 

Percentage of ash , 

. 5-04 

6-26 

4-44 

5-59 


PXKOZiZTZ!. ■ »Sgc Magnrsitm (p. 1244: further Min. Mitth. 1874, 281; 
Jahresb.f. Chem. 1874, 1314). 

PZPBRZC ACZB, The constitution of this acid has been studied by 

Fittig a. Mielk (Luhiy's Annalen, clxxii. 134). Piperonylic acid, the product 

of oxidation of piperic acid, having been shown by former experiments (vii. 983) to 

have the constitution represented by the formula CII*<^Q^C®H®.CGOiI, it appeared 

probable that piperic acid might be represented by 0I1 ‘<^q^C®H’.C*I 1®0®, the group 

being the residue of an acid belonging to the sorbic acid series, and resolvable 
into — CH=:CH — CH~CH — COOH ; and those suppositions have been verified by 
the more exact investigation of the products obtained by the action of bromine on 
piperic and hydropiperic acids. 

Action of Bromine on Piperic (wid . — When 1 mol. finely divided piperic acid is 
suspended in anhydrous carljon sulphide cooled by ice, and 2 mols. bromine are 
gradually added, a crystallogranular powder is formed, consisting of the tetraimmide 
of piperic (widt or tetrahrompiperhydronic (wid, C'*H*®O^Br ', or 

CH»<;y>C«H’.CHBr.CnBr.CHBr.CEBr.COOH. 

This acid, when heated to 160®-165®, decomposes with somewhat violent evolution of 
gas, and melts to a brown viscid liquid. It dissolves readily in cold other or alcohol, 
but cannot be recrystallised from the resulting solutions, as it is at the same time 
partly converted into an amorphous viscid mass, probably an ether or a decomposition- 
product of the tetrabrorainatod acid. On treating this acid with cold dilute soda-ley, 
or boiling it with sodium carbonate, the whole of the bromine is removed as sodium 
bromide, and piporonal, C*H®0*, is formed, which may be obtained in considerable 
quantity by wanning or agitating the proiluct with ether. When, on the other hand, 
the tetrabromo-compouud is boiled with water, it is converted into an oil which solidifies 
on cooling, and on repeated crystallisation from dilute alcohol, yields colourless shin- 
ing prisms slightly soluble in cold alcohol and molting at 136®. This compound, 
which Fittig a. Mielk formerly obtained by the successive action of bromine and 
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sodium carbonate (vi. 946), is likewise produced by treating the tetrabrominated 
acid with a cold solution of sodium carbonate. Its composition is represented by the 
formula C**H*B^*0^ which might be that of a dibromopiperic acid. Nevertheless, 
the compound in question is not an acid, since it is quite insoluble in aqueous sodium 
carbonate, and is not immediately altered by potash-ley, oven when somewhat con- 
centrated. It is rather to be regarded as an anhydride analogous to lactide, and 
represented by the formula : 

CH»<^CH*.CHBr.CHBp.CH= 

or CH*<3!>C*H*CflBrCH=:CBp.CH^y 

and may be desi^ated as dibromopiperide. When heated with soda-ley or boiled 
for some time with sodium carbonate, it is completely resolved into piperonal and 
hydrobromic acid, but when subjected to the regulated action of sodium carbonate, it 
yields an intermediate product, bromhydroxypiperide, 

C“H*BpO‘ =. CH*<^>C*H>.CHBp.Cfl(OH).eH=C 

or CH*<;;^0 ‘H*CHBp.CH=C(OH).OH 

which, after filtration from a small quantity of the unaltered dibrorao-compound, and 
removal, by agitation with ether, of the piperonal — which is always formed at the 
same time by complete decomposition of another portion of the latter— remains dis- 
solved in the alkaline liquid. This liquid, when acidulated, deposits at first a small 
quantity of a brown amorphous precipitate which must be quickly separated by filtration, 
and the filtrate gradually deposits the bromhydroxypiperide in small crysUls ; it may 
also be dissolved out of tho alkaline solution by agitation with ether. It is contained 
in the alkaline liquid in the form of a sodium salt-; 

CH<0>C-H».CHBr.CH(OH).CH=C<gJojj^ 

or CH»<^C«H*.OHBr.CH=C(OH).CH<;°^Qjj^ 

the acid of which, however, when set free by sulphuric acid, immediately changes 
into the corresponding anhydride, viz. bromhydroxypiperide. This compound is but 
sparingly soluble in hot and nearly insoluble in cold water, very easily soluble in hot 
alcohol, less easily in cold alcohol and in ether, requiring 100 pts. of tho latter at 10® 
to dissolve it. Tho crystals, according to measurements by Keusch, belong to the 
monodinic system, and exhibit the combination ooP.ooPoo.OP.l^oo. — JP, with 
tabular development in the direction of the clinopinacoiil. Axial ratio a'.h'.c^ 
0‘8()05 : 1 ! 1*1954. Anglo ac= 119® 16'. The plane of tho optic axes coincides 
with the plane of symmetry. In its chemical relations, bromhydroxypiperide agrees 
almost exactly with dibromopiporide ; it has no acid properties, but is gradually 
decomposed by alkalis, with reddening and formation of piperonal. 

When piperic acid is treated with an ethereal 'iolution of bromine, and tho prcjduct 
is shaken up with aqueous sodium carlxjnate, small colourless nacreous laminm 
separate, which were formerly supposed to have tho composition C®H*Br*0® (vi. 936), 
but have been shown by later experiments to consist of the sodium salt, 
C^*H*Br^NaO* + 1 JH'^0, of an acid, which may be regarded as a derivative 

of the saturated compound, (piporhydronic acid), and named tetraf)rom~ 

hydroxypiperhydronic dcid. This acid, separated from the solution of the sodium salt 
by hydrochloric acid, is almost insoluble in water, crystallises from dilute alcohol 
in small transparent crystals, begins to decompose at a temperature above 100®, and 
melts with violent decomposition at 155®. When drenched with aqueous sodium 
carbonate, it is instantly convertofl into the sparingly soluble sodium salt, but turns 
yellow after prolonged contact, and decomposes on boiling, with formation of mono- 
bromopiperonal. Tne calcium salt, (C^*H®Bp*0*)*0a + 2H*0, separates on adding 
c.alcium chloride to a dilute solution of the sodium salt, in small white shining spar- 
ingly soluble laminae. Tho barium salt, (C**H®BrO*)*Ba+ 311*0, resembles the sodium 
salt, but is still loss soluble. Both these salts become anhydrous at 90®. 

By subjecting totrabromhydroxypiperonic acid to the regulated action of sodium 
carbonate (as in the preparation of bromhydroxypiperide from dibromopiperido, 
p. 1631), it is possible to obtain a compound intermediate between that acid and its 
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ultimate product of decomposition, monobromopiperonal. This compoiiud, dibrovi'- 
hydroxy'piperide, separates from the ether^l solution on spontaneous 

evaporation, in largo well-defined prisms; it is but slightly soluble in water, more 
soluble in alcohol and ether. It is not an acid, and is not attacked by solution of 
sodium carbonate at ortliiiary temporaturos, but is converted thereby on heating into 
inonobromopiperonal. . - 

Tetrabromhydroxypiperliydronic acid ina^ bo derived from the tetrabromide of a 

bromopiperic acid, CH‘‘*^Q^C'*H'*Br.C*II^Bp*.COOH, and its constitution may bo 
represontod either by the formula 

Br.CH(OH).CH Br.CHBr.COOH, 
or l.y CH*<Q>C*H*Br.CUBr.CHBr.Off(OH).CnBr.COOH; 


and that of dibromhydroxypiperide by either of the corresponding formnlio 


Cn*<;^C*H-Br.CllBr.CH(OH).CH 



or 


CH*<^>C*iPBr.CHBr.CH 



Monobromopiperonal, heated with potassium permanganate, is converted into 
monobromopiperonylic acid, C"H*BrO^ which crystallises well, melts at 204°- 
206°, and sublimes without decomposition. 

Action of Bromine on Hydropiperic avid, This acid, treated with bromine 

in the manner described for the preparation of tetrabromopipcrhydronic acid from 
pipepic acid (p. 1 63 1 ), is converted into dibromopiperhydronicacid, C'^H'-^Br’D », 
which is insoluble in water, sparingly soluble in carbon sulphide, easily in ether, and 
separates therefrom in small colourless crystals, melting at 135°-136°. It decom- 
poses at about 160°, and sulFers partial decomposition on solution in warm alcohol ; 
dissolves e«T,sily and without decomposition in cold aqueous sodium carbonate, but is 
decomposed on boiling therewith, without, however, yielding piporonal. When heated 
with caustic soda- solution, it does not yield either piperonal or any other volatile 
body, but the solution when evaporated deposits sodium piperate. From this reaction 
of the dibrominatod acid— which is analogous to that of the corresponding brominated 
acids of the acrylic series— it follows that liydropiperic acid has the constitution 

represented by the formula CH2<^^C«JI*.CII2 CH2.Cir=CH.COOII, the socond pos- 
sible formula being excluded by the non-production of piporonal by the action of 
alkalis on this acid— which is inconsistent with the attachment of bromine to the 
CH-group directly connected with the benzene-nucleus. This formula is, moreover, 
in ac^-ordance with the action of melting potash on hydropiporic acid, whereby proto- 
c;itechuic and acetic acids are produced, but no butyric acid. In this reaction, a 
dihydroxyphenylpropionic acid, C“R=’(01I)*.CI1*.0H2.C00H, is perhaps first formed, 
and afterwards resolved, like similar acids under the influence of potash, into the two 
acids above mentioned. 

PZPSRXDXXrSi C*Tl"N. This' ‘base is formed, together with pyrethric acid, by 
the action of alcoholic potash on pyrethrin, a crystalline substance obtained from 
Radix Pyretkri (R. Buchheim, N, Rep, Pharm. xxv. 336). 

Piperidine is not decomposed by fuming hydrochloric acid at 300°. Its hydro- 
chloride combines directly with bromine to form a crystalline addition-product, which 
rapidly decomposes even at the ordinary temperature. On heating this bromine- 
compound, or a mixture of bromine and piperidine hydrochloride, in sealed tubes at 
200^ hydrobromic acid and a small quantity of bromoform are produced, and on the 
addition of water to the contents of the tubes, a substance having the composition 
C*H®Br*NO separsites out in crystalline plates. The crystals are almost insoluble in 
cold water and ether; they dissolve in ammonia or soda-solution, but are reprecipitated 
by dilute acids. They are decomposed by heat without melting. When platinic 
chloride is added to a solution of this substance in strong hydrochloric .acid, the 
platinochloride, 2(C*H®Br2NO.ltCl)PtCP, is "deposited in long needles, which are 
decomposed by water. The silwr salt, C*H*AgBr*NO, is a sparingly soluble crj^stal- 
line powder; the methylw ether, C»H“(ClP)Br‘'NO, crystallises in white needles, 
which melt at 192°. 

The existence of those compounds seems to indicate the presence of a hydroxyl- 
VoL. VIII, 5 N 
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j;roup in the piperidine derivatives, e.g» C*H*Bp®(OH)N ; C*H*Br*(OAg)N (A. W. 
Hofmann, Bet, xii. 984). 

PXPlSRXDTXi-a.AULmirB or PXPS&XDT&.a-PBOPXONXC ACXB, 

C*H*^NO* = CH* — CH~N — G'H*® — COOH, is prepared by digesting ethyl a-chloro- 
propionate for twenty-four hours at 100° in a sealwi tube with excess of anhydrous 
piperidine. The product, consisting of piperidyl-a-alaniiie and piperidine hydrochloride, 
is boiled with barium hydrate to remove the piperidine, the barium is preeipitate*d by 
sulphuric acid, and this acid by lead hydrate. The filtrate, when evaporated, leaves 
pip(‘ridyI-a-al;inino, which crystallises from w'ater and alcohol in prisms, and is pre- 
cipitated from its alcoholic solution by ether, as a white syrupy mass convertible by 
trituration into a granular powder. It is tasteless and scentless, has a neutral 
reaction, and forms crystallisablc salts both with bases and with acids. It does not 
form a stable compound wdth platinic chloride, but on mixing its aqueous solution 
with auric chhrule, evaporating, dissolving the residue in alcohol, and evaporating the 
solvent, after filtration from separated gold, an aurochloride is obtained in stellate 
groups of needles, very soluble in water, less soluble in ether, insoluble in chloroform, 
lly the influence of light and heat, it is partially decomposed, with separation of gold 
(./. Briihl, Tier. ix. 34). 

PXPXiRXlirXIy For the extraction of this alkaloid from pepper, and 

its estimation, the following method is recommended by L. Cazeneuve a. Caillot {Bull. 
Boc, Chim. f'2], xxvii. 290). Ground pepper is trcatwl with twice its weight of slaked 
lime and a sufficient quantity of water, the whole being heated to boiling for a quarter 
of an hour. The solution is then evapomted to dryness on the water-bath, and the 
powder exliausted with commercial ether, from which the piporiiie can be obtained 
nearly pure on evaporation in largo crystals of a faint straw-yellow colour. To obtain 
it perfectly pure, it must be dissolved in alcohol and recrystallised. The crystals 
obtained from the other are, however, quite pure enough for determining 
the amount of alkaloid in the pepper. For this purpose, it is best to opersto on 
10 grams of pepper, and dry the piperinc obtained from the ether solution at 100 : 
Sumatra pepper .... gave 8*1 per cent piperine (moan) 

Black Singapore do. . . . „ 7*15 „ „ „ 

White do. do 9'15 ,, „ „ 

Penang do. do 6'24 ,, „ „ 

The superior richness of the white Singapore pepper in piperine is duo to the 
absence of the inactive pericarp. 

On the estimation of Piperine, see also Plant-bases. 

PXPSROXVAB. On the formation of this aldehyde from tetrabrompiperhydronic 
acid, see Pipkric Acid (p. 1631). 

The vapour-density of piperonal has been found by W. Knocht (Tfcr. x. 1274) to 
bo fi‘181, agreeing nearly wut h the formula C'‘H®0* which requires 5’20. 

PXPBRORTXiXC ACXD, C»1I«0'-CIT'’<^[^^C®H®— COOII. Methylm-pr.yfo- 

eatechuic acid (p. 291). — This acid is a con.stiliiont of Coto-bark (p. 573). To obtain 
it therefrom, the bark, previously extracted with ether, is digested with milk of lime; 
the alkaline solution is acidified with hydnichloric acid, and agitated with ether ; and 
the residue obtained on evaporating the ethereal solution is dissolved in hot alcohol, 
which on cooling deposits the piperoiiylic acid..'i8 a white crystalline powder, melting 
at 229”, and beginning to sublime at 210°. Piperonylic acid dissolves in cold con- 
centrated sulphuric acid, forming a yellow solution, which rapidly turns brown, and 
finally black, no gJis being evolved during the process. Water produces in the yellow 
solution a yellow, and in the black solution a black precipitate, the filtrate in each 
case containing protocatechuic acid. 

Mielch a. Fittig, by oxidising piperonylic acid with nitric acid, obtained oxalic an<l 
carbonic acids ; but when concentrated nitric acid is allowed to act on the acid for a 
few minutes only, a mixture of nitropiperonylic acid and methyl on e-mononit ro- 
catechol is fi^rmwl. When piperonylic acid is added in small quantities to fuming 
nitric acid cooled to 0°, carbon dioxide is given off, and methyl eriedinitrocatechol 
is produced. In each case the nitro-products are precipitated from the acid mixture 
by the addition of caustic soda. 

Nitrdpiperonylic QV MethyUnc-uitroprfitocaiechuic acid, C*i[®(N02)0\ crystallises in 
yellow scales (m. p. 172°), which dissolve easily in water, and on the addition of 
caustic soda or potash to the aqueous solution, a yellow coloration is produced which 
turns blood-red on boiling. With ferric chloride no change is produced. This acid 
is monobasic ; it forms well -crystallised salts, which bum vigorously when ignited 
(Jobst a. Hesse, Bcr. xi. 1031). 
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PZTTACAXi. See PYK()GAM.t>L. 

PZVAUC ACXD,C;sH'«0-= C(CH»)».C00ir. See Pkntoic Acids (p. 1 TiOl). 

PZiAOZOC&ASB. Triclinic Fblspar. See Felspar (pp. 770-776). The granular 
plagioclase, occurring in the limestone strata of (^eppersdorf near Strohlen, in Silesia, 
has been described and analysed by K. Schumacher (Jahrb.f. Min, 1878, 814 ; Chem. 
Soc. J. xxxvi. 903). 

PBAITT-BASSS. The following method for the estimation and separation of 
plant-bases or vegeto-alkaloids, differing in several points from the well-known Slaa- 
Otto method (i. 125), is given by Dragendorff (I^harm. J. Trans. [3], vii. 24). 1. Tho 
substances under examination are exhausted with water, and a small quantity of 
sulphuric acid (instead of tartaric acid and alcohol) ; the resulting solution is partly 
neutralised with magnesia and evaporated ; and tho syrupy residue is treated with 
alcohol mixed with dilute sulphuric acid. The alcoholic filtrate is freed from alcohol 
by distillation, and the aqueous residue is filtered, with midition of water if necessary, 
and shaken up at 40° with petroleum* ether, which takes pipvrinc, to bo recogniseil 
by its reaction with strong sulphuric acid (blood -rod coloration disappearing on 
addition of w'ater, iv. 658). 

2. The remaining aqueous solution is nearly neutralised with magnesia or ammonia 
and ngilatcd with benzene, which takes up caffeine^ delphinine^ colchicine, cnhlmie, 
digitalin [which is not an alkaloid], and traces of veratrine, physostigmine, and 
berkrine. Among these bodies, aiffeine may be recognised by its reaction with 
chlorine -water and ammonia (or hydrochloric acid and potassium chlorate), giving tho 
colour of murexid ; digitalin by the red colour of its solution in strong sulphuric acid, 
changing to yellow or greenish on dilution with water (ii. 329 ; vi. 540) ; veratrine 
by the yellow colour which it gives with sulphuric acid, changing to criinsoji and 
ultimately to violet (v. 996). Solutions of colchicine and bcTberine have on evapor.!- 
ti(Wi ypllow residues, the former dissolving in strong sulphuric ucid with dark yellow, 
the hittijr with olive-green colour, disappearing on evaporation, and leaving the lifpiid 
colourless. Colchicine and berberino may also be distinguished by their reaction 
with iodine, colchicine yielding wdth tincture of iodine a kermes-brown precipitate 
(i. 1081), while an alcoholic solution of a berberino salt, mixed with a dilute solution 
of iodine in potassium iodide, avoiding excess of iodine, deposits green spangles of 
a polarising salt rcscudding sulphate of iodoquininc (vi. 340). Dtdphinino is coloured 
light brown by sulphuric acid. Physostigmino is not coloured by sulphuric acid 
but may be recognised by the contraction of tho pupil which it produces. 

3. Tho slightly acid liquid is then shaken up witli amyl alcohol, which takes up 
theobromine, as w'ell as traces of narcotine., aconitine, and atropine [theobromine may 
bo recognised by its property of gradually dissolving in water with yellowish colour, 
chunging to blue ou addition of ammonia; also by dissolving without cclonr in strong 
sulphuric acid] ; and the residual aqueous liquid is treated with chloroform, wliit li 
takes up from papaverine and thebaine, together with small quantities of nanrine, 
hrncinc, phy.sostigmhie, herherinc, veratrine, and narcotine. Papaverine is rccogniscfl 
by tho blue-violet colour which it gives W'ith strong sulphuric acid ; theUiino by tlio 
red colour wdiicli it gives with the same reagent. 

4. The liquid separated frc»m tho chloroform extracts, instead of l)<‘ing made 

alkaline with soda-ley to separate morphine (as in the Stas-Otto method), is treated 
for that purpose with ammonia, whiclt«is added to it under a layer of petroleum-ethor 
at 40°, the vessel being shaken immediately after tho liquid has become alkaline. 
The petroleum* other then dissolves strychnine, brucine, quinine, emetine, veratrine, 
canine, nicotine, and Nicotine and conine may be dissolved out by warer, 

and from the aqueous solution, after neutralisation with sulphuric acid, nicotine is 
{•rccipitated by potassio-cadmic iodide in small crystals, conine in the amorphous 
state ; the other bases, freed from petroleum ether and dried, are treated with ether, 
which takes up quinine, emetine, papaverine, and veratrine. From this mixture, the 
veratrine may bo separated by dissolving tho wdiole in the smallest possible quantity 
of dilute sulphuric acid, and precipitating with sodium c,arlx)nate, whereby only 
quinine, emetine, and papaverine are rcprocipitated. Strychnine jind brucine may be 
separated by mtians of alcohol, in which strychnine is nearly insoluble. Emetine is 
recognised by its action on the organism, tho other alkaloids by known reactions. 

6. The alkaline aqueous solution is next tr,pated at 40°-50° with benzene, whereby 
quinine, cinghonine, atropine^ hyoscyamine, aconitine., physo.Higminey and codeine are 
removei Cinchonine remains behind on evaporating the solution of these bodies to 
dryness, and exhausting the residue with ether ; on evaporating the ethereal extract, 
dissolving the residue in very dilute sulphuric acid, and mixing the solution with a 
slight excess of ammonia, quinine and aconitine are precipitated, whilst atropine, 

6 N 2 
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hyosc^amine, and codeine remain in solution. Aconitine and quinine are separate 
by dissolving them in a very small quantity of hydrochloric acid, and adding platinic 
ciiloridop which throws down the quinine ; and from the flemaining solution, after 
removal of the platinum by hydrogen sulphide, the aconitine may be dissolved out by 
chloroform. Afropiue may be distinguished from hyoscyamine, which it resembles in 
its action on the pupil, by the odour which it emits when heated with potassium- 
dichromate and sulphuric acid. ' „ , 

6. The bases which may still be present in the alkaline aqueous residue are 
morphine^ solaniuef curarine, and a small quantity of narceine, together with traces of 
bfrbcrme. From this mixture, morphine and solanine, together with a small quantity 
of narceine, may be separated by acidulating with sulphuric acid, heating to 50°-4o®, 
covering the surface of the liquid with a layer of amyl alcohol, then adding excess of 
ammonia and agitating. The morphine then crystallises out from the amyl-alcoholic 
solution, and the solanine gelatinises as the liquid cools. Curarine, with traces of 
borberine and the remainder of the narceine, is separated from tlie last aqueous liquid 
by evaporating to dryness with pounded glass, digesting with alcohol, and evaporating, 
this trejitmcnt being repeated if necessary. Curarine is characterised by being for 
the most part an amorphous mass, and by giving with sulphuric acid alone a fine blue 
colour (ii. 186), and with sulphuric acid and potassium dichromate a violet colour 
like that produced by strychnine (v. 440). 

On the distinguishing reactions of Plant-bases, see also Selmi (p. 55 of this volume), 
P&iiirT-COXiOirRS. The following observalJions by U. C. Sorb'y {Proc, Roy. 
Soc. xxi. 442) relate to those vegetable colouring matters, soluble in carbon sulphide 
and in non-volatile oils, which appear to be of the greatest importance to the life of 
plants. They are divided into seven groups, according to their origin, mode of 
occurrence, and spectroscopic appearances. Of these, the most important and most 
widely diffused is : (1). The chlorophyll-group, consisting of three substances, 
soluble in carbon sulphide, insoluble in water, exhibiting absorption at both end^ of 
the spectrum, and distinct absorption-bands in the rod, the strongest of which is 
related to the red fluorescence : decomposed more or less easily by acids into now 
products, the spectra of whicli are analogous to, but quite distinct from, those of the 
respective substances in their natural state ; very quickly decomposed by direct sun- 
light in contact w'ith the air. Those three substances arc : a. lilue chlorophyll, the 
most widely diffused of all plant-colours ; it has a blue-green colour and three strong 
absorption-bands in the red, the least refrangible being the strorgest of the three. 
The absorption at the blue end consists essentially of a broad black band betw'een the 
blue and the violet, which can bo seen only in a moderately pure solution, with very 
clear daylight, b. Yellow chlorophyll, which cannot be isolated, but is easily recognis- 
able .in association with the preceding. Its solution in benzene exhibits in the rod an 
absorption-band somewhat farther from the red end than the principal band of bliie 
chlorophyll, and a second much fainter in the orange ; there is alscfa broad and strong 
hand in the middle of the blue, the whole of the blue being absorbed. With alcohol 
as a solvent, the absorption-bands of all these three bodies are shifted towards the 
more refrangible end of the spectrum, and the first band of yellow chlorophyll becomes 
broader, so that in mixtures it becomes confounded with that of the blue chlorophyll, 
c. Chlorofucin, occurring in frosh-water Algae, may be obtained in the pure state and 
of a yellow-green colour. Its spectrum .shows twadark absorption-bands, one between 
the red and orange, another between the orange and yellow. The wliolo of the green 
is transmitted, but the whole of the blue is cut off, and when the solution is dilute, 
a broad and somewhat obscure band may be seen by very clear daylight in the centre 
of the blue. The fluorescence-spectra of these three substances are distinguished from 
one another still more clearly than the absorption-spectra, by a greater difference in 
the positions of the narrow bright red bands. The tliree members of the chlorophyll- 
group are decomposed with grejiter or loss facility by acids, each giving rise to a 
different product, so that, though they have many generic properties in^ common, 
they must be regarded as well-marked species, and not in any way as mere ijpcidontal 
modifications of the same substance. \ f,- 

2. The Xanthophyll-group comprises a large number of sukjitanceB, the 
following six of which are commonly met with in leaves or fronds or in^ They 

all exhibit two conspicuous absorption -bands in the green or blue, bey oaid' which the 
spectrum becomes very faint; with slcohol as a solvent, these banda^i^e ajiafted 
further towards the violet. The band^ are not immediately altered bjy mak acids or 
alkalis ; hydrochloric acid slowly decolorises the alcoholic solution. 
it more re^ily in proportion as the absorption- bands are more shifts t^we|ds the 
red end. The substances a to arc so arranged that the two absorption-bands' in 
each one are .shifted towards the violet end more than those in the one immediately 
preceding; in the first they are situated in the green ; in the fifth at the green end 
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of the^blue. a. Fhycoxanthin: the solution in carbon sulphide has a fine crimson 
colour, the alcoholic solution is yellow, b. Peeizaxanthin : orange-yellow, obtained 
from Pezisa aurantia. c. Orange Xanihopkyll: a very widely diffiised colouring 
matter ; the solution in carbon sulphide has a faint reddish orange colour, d. True 
Xanthophyll : faint orange-yellow, o. Yellow Xanthophyll : obtained especially from 
yellow flowers ; the solution in carbon sulphide is lemon-yellow, f. Fucoxantkin : 
the chief colouring matter of tHe olive-coloured Alg» ; its solution in carbon sulphide 
has an amber colour ; the spectrum is intermediate between those of c and d ; alcohol 
produces much less increase of refrangibility in the bands ; the substiince is also loss 
easily decomposed by light. 

3. Lichnoxanthin-group: spectra without bands, but with more loss extended 
absorption of the blue end ; much less affected by light and by acids than the two 
preceding groups : a. Orange Lichnoxanthin: the absorption extends over the blue 
and green, and shades off as far as the yellow, b. True Lichnoxanthin'. orange- 
yellow ; the absorption ends suddenly in the middle of the green, c. Yellow Lichno- 
xanthin : the absorption docs not extend quite so far into the green. 

4. Phycocyanogen -group : Soluble in water, a. True Phy cocyanogen, 

a distinct absorption-band in tlio orange, and a narrow one in the red, imparting to 
the solution a very intense red fluorescence, b. Crimson Phycocyanogen : the chief 
absorption-band lies between the yellow and green ; a second broad band exciting 
fluorescence in the orange. 

6. Phycoery thrill -group: soluble in water and non-fluorescent ; a. Crimson 
Phycoerythnn has an absorption*band at the yellow end of the green, b. Red Phyco- 
erythrin has an absorption-band at the blue end of the green. 

6. Erythrophyll-group : soluble in water, insoluble in carbon sulphide; these 
bfxlies appear to be not essential constituents of leaves, but merely occasional products. 
Their number is considerable, but the conditions of their existence are as yet but 
little Known; they are but slightly affected hy light. 

7. Chrysotannin-group: jialoyollow aqueous solutions, slowly altered by light ; 
theii? oxidation-products yield tho autumnal yellow of braves. 

Crystallised Chlorophyll. — A. Gautier (in 1877) obtained pure crystallised 
chlorophyll by the following process. The green leaves of spinach and cresses are 
bruised in a mortar, with addition of sodium carbonate, so as to neutralise the acidity 
of the juice, and then pressed ; tlie solid residue is suspended in alcohol of 65°, 
again pressed, and the process is repeated with alcohol of 83°, w^hereby chlorophyll, 
wax, fats, and pigments are dissolved. Tho liquid is then filtercnl, and shaken with 
pure animal charcoal, the green colouring matter being thereby absorbed after several 
days ; I ho charcoal is washed with alcohol of 65°, wdiich removes a yellow crystallis- 
ablo substJince, and then washed with dry ether, or light petroleum, whereupon tho 
chlorophyll dissolves, and is deposited in dark-green cryshils by slow evaporation. 

Chlorophyll thus prepared forms needles about half a centimeter long, of soft 
consistence, and lurning yellowish- or greenish-brown on keeping. Some of tho 
smaller crystals (j-ansmit green light, and some lilac. Tho crystalline form appears 
to be an oblique rhomboidal prism, tho rhombohcdral angle being about 45°. Chloro- 
phyll presents a striking analogy to bilirubin ; it is soluble in tlie same solvents ; it is 
removed from its solutions by snim.'il charcoal, and may be recovered by treat- 
ment with ether or petroleum ; it foriqs salts with bases ; is easily oxidised in presence 
of light; undergoes numerous changes accompanied by alteration of colour; and 
combines directly with nascent hydrogen. When digested with hydrochloric acid, it 
splits up into phylloxan thin, a brown substance, crystallising from ether or hot 
alcohol, and Fr6my*s phyllocyanic acid, an olive-green substance, soluble in 
alcohol and ether, and forming salts with ba.scs. Chlorophyll prepared as above is 
perfectly free from iron (Gautier, Compt. rend. Ixxix. 861). 

A cnrstallised substance, called ‘chlorophylhine.’apparently identical with Gautiers 
cryslall&ed chlorophyll, has lately been obhiincd, together with erytlirophyll, by 
Hopp^Scyler {Ber, xii. 1555) by treating grass-leaves previously freed from wax by 
digestion in^ther, with hot alcohol. The analyses of the two substances by Gautier 
and Hojp^Seylcr give the following results : 

C H N 0 r .Mg Asli 

Cryat. chlorophyll . 73-97 9*80 4 16 10 33 — — 1*75 Gautier 

Chloropb;Aan 0 . 73-4 9*7 5-62 * 9-67 1-37 0*34 - Hoppe 

Declaration of Green Leaves in Bright Sunshine. — Experiments by 
J. Boijdi^ni (Landw, Vers.-St. xxi. 463) show that the green loaves of the scarlet runner, 
whed exposed to bright sunshine, are first bleached, then become brown, and acquire 
a metallic lustre, and finally perish : further, that the underside of the leaf is much 
more sensitive to light than tlie upper. 
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On the Change of Colour of Leaves in Autumn, see Kraus {N. Bep. Pharm. xzii. 
273; Jahresb.f. Ckem. 1873, 842). 

Alteration of the Colour e of Flowers. — D. S. Martin {^Arner. Ch&m. vii. 300) 
observes that the changes in the colours of the petals of certain flowers are in some 
way dependent upon atmospheric moisture. The petals of the dark blue variety of 
IponuBa purpurea turned red in damp air, and when they were exposed to rain, sharply 
defined spots were formed upon them, red at first, but afterwards turning white. 
These changes are attributed by Martin, on the ground of special experiments, to an 
acid substance present in the air. 

Diffusion of Plant-colours.— These colouring matters exhibit considerable 
diversity in their modes of diffusion when the organs containing them are immersed in 
a saturated solution of borax. The dissolved colouring matters diffuse rapidly, a rod 
flower of Antirrhinum mojits becoming in a few days transpiiront and colourless, like 
glass, whereas soliil colouring matters, or those which arc deposited in granular form 
diffuse in a borax solution either very slowly or not at all; the common marigold 
{Calendula ofidnalis) retains tlie yellow colour of its flowers and the green of its 
leaves even when immersed in borax-solution for a year. When dissolved and 
granubirly deposited colouring matters occur together in a plant, they may be separated 
by diffusion ; thus the violet colour of Iberis aniura diffuses quickly, giving place to a 
previously invisible greenish-yellow colour. The petals of Pelarqonium roscum quickly 
lose their red colour by diffusion, and acquire a violet tint due to a granular colouring 
matter. The rod leaves of a variety of Atripkx kortensis, which, according to Saussure’s 
observations, give off oxygen like gi'eeii leaves, also contain chlorophyll, the presence 
of which may be demonstrated by a diffusion experiment. The F'loridea Wwise 
contain chlorophyll m addition to a red colouring matter which diffuses easily in 
borax-solution The one-celled alga, whether green or red, contain only gramilar 
colouring matters; the Dmimnacea contain an easily diffusible yellow colouring 
matter, together with chlorophyll. The roots of a fresh plant of LemU 

dipped uitx) the juice of Phytolacca decandra did not take up any of the colouring 
matter of that plant, but the colouring matter of a drop of fresh blood was readily 
absorbed by a leaf of Drosera rotnndifolia (J. B. hiclinetzler, N. Arch. ph. nut. lx. 388) 


ha The mucilage of qnince-pips, linseed and fleabane seed, 

has been examined by Kirchiier a. lollens {Liebifs Annalen, clxxv. 205). To obtain 
It, the material was digested with water for four hours ; the viscid mucilage thereby 
obtained was passed through a hair.sieve,t^^^ hoWed, filtered through linen, concen- 
trated by evaporation, acidulated, and precipitated with strong alcohol; and the 
successively treated with acidulated and with pure alcohol, then 
repeatedly with ether, and finally dried over sulphuric acid 

Qmnce-mu^ilage thus prepared is greyish-white and swells up. when soaked in 
forming a mucilaginous solution only on the addition of a 
^ potapum hydrate It still contains 4 to 5 per cent, of mineral 
matter and on analysis gives numbers corresponding with the formula 
When it IS boiled with dilute sulphuric acid, white flocks are precipitated, and sugar 
onantiT pr^ucecl. From the results of numerous carefully conducted 

quantitative expenments, it would .seem that the flocculent precipitate of cellulose is 
nearly constant after the first half-hour, however long the boiling may be continued ; 

Sr^^^lly decreases whilst that of the sugar increased 
the conversion of the former into the lattel The gum 
18 optically dextrogyrate; the sugar, which reduces cupric solution, is dextrogvrate. 

mpumy nmilai to the compound found in fir-urood by J. Erdmim (ibid. Suppl. 

8»ve numbete correepond 

»^Ti ..*^1 P‘, or the Mme as that of cellulose. When boiled 

jith dilute sulphuric acid, it derampMes like quince mucilage, but with much greater 

f "f ‘T ' “d th® former being gradually convert into 

the latter by long-continued boiling. The insoluble residue is very mimh smaller than 
With quince mucilage, being only about 4 per cent. ^ 

C«H“0». Boiled with acids, it decomposes 
'"*®'lago8, yielding ^m and sugar, but in this instance, by lonm^n- 
tinued boiling, the gum is comply converted into dextrorotatory sugar. ® 

’• th'd'foqufoeo mucilnge the cellulose exists in 
combination with the gum, since no cellulose can be distiiiguiehed as such by micro- 
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Bcupical oumination ; and as the two substances exist in the ratio 1 : 2, it is most 
probably a true chemical compound : — 

+ 2C*H'«0* « + H‘0. 

Cellulose. Gum. JVIueilage. 

It has yet to be determined whether the other two mucilages are distinct, or whether 
they are compounds of cellulose and gum in the proportion 1 : 2, mixed with excess 
of gum : the different behaviour of the fleabano mucilage when treated with acid from 
that of the quince would, however, seem to preclude this view. 

PUKTS, »lSBPIRATZOir APTB IfUTllZTZOXr OF. Formation of 
Oxygen hy Leaves. — From experiments by J. Boehm {Ber. vi. 560), it appears that 
the formation of oxygen by green leaves immersed in carbonic acitl water does not 
result from the direct assumption of absorbed carbon dioxide by tJie chlorophyll- 
bearing cells, but that the leaves first become covered with an atmosphere containing 
carbon dioxide, and then act as under normal conditions. This conclusion is 
based upon the following facts: 4. Leaves of and other plants immersed in 

water containing carbonic acid, give off but little gas on exposure to sunshine if the 
bubbles which form on them are removed as soon as they appear. 2. The evolution 
of gas ceases when the absorption-coefficient of the water for carlmn dioxide is in- 
creased l)y lowering of temperature or increase of pressure, whereas gaseous CO'* is 
decompos«'d under similar conditions. 3. The separation of gas likewise ceases if the 
leaves betore tlie (jxpi'vinipnt arc injected with water, and the conditions which induce 
the formation of bubbles upon them arc thereby lowered. Injected leaves of land- 
plants, however, wlicn placed in an atmosphere of carbon dioxide, still give out a large 
quantity of oxygen. 

* Kxperinients on the decomposition of carbon dioxide by the green loaves of land- 
plants, in mixtures of that gas with hydrogen, showed that the quantity of oxygen 
pfoducod is always greater than that of the carbon dioxide which disappears. This 
excess is due to the fact that the living tissues of land-plants, placed in an atmosphere 
free from oxygen, continue to give off carbon dioxide as long as they live, the quantity 
of that gas thus evolved depending especially on the temporaturo. This evolution of 
carbon dioxide by living plants in an atmosphere free from oxygen is regarded by 
Boehm as analogous to the proco.sscs which may be obser\’ed in boer-yeast, especially 
in its spontaneous formenh'ition, the organisms excluded from access of oxygen then 
acquiring the forces necessary for their vital processes by ‘ internal combustion.* 

Experiments by Boehm {Liebigs Aimalen, clxxxvi. 248) on the elimination of 
oxygon from green twigs under boiled water in sunlight have led to the following 
results : 

1. When green twigs of V'oody plants, such as privet, are enclosed in a limited 
atmosphere containing oxygen, in the dark, there ensues at first a diminution, but 
afterwards an increase, in the volume of the enclosed gases ; .and this increase takes 
place before tiio oxygen present is completely absorbed. 

2. The diminution in the volume of gas which takes place when green twigs are 
enclosed in an atmosphere containing oxygon, in faint light, is not due to assimilation 
of oxygen, as in the germination of seeds rich in oil, but is* caused by absorption of 
carbon dioxide formed in normal respiration. 

3. When portions of fresh plants are enclosed in an atmosphere of carbon dioxide, 
there takes place at first a diminution (contrary to Saiissure’s statements) and after- 
wards an increase in the volume of tiTb gas, due to internal respirat ion. 

4. The absorption of carbon dioxide by fresh plants is not due to the action of 
cellular liquids {Zelhaft') exclusively, since it takes place also in twigs previously 
dried at 100°. 

6. When fresh green shoots of privet are exposed to sunlight, under boiled water, 
they give off more oxygen than corresponds with the volume of air contained in them. 
Tliis oxygen is for the most part derived from carbon dioxide formed in the shoots by 
internal respiration. In prolonged experiments the evolution of oxygen becomes 
slower and slower, and after 3 or 4 days ceases entirely, although the shoots still 
appear fresh and sound. After a week, however, tlio shoots begin to turn brown, and 
butyric fermentation sets in. 

Certain fleshy plants, .as Bryophyllum calycmnm^ Craasula arboresenis. Semper- 
vivim Cotyledon^ when exposed to light, give off oxygen oven in an atmosphere free 
from carbon dioxide, this effect being due* to the deoxidation of an organic ac*id 
(probably an isomeride of malic acid); in several experiments, the juice of the 
plants, after the elimination of oxygen, was found to be slightly alkaline. Leaves of 
Bryophyllum and Crassiila kept in the dark till nearly all their starch had disappeared, 
and then exposed to light in an atmosphere free from carbon dioxide, again became 
charged with starch, whence it may be inferred that the reducible acid was in this 
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case converted into a carbohydrate (A. Mayer, Ber. viii. 1088; Landw, Fers.-St. 
xxi. 277). 

Ahsorpion of Oxygen, and FornmiUm of Carbon Dioxide.— Tho observation 
that green leaves in the dark fcike up oxygen and give off carbon dioxide, and that 
the amount of C0‘* thus given off increases with the temperature, has been confirmed 
by Deh^rain and Moissaii (Go nipt. rend. Ixxviii. 1112). They find that the volume of 
carbon dioxide given off, especially at low temperatu»*es, is less than that of the 
oxygen absorbed, and thence infer that this part of the absorbed oxygen is used for 
the formation of oxalic and other vegetable acids. Finally, they show that the leaves 
still continue to give off carbon dioxide, even after all the oxygon of the surrounding 
atmosphere has been removed. 

Corenwinder (Compt. rend. Ixxxvi. 608) observes that young leaves take up 
oxygen and give out carbon dioxide even in daytime, whereas old leaves give 
off no carbon dioxide during the day. Cherry-Liurel leaves dried at 100° were found 
to have the following comp^itiou : 

Yioung leaves Old leaves 

Nitrogenous constituents .... 32‘47 10‘7o 

Non-nitrogenous constituents . . .61*89 81*69 

Phosphoric acid ...... 1*68 0*35 

Lime ........ 0*86 3*80 

Potash, silica 3*00 3*41 

The young leaves, in consequence of their large amount of protoplasm, absorb oxygen 
and exhale carbon dioxide ; the old leaves, on the other hand, contain comparatively 
little protoplasm, but a largo quantity of chlorophyll, which retains and decomposes 
the carlwn dioxide produced by the respiration of the protoplasm, so that oxygen is 
evolved. 

In the respiration of water-plants in atmospheric air, less oxygen is consumed 
than in the respiration of land-plants under similar circumstances. In an indifftirent 
atmosphere free from oxygen, carbon dioxide is formed by water-plants, but in smaller 
quantity than by land-plants. Dead water-plants absorb hydrogen gas in considerable 
quantity, apparently in consequence of a peculiar kind of fermentation. In land-plants 
this absorption of hydrogen has not been observed (Boehm, Bit. viii. 752). 

According to Mercadante a. Colossi (Gazs. chini. ital. 1875, 32), no carbon dioxide 
is eliminated from the roots of plants, so long as they remain in normal condition, 
this elimination comnioucing only when the fictual decomposition of the roots begins. 
Hence they infer that the carbon dioxide taken up by the leaves bears no relation to 
that given off from the roots ; that the carbon dioxide occasionally given off by the 
roots has no appreciable infiuence on the solubility of the constituents of the soil ; 
and that, on the other hand, the organic constituents of the soil do not act on the dis- 
solved organic constituents in such a manner as to render them insoluble and incapable 
of absorption by the roots of plants. 

Eespimiion in the Ripening Fruits of Poppy and Rape. — The amounts of oxygen 
consumed and of carbon dioxide evolved by poppies and rape at various stages of 
ripeness have been determined by Sabanin a. Laskowsky (Land. Vers.~Rtatmu‘m, xxi. 
194), flowering stems cut as short as possible being used for the purpose. The results 
are given in the following table, where the numbers in the first column indicate the 
order of ripeness, No. I in each case being a flowering-stem taken just after flowering, 
No. VII in the rape-series a stem bearing fully-lfipened seed-pods, and No. VIII in 
the poppy-series an over-ripe capsule. The last four columns give the weight in 
milligrams of oxygen consumed and carbon dioxide formed in 24 hours by 1 gram of 
dry substance. 
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It appears from these results that in both plants the consumption of oxygen falls 
oif as the fruit ripens. From what is known of the disappearance of starch in these 
plants, it may be inferred that the maximum consumption of oxygen occurs just before 
the disappearance of starch. 

Elimination of Hydrogen from Plants. — According to Selmi {Gass, chim. ital. 
1876, 32), mildew and larger fungi give off hydrogen, especially on the side turned 
away from the light ; in most cases the hydrogen is burnt by the oxygen of the air, 
and part of it unites with atmospheric nitrogen, forming ammonia. Missaghi, on the 
other hand (ifnd. 419), finds that the air surrounding a growth of mildew contains no 
free hydrogen. Miintz {Compt. rendAxxx. 178) observes that the common mushroom 
(Agaricus campestris)t in an atmosphere containing oxygen, gives off nothing but carbon 
dioxide, whereas in an atmosphere free from oxygen, e.g. in nitrogen or carbon dioxide, 
hydrogen is likewise eliminated ; the agaric is then found to contain alcohol, and 
Miintz supposes that, under these conditions, the mannite contained in it is converted, 
with separation of hydrogen, into glucose, which is further split up into carbon dioxide 
and alcohol. The same reaction was found to tJike place in boor-yoast. 

According to Pollacci {Gasz. 1876,461; 1876,258; Her. ix. 84), hydrogen is 
evolved not only from fungi, but from all plants, and in the case of sulphured vines 
this hydrogen gives rise to the formation of hydrogen sulphide, which kills the (Mium, 
The evolution of hydrogen is most abundant on those parts of the plant at which 
vegetation is most active. 

Absorption of Nitrogen. — A corapirison made by (Jrandeau {^Inst. 1875, 110) of 
the researches made in late years on the origin of the Nitrogen of Plants, points to 
the conclusion that the soil docs not possess the power of bringing the nitrogen of the 
atmosphere into a form in which it can bo assimilated by plants, and that the nitrogen 
in the soil which is capable of assimilation is of animal or vc^gotable origin. 

(}. Villes (Chem. News. xxx. 278, 287) infers from experiments in which soils wore 
manured with various nitrogen and phosph(»rus compounds, viz. nitrites and nitrates, 
ammonia, methylamino, othylaminc, urea, ethyl-urea, totramethylainmonium chloridis 
oxamide, dimcthyloxamido, diethyloxamide, potassium cyanato, ammonium oxalate, 
phosphates, phosphites, and hypophosphites, — that the produce depends not only on 
the quantity of nitrogen and phosphorus employed for manuring, but also very 
materially on the mode of combination in which those elements are present. See also 
C. A. Cameron {ibid. xxxi. f). 

Ahsorption of Ammonia.— Experiments with various plants liavo been made by 
A. Mayer (Jjandw. Vers.^St. xvii. 329), with the view of determining whether ammonia 
is absorbed by the aerial parts of plants^ For this purpose, ammonia was presented 
to the plants, partly in the gaseous form, partly in solution as ammonium carbonate, 
Avhile the roots received none. The experiments led to the follt)wing conclusions : 
(1). Flints of the higher oixlers are capable of absorbing ammonia presented to tlieir 
green organs, either in the gaseous fonn or as carbonate dissolved in water. (2). This 
absorption of ammonia is not purely mechanical, but leads, under favourable circum- 
stances, to a physiological action ; it is, in fact, a form of assimilation of nitrogen. 
(3). The nutrition of a plant by ammonia thus absorbed may, in the absence of 
other nitrogenous food, be followed by luxuriant growth, and an increased production 
of organic substance. (4). Green plants in all their organs are affected by ammonium 
carbonate in very different degrees, and if the supply of it bo too great, the parts of 
the plant affected by it may die off.., In the case of very sensitive plants, therefore, 
the demonstration of the assimilation of ammonia may bo very difficult or even impo.s- 
siblo. The absorption of ammonia from the atmosphere by leaves is theoretically 
possible, but considering tho extremely small proportion of ammonia in the air, this 
source of supply cannot be regarded as of much practical importance. Papilionaccotis 
plants, which are generally thought to tako up more ammonia from tho air than other 
plants, were found in tho experiments above described to bo particularly sensitive to 
and injured by it, though of course they might absorb it in very dilute form. 

Experiments on the absorption of atmospheric ammonia by the loaves of plants 
have also been made by Th. Schloesing {Compt, rend. Ixxviii. 1700). Two tobacco- 
plants were grown under similar circumstances, excepting that one of them developed 
its leaves in air containing ammonium carbonate, tho other in airfreo from ammonia. The 
oxporiment lasted about six weeks, at the end of which time tho loaves, buds, stalks, 
and roots were separately collected, dried, weighed, and analysed. Tho plant grown 
in the ammoniacal atmosphere contained 2*32 per cent., that grown in the non- 
ammoniacal atmosphere only 1*77 per cent, nitrogen. Of the total quantity of 
ammonia which had access to the loaves, three-fourths was absorbed. The ammonia 
had no influence on the amount of nicotine in the plant. 

Absorption of Alkali-salts. — Peligot {Compt. tend. Ixxvi. 1113) has made 
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experimeats on the growth of beans, with the view of determining whether sodium- 
salts are taken up by plants from the soil. The plants were grown in good garden- 
mould, and those in the several pots were watered with different liquids, viz. snow- 
water, and solutions of sodium chloride, potassium chloride, sodium nitrate, potassium 
nitrate, and magnesium-ammonium sulphate. The analysis of the ash of the full- 
grown plants showed that neither of them had taken up a sodium salt from the soil. 
The ashes of the plants which had been watered with potassium salts wore not richer 
in potassium than those which had been watered with ordinary water. 

Interchange of Potajssium and Sodiwni in Plants . — Champion a. .Pellet {Cornpt, 
rend. Ixxx. 1588) infer, from a series of ash-analyscs, that potassium and sodium can 
replace one another in plants in the ratio of their atomic weights. 

Absorption of Water a^\d Calcium^salts by the Leaves of the Scarlet-runner {Pham)lus 
multiflorus) (J. Boehm, Ijindw. Vers.-St. xx. 61). — Cotyledons of this plant containing 
starch may often bo dried to a fourth, or even a fifth of their original weight, without 
entirely losing the power of producing and decomposing carbonic acid when placed in 
an atmosphere of pure hydrogen. The cotyledons, even w'hen dried to about half their 
original weight, will recover their freshness if immersed, with the exception of the 
stems, in water. Leaves that have been thus revived, dry on exposure to the air 
much more quickly than freshly cut ones. 

Scarlet-runiicr seedlings, the roots of which have been carefully wrapped in damp 
cloths, the leaves, however, being suffered to dry by exposure to the air, until each 
appears not more than half its former weight, do not revive when placed underneath 
a bell-jar with their roots immersed in water. They revive completely, however, 
when immersed, with the exception of the roots ; when, therefore, a certain point is 
reached, the. water necessary for their recovery can betaken up by the leaves only, 
and not by the roots. If a soodling be cut m thjit only the two cotyledons remain 
upon the stem, and one of these be liipped beneath the surface of water whilst the 
other is kept exposed to the air, the leaf out of the water will remain quite fi;psh; 
but if both leaves be allowed to dry before the one is immersed, the other will not 
again revive. 

Seedlings of Phaseolus multi Horns possess the property of absorbing through their 
leaves not only water, but also the lime salts necessary for their development. 
Carbolic acid, in the proportion of 1 pt. per 1,000, can bo added to the water used for 
their nourishment, without hindering growth. 

Absorption of Observations on the absorption of bicarbonates 

by plants from natural waters have been made by A. Barthilomy, with the following 
results : 

1. Plants possess one set of roots for the absorption of gas, and another set for 
the absorption of mineral substances in solution. 2. There are two distinct periods 
in the life of the roots ; of development, previous to the decrease of the bud ; and of 
maturity, when the spongiole, laid bare by the exfoliation of the epidermic tissue, 
cxliibits the phenomena of osmose. 3. Plants absorb more water than bicarbonates 
from natural waters, except when tlio leaves dry rapidly, or at the time of flowering. 
4. The amount of bicarbonates absorbed is proportional to the amount of exhaled 
water. 5. In a water of constant composition, plants appear, during the night, to 
part with some of the bicarbonates absorbed during the day, while absorption of 
water takes place. 6. The proportion of the bicarbonate to the water al)sorbcd 
varies with the nature of the plant, 7. When a ^ant has absorbed a certain amount 
of bicarbonates, it is able to part with some when placed in distilled water. 8. The 
absorption of bicarbonates has no direct relation to the rapidity of vegetation : this 
absorption therefore does not aid respiration. 9. The roots of plants reject the carbon 
dioxide which serves to keep the bicarbonates in solution. 10. Those experiments 
made with healthy plants growing under normal circumstances coincide in many 
points with those made with concentrated solutions and in porous vessels. 

Influence of various Substances on the Germination and Growth 
of Plants. — 1. Of Carbon Monoxide. Young sprouts raised in an atmosphere 
of pure carbon monoxide, or of air containing 3 to 4 per cent, of that gas, or of air, 
hydrogen and carbon monoxide, soon became sickly, and died on the tenth or eleventh 
day. Hence it would appear that Baeyor’s hypothesis (7?efr. iii. 63) respecting the 
formation of sugar in plants by reduction of CO* t() CO, the combination of the latter 
with hydrogen to COH*, and the subsequent condensation of this aldehyde, cannot be 
maintained (A. Stiitzer, Per. ix. 1570). 

2. Of Coal-gas. See p. 543. 

3. Of Ammonium Thiocyanate. 0. Knhlrausch {Dingl. pol. J. cvx\\. 426) 
manured a tiimip-field, and a garden soil in which barley and summer- wheat were 
sown, with ammonium sulphate containing 2 52 per cent, thiocyanate obtained from 
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spent Laming\s mass (mixture of lime, ferric chloride, and sawdust, used for the 
piiridcation of coal-gas). In all cases the germination of the seeds was retarded, and 
the plants were very ill-developed, the eifect being most marked with the wheat. 
Similar results have been obtained by C. Schumann (Landw. Vers.-St. 1872, 230 ; ami 
P. W‘AQner,Zdtsc?ir.Jiir die landmrthschafi. Vtreined. Gr<mherzogthu7n;8 Hessen, 1873). 

4. Of Alkalis. Bottger (Dhigf. ^l. J. ccxii. 444) finds that moderately strong 
solutions of potiissium or sodium hydrate greatly increase the germinative power of 
seeds, especially of coffee-beans, which, when drenched with a weak solution of caustic 
potiish, throw out long white radicles oven in an hour or two. 

5. Of Lime. Boehm {Her. viii. 682) found that seeds of the scarlet-runner, if 
allowed to germinate in distilled water, die sooner or later when the reserve of 
nourishment is exhausted, although the length of time required for this varies greatly 
in individual plants. This effect is prevented, however, by the presence of various 
calcium salts (not by calcium chloride), but no other base can be substituted for lime, 
magnesium carbonate acting in a decidedly injurious manner. Boehm is of opinion 
that lime plays a similar important part in the development of plant-life that it does 
in the animal economy in the transformation of cartilage, into bone ; but that its action 
in causing the transfer of starch from the parts of the plant where it is stored up to 
those in which it is utilised is obscure. 

6. Of Salicylic acid and Thymol. Accorrling to K. Heckel {Compt.rend, 
Ixxxvii. 613), germination is retarded and in some cases entirely prevented by the 
presence of salicylic acid, sodium salicylate, or thymol. 

7. Of Camphor. The growth of many plants is accelerated by camphor, but on 
t)thers it exerts either a deleterious influence or none at all. It accelerates gerniina- 
lion. A similar influence is exerted by water containing oil of turpentine (Vogel a. 
Haab, Pharm. J. Trans. [3], iv. 1011). 

, 8. Of Oils. Noble a. Hanlein (Landw. Vers.-SL xxi. 437) have m{ido experiments 
on tfie influence exerted on vcgetiitioii by various volatile oils, especially those of 
lavender and curled mint, also by benzene and carbon sulphide, these liquids having 
been recommended for the destruction of the Phylloxera and of the Colorado l)oetlo. 
The experiments showed that all these liquids exert a deleterious action on plants. 
Carbon sulphide is very efficient in destroying underground insects and larvjc, l)ut its 
action on plants is even moi’o destructive than that of any of the other liquids just 
mentioned. 

Chemical Changes accompanying Germination. ‘The observations of 
Schulze, Umlauft a, Urich on the transformations of tissue attending the germination 
of lupine-seeds have already been notic(?d (p. 1243). Further experiments on the 
formation of sulphuric acid in germination have bi*en made by Schulze (/icr. xi. 1234b 
Vetch-sprouts which had been growirg in the dark for three weeks wore found to eontain 
a larger quantity of sulphates tlian the ungeriuinated seeds, the amount of sulphuric 
acid produced being about equal to that which could bo formed from the sulphur of 
the decomposed proteids. An increase of sulphates takes place also in tin* g»*rrniria- 
tion of pumpkins. In the case of lupine sprouts of various ages it w’as found tijat in 
the first stages of germination the .agreement between the quantity of sulphur sepa- 
rated from the decomposed protei’ds and the amount of sulphuric acid formed does not, 
oxi.st, hut the greater' the age of tljo sprouts, the more completely is this agreement 
established. This result may bo explained on the supposition that tlie proteids are 
first split up under the influence ot Tcirmeiits, and that the products of the deconi 
position then undergo gradual oxidation. In the later stages of germination, the 
amount of sulphuric acid appears to afford a measure of the quantity of albuminoid 
matter decomposed. 

According to Schulze a. Barbieri (Ber. x. 928 ; xi. 710), pumpkin-sprouts contain 
an amide of glutamic acid, together with aepartic acid, tyrosine and leucine. The 
process of decomposition oi albuminoids in germination is therefore the Siime as that 
which takes place under the influence of acids. 

Formation of Carbohydrates in Plants. —Experiments have been made by 
A. Stutzer (Ber. ix. 1395) on sprouts of Brassica Bapa, growing in nutritive solutions 
to which oxalate or tartrate of calcium had been added, the air of the vessel having 
been previously deprived of carbon dioxide. Under these circumstances the plants 
took up oxalic or tartaric acid in place of atmospheric carbon dioxide, formed new 
loaves, and incre.asod in amount of dry substance. Water-plants growing in similar 
nutritive liquids gave off iu sunshine considerable quantities of oxygen. When the 
conditions of tho experiment were modified so that the air surrounding the plants was 
kept free from carbon dioxide during the whole course of the experiment, the oxalic 
acid was not assimilated, the plants soon died, and their dry weight was diminished. 
It follows, therefore, that oxalic acid— contrary to Liebig’s view — cannot be regarded 
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as a transition-membor between atmospheric carbon dioxide and the carbohydrates, 
but that, before it can take part in the process of nutrition, it must be oxidised t^) 
carbon dioxide. With tartaric acid, however, the case is diiforont ; for plants grow 
in a nutritive solution containing this acid even though surrounded by an atmosphere 
free from carbon dioxide, the two alcoholic groups CH*OH in the tartaric acidseiwing 
as nutriment to the plant. Glycerin acts in the same manner as tartaric acid. These 
results show that carlwxyl-groups, COOH, candot serve directly for tlio formation of 
vegetable substances in plants containing chlorophyll under the influence of light, but 
only after oxidation ; alcoholic groups, on the other hand, are direct ly available for 
this purpose. When the nutritive liquids contained acetates or succinates the plants 
increased in diy substance, and threw out new leaves, but they never looked so 
vigorous as those which were fed with tartaric acid. 

Formation of Starch in the Chlorophyll-granules. — Experiments by 
J. Boehm {Ber. ix. 123) on the shortest time in which, under favourable conditions, 
starch is formed in the chlorophyll-granules, have led to the following results: 
1. The view hitherto held, that all starch which makes its appearance in chlorophyll - 
granules free from starch, when those are exposed to full daylight, is a product of the 
direct assimilation of carbon dioxide, is erroneous. 2. Light of any intensity suffi- 
cient to enable green plants to dticompose carbon dioxide, effects also a transfer of 
starch from the stems to the chlorophyll-granules. 3. In direct sunshine the transfer 
of a recognisable quantity of starch from the stems to the chlorophyll-granules of the 
leaves takes place in 10 or 15 minutes. 4. Experiments on the formation of starch in 
the chlorophyll-granules, consequent on the direct assimilation of carbon dioxide, can bo 
made only with plants perfectly free from starch, or with detached leaves freed from 
starch. 6. The disappearance of starch in detached loaves in diffused daylight or in 
the dark takes place as rapidly as in leaves still attached to the plant. The starch in 
leaves not very rich in starch disappears also when such leaves are partially or entirely 
immersed in water in large open vessels, but notin water free from oxygen, or in'pufc 
nitrogen or in hydrogen. 6. Gotachod loaves of plants grown in faint light, and free 
from starch, when placed in an atmosphere conUiining fl or 8 per cent, of carbon 
dioxide in full daylight, not only throw out roots from the leaf-stalks, but also increase 
considerably in diameter, even when .*<impl)r moistened with distilled water. 7. Quite 
young cotyledons grown in the dark, or in faint light, contain starch. 8. Sprouts 
grown in distilled water, under bell-jars standing in potash-ley, scarcely attain the 
length of 10 cm., the stems then withering below the cotyledons. Such plants arc, 
as a rule, destitute of starch. 9. Starch is formed in rccogiiisablo quantities in 10 or 
15 minutes, by detached cotyledons, when exposed to direct sunshine in an atmosphere 
containing 8 per cent, of carbon dioxide. In similar leaves, freedy exposed to the 
air, in sunshine, the same result occurs in 46 minutes. It is not improbable that 
the carbon of the dioxide decomposed combines directly with water to form starcli. 
10. Scarlet-runner sprouts take up from the soil neither organic carbon-compounds 
nor carbon dioxide. 

Further experiments (Ber. x. 1804) have shown that the formation of starch in 
chlorophyll-granules free from that substance, at the expense of substances which ha^o 
been transferred to the cells containing these granules, is a process of the organism 
perfectly independent of the influence of light. When growing cotyledons of the 
scarlet-runner, the terminal buds of which have been removed at an early stage, are 
partly shaded, the starch at first disappears almosjt wholly from the darkened parts of 
the leaves, but after two or three weeks the chlorophyll-granules in the parenchyma 
cells of the shaded parts are always found to contain starch, sometimes equal in 
quantity to that which would have been formed if they had been continuously exposed 
to light. Hence it appears that the starch which is formed in chlorophyll-granules 
previously free from that substance is not in all cases a direct product of assimilation 
of carbon dioxide and water, but may be formed from substances previously assimi- 
lated and transferred to the cells.^ 

On the formation of Starch in the cotyledons of Cross, Radish, and Flax, see 
Boehm {Cheni. Centr. 1876, pp. 202, 217, 233, 248; Jahresb. f, Chem. 1875, 817; 
Chem. fi>c. J, xxix. 962). 

Albifiism in Plants. — The difference in composition and function between white 
and green leaves has lately been carefully studied by A. H. Church {Chem. Soc. J. 
1879, XXXV. 33 ; 1880, xxxvii. 1). The le^jivoB examined were those of a species of 
maple, Acer Negundo, the variegated holly and ivy, also of the following exotic plants : 
Flceagwus pungens, Plectogyne variegaia, Cyperm alternifolius and Aheasia nuwhro- 
rhisa. The white leaves and white parts of leaves of these plants were found to 
contain about 6*58 pep cent, more water than the green ; they also yielded a larger 
proportion of ash, and this ash was richer in potash and poorer in lime than that of 
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the green leaves; in short, the white leaves contain a larger proportion of the more 
diffusible constituents. Moreover the white foliage, which contains no chlorophyll, 
docs not possess the power of decomposing the carbon dioxide of the air, even in 
sunshine, but on the contrar}' adds largely to the normal amount of that gas in the 
air, acting indeed like the petals of flowers and like green leaves in darkness. In all 
these respects tlie white foliage of a plant boars to the green the same relation that a 
parasitic plant bears to its host, e.g. the dodder to the clover on w'hich it grows. It 
does not elaborate its own substance ; it is not a laboratory, but merely a storehouse, 
and draws the whole of ita sustenance from the green parts of the plant in w'hioh 
the functions of vegetable life are in full activity. Remarkable differences are also 
observed in the amount of gain and loss of white and green foliage when placed in 
water and when exposed to the air. White holly sprays placed in water gained in 
two hours 0*29 per cent, of their weight ; green holly under similar conditions gained 
1‘i'ir) per cent. When no water was supplied, the white holly lost 0*64, the green 
10'26 per cent, of its weight. 

P&ATZM'UM. Occurrence . — A specimen of magnetic platinum ore from 
Nischnc-Tagilsk, in the Ural, analysed by Terrcil rmd. Ixxxii. 1116), was 

found to contain : 

Platinum, with traces of Iridium 81*02 

Osmiridium and other platinum-metals in.soluble in aqua regia . 8*33 


Silver traces 

Copper 3*14 

Iron 8‘18 

Nickel . ■ ()-73 

Chrome-iron ore 3*13 

Silicon 0*13 


Silicates of Aluminium, Magnesium, and Iron .... traces 

• 

99*68 

The occurrence in this ore of metallic iron and nickel, which had not hitherto been 
found in platinum ore, indicates a resemblance between platinum ores and meteorites. 
On this point see also Daubr6e {Compt. rend, Ixxx. 707; Jahresh, f. Chem. 187i), 
1194). . 

Ferruginous platinum from Russia, analysed by Frenzel {Jahrh, f. Min. 1874, 
684), gave : 

Pt Ffi C!u Insoluble Sp. gr. 

76*97 10*97 1 04 1*45 14*92 at 15°. 

The following table gives the results of the analysis of Russian platinum ores by 
S. Kern {Chem. News, xxxv. 88). 1-3. From the District of Goroblagodatsky. 

4-6. From the District of Nischne-Tagilsk ; 

Osmir- 



Pt 

Bh 

Ir 

Os 

Pd 

Fe 

Cu 

idinm 


1 . 

87*50 

1*20 

0*05 

0*01 

1*06 

8*60 

0*65 

1*50 

= 100*56 

2. 

84*50 

2*90 

0*90 

0*60 

0*05 

7*55 

0 60 

2 80 

= 99*90 

3. 

80*05 

1*05 

2*50 

trace 

2*03 

11*04 

1*02 

2*61 

= 100*20 

4. 

80*87 

4*44 

0*06 

trace 

1*30 

10*82 

2*30 

0*11 

= 99*90 

5. 

71*20 

1*50 

2*40 

0*05 

1*96 

13*40 

6*70 

2*65 

= 99*86 

6. 

89*06 

4*60 

trace 

tjaco 

2*35 

3*40 

0*69 

trace 

= 99*89 


Also traces of Buthcuinni. 


Preparation.— Th. Knosel (Rcr. vi. 1169) separates platinum from the residues 
obtained in the use of platinic chloride for the estimation of potassium, by heating 
these residues with sodium or potassium carbonate, or sodium liydratc, in a porcelain 
dish over the water-bath, and gradually adding the alcoholic wash-waters. The 
spongy platinum thereby reduced is v/ashed, dried, and finally boiled with hydro- 
chloric acid to separate any remaining impurities. Duvillier (Compt. rend. Ixxxiv. 
444) effects the reduction of the platinum from those residues by boiling them with an 
alkaline formate. 

On the separation of Platinum from the Ferric Chloride obtained in the prepara- 
tion of Fine Gold, see Opificius (Dingl.pol. J. ccxxiv. 414 ; Jahresh. f. Chem. 1877, 
1124V 

On the separation of Platinum from Rhodium, Iridium, and Osmium by precipita- 
tion with Mercaptan, see p. 1276. 

The method of working native platinum, practised at Heriius’ works in Hanau, is 
described by J. Philipp {JDingl. pol, J. eexx. 95; Jahresh. f. Chem. 1876, 1075; 
Chem. Soc. J. xxx. 176). 
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Beductim , — According to Pellet Ixxvii. 112), platinum is reduced 

from the solutions of its salts by hydrogen containing a trace of arsenic, but not by 
pure hydrogen. 

PZafiwMW-6/acA— According to Zdrawkowitch (Bull. 8oc. Chim. [ 2], xxv. 198), a 
platinum-black of great catalytic power may be prepared by reducing platinum with 
glycerol in alkaline solution. A good mode of proceeding is to mix IS c.c. glycerol of 
25° to 27° B. with 10 c.c. potash ley of sp. gr.* 1-08, heat the mixture to boiling, and 
add 3 to 6 c.c. of ordinary solution of platinic chloride, whereupon the platinum is 
almost instantly separated as a black flocculent or pulverulent precipitate. If a large 
excess of alkali is used, the platinum is thrown down in specular form. Platinum is 
likewise reduced from the ordinary acid solution of platinic chloride by boiling with 
glycerol ; but the reduced platinum thereby obtained is rather grey than black, and 
has but little activity. 

Alloys. 1. With Iron. From synthetical experiments, as well as from the 
analysis of native alloys, of platinum and iron, Daubree finds that polar magnetism 
is exhibited only by those which contsiin at least 17 per cent, iron, those with lower 
percentages of injn being susceptible of miignetism, but not exhibiting polarity 
(Compt. rmd. Ixxx. 526). See also Deville 589). 

A portion of a sulphuric acid condenser of platinum, which was brittle and 
crystalline throughout, was found by E. Beichardt (Dingl. pol. J. ccxiii. 445) to con- 
tain 99*430 per cent, platinum, 0-473 copper, 0*013 iron, and 0*030 silicon. 

2. With Iridium. G. Matthey (Chum. News, xxxix. 175) has described the 
metho<ls by wliich he prepares an alloy of iridium and platinum suitable for the 
manufacture of the international metor and kilogram standards, and of the geodesic 
rule. 

Preparation of Pure Platinum. — Ordinary commercial platinum is melted with 
six times its weight of pure lead ; the alloy, after granulation, is treated w-ith 
successive quantities of dilute nitric acid (1 to 8) until there is no more action* and 
the solution, which contains lead, iron, copper, palladium, and rhcKliura, is separated 
from the residue and treated by appropriate methods. The residue, an amorphous 
powder containing platinum, load, crystalline iridium, and small proportiims of other 
metals, is treated with weak aqua regia, which dissolves the platinum and lead, 
leaving the whole of the iridium in an impure state. The solution is evaporated, the 
lead removed by sulphuric acid, the platinum solution is again evaporated, and the 
platinum chloride dissolved in water and mixed with an excess of ammonium and 
sodium chlorides. The solution, kept at 80° for st5veral days, deposits the ammo- 
nium platinochloride, which is reinov<?d, and aftt?r being washed with saturated 
ammonium chloride and then with hydrochloric add, is dried; and as it may still 
contain rhodium, it is mixed with poUiSsium-hydrogen sulphate and a little am- 
monium-hydrogen sulphate, and gradually heated to dull rednoss in a platinum 
capsule. The platinum is thereby reduced in the form of a black powder, the rhodium 
then remaining as rhodium and potassium sulphate, wdiich is complrtoly dissolved out 
by digestion with boiling water; the solution contains also a littlo platinum, wdiicli is 
recovered by evaporating to dryness and heating the residue to redness, at which tem- 
perature the platinum salt alone is decomposed. The absolutely pure platinum 
obtained by this process has a density of 21*46. 

Prvparation of Pure Tridium. — The iridium obtained from an ordinary solution of 
this metal (freed from osmium by long boiling itl aqua regia), by precipitation with 
ammonium chloride, contains traces of platinum, rhodium, ruthenium, and iron ; the 
presence of platinum is unobjectionable when iridio-platiniim is to bo prepared. This 
iridium is fused for some hours w-ith ten times its weight of lead ; the lead dissolved 
out from the alloy by nitric acid ; the re.sidue subjected to a prolonged digestion 
with aqua regia ; and the crystalline mass which remains is fused at a high tem- 
perature with potassium bisulphato in order to remove rhodium. The partially 
purified iridium is next melted for some time with 10 pts. of dry potassium hydrate 
and 3 of nitre in a gold crucible. The mass treated with cold water furnishes a 
solution containing potassium ruthoniate and a * blue residue ’ of potassium irkliate, 
which is washed with water contoining p()tassium hydrate and sodium * hypochlorite 
until the washings are colourless ; then with distilled water ; and then mixed with a 
solution of sodium hypochlorite and loft at rest for some time. The mixture is 
next transferred to a retort, warmed, and/inally boiled until the distillate no longer 
imparts a red colour to weak alcohol acidulated with hydrochloric acid (ruthenium). 
To remove the last, trace of ruthenium from the residue, the treatment with nitre ami 
potash and with sodium hypochlorite is repeated. The blue powder is then dissolved 
in aqua regia ; the solution evaporated to dryness; the residue dissolved in distilled 
water ; and the solution is filtered ami poured slowly into concentrated solution of 
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soda containing sodium hypochlorite (no precipifcito should be formed), which is then 
.subjected in a distilling apparatus to a current of chlorine, the distillate being tested 
for ruthenium. The blue oxide of iridium precipitated by the chlorine is collected, 
washed, dried, and reduced in a glass tube by a current of the mixed gases (CO and 
00'“*), obtained by gently heating a mixture of oxalic and sulphuric acids. The 
metallic iridium is heated to redness with potassium bisulphate to remove unreduced 
oxide of iron and traces of rhodium, ami the insoluble portion, after many washings 
with water, is washed with chlorine- water to remove traces of gold, and with hydro- 
fluoric acid to free it from silica. The remaining iridium, after calcination in a 
charcoal crucible, is molted to an ingot, which, after being broken up and boiled with 
hydrochloric acid to remove adhering iron, should, if perfectly pure, bo of sp. gr. 
'.'2-39. The purest iridium prepared had a density of 22-38, and still contained almost 
inappreciable traces of oxygen, rhodium, ruthenium, and possibly iron. 

Alloy of Iridio-plathmm. — 4o0 ounces of platinum and 55 ounces of iridium were 
melted together ; and the resulting ingot w'as cut into small pieces by hydraulic 
machinery, then remcltod and forged at a white hwit under a steam hammer (tlie 
surfaces of which were cleaned and highly polished after each series of blows) ; passed 
through polished stool rollers ; cut into narrow strips, and again slowly melted in a 
properly-shaped mould. This ingot, forged into a bar 35 cm. x 7*5 cm. x 2*5 cm., 
showed at zero a density =21-522; after a secorul forging and rolling, the density 
was 21 648. After the bar had been passed through highly polished rolls until the 
dimensions were 40-80 cm. x 21 mm. x 5 mm., a perfectly rectangular form was given 
to it by drawing through a series of plates. The rule thus prepared for polishing had 
a density 21-516, and gave on analysis: — 


Platinum 


. 89-40 

80-42 

Iridium . 


. 10-16 

10-22 

Rhodium 


. . 0-18 

0*16 

Ruthenium . 


0*10 

0-10 

Iron 


. 0-06 

0-06 



99-90 

90-06 


The density calculated from the first analysis is 21*510, and from the second, 
21*515, which coincides with the actual determination. 

The rule thus prepared for the Association Geodhique Internationale was perfectly 
free from flaws, su.scoptihle of a splendid polish, and much more suitable than 
platinum for the dividing process. 

Iridio-platinum possesses the following advantages for standard rules and weights : 
It is almost indestructible, has extreme rigidity, especially in the tube fonn, and a 
most beautifully polished surface can be obtained ; it« coefficient of elasticity is very 
great and its density very high. Kor weights, the alloy should contain not less than 
20 per cent, of iridium. Such an alloy, sp. gr. 21-614, has a coefficient of elasticity 
= 22-2, one of tlie highest known, whilst its inalloability and ductility are almo.st 
without limit. The kilogram prepared from it. measures only 46 266 c.c., displacing 
2*207 c.c. b'ss than the kilogram of the arc.hives of Franco. Alloys containing more 
than 20 per cent, of iridium are very difficult to work. 

On the preparation of an ingot of iridio-platinum weighing 250 kilograms, see 
Morin {Cornpt. rend. Ixxviii. 1502 ; Jakresb,/. Chon. \S7h 1065). 

On the preparation of pure platjnum and pure iridium, see also Devi lie a. Dehray 
(Compt. rend, ixxxi. 830 ; Chem. Soc. J. xxix. 523). The sanio paper contains the 
following data of the specific gravities of iridium-platiniim alloys. 


Platinum 

Iridium 

Sp. frr. 

90 

10 

21-615 

85 

15 

21-618 

66-67 

33-3 

21-874 

5 

95 

22-384 


Sp. gr. of the platinum 21*504 (uncorrocted) ; of the iridium, 22*421. 

Expansion by Heat. — The following values of the expansion-coefficient of nn alloy 
of 90 pts. platinum and 10 iridium are given by Fizeau {Conept. rend. Ixxviii. 1205). 


Before pressing ... 


. 0-000008864 

After pressure under the die , 


9020 

After one ignition at 1300° 

. 

8905 

After two ignitions . 

. 

8896 


Accortling to Devillo a. Debray (N. Arch. ph. nat. xlviii. 45) an alloy of 90 per 
cent, platinum and 10 iridium has the same expansion-coefficient as the original meter 
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preserved in the French Archives, which is known to have been made with impure 
platinum. 

Chlorides. When platinum is heated to 1400° in a current of an indifferent 
gas, it neither melts nor volatilises, but if a few bubbles of chlorine tire added to the 
gas, crystals of metallic platinum are deposited on the colder part of the tube. This 
result IS due to the formation, at a very high temperature, of a chloride of platinum 
which is subsequently decomposed on cooling ;* if a stream of cold water bo passed 
through a glass tube placed in the axis of the red-hot tube, platinum dichlorido will 
be deposit^ upon its surface (Troost a. Hautefeuille, Compt. rend. Ixxxiv. 916). 

Platinic Chloride^ PtCK — S. M. Jorgensen {J. pr. Chem. [2], xvi. 345) finds, 
in accordance with Weber a. Topso4 (au. 951), that the compound obtained by 
evaporating a solution of platinic chloride and drying the residue as completely as 
possible, consists of hydroplat inic chloride, Pt0l*.2HCl + 6H’‘'0, and not of a hydrate 
of platinum tetrachloride, PtGP+ 1()H*0 [or 8H*0] as supposed by Eudeckor, Mathers 
and Protopopow (vii. 984). 

Action of Silver Nitrate. — The addition of sih’-er nitrate in excess to a cold solution 
of hydroplatinic chloride, throws down the whole of the platinum in the form of a 
yellow precipitate, having the composition 2AgCl.PtCP. This substance has not been 
obtained in the pure state, as it is slowly decomposed by cold, and rapidly by hot 
water, into a solution of Norton’s salt, PtCP6H*0 (J. pr. Chem. [2], ii. 469 ; v. 365), 
and an insoluble residue, consisting of impure silver chloride. 

Norton’s salt loses 4 mols. of water at 100° ; the fifth molecule cannot be expelled 
without decomposing the compound. The aqueous solution of this substance tias an 
acid reaction, decomposes carbonates, and produces with silver nitrate a yellow pre- 
cipitate of the salt 2AgCl,PtCP(OH)*. With ammonia, it forms a precipitate of 
ammonio-platinic chloride, and the filtrate yields on evaporation a black, amorphous, 
hygroscopic residue of platinum hydroxychloride. The relation betwetm these bodies 
is shown by the following formulae, in which the platinum is octovalent : , . 

pi 4 k Cl“l 

CmH2 PtH* 0 PtlP 

TTydroiilatiilic clilorido. Noi’ton's salt. Platinum liydroxy- 

chloridt*. 

The action of silver nitrate on a hot solution of hydroplatinic chloride may be 
represented by the following equations : 

H^PtCl* + 2AgNO> = AgTlCl® -I- 2HNO». 

Ag^PtCP -J- IT-’O = HCI,PtC1^0H) + 2AgCL 

H*0 + lICl,PtCP(OH) + 2AgNO* = 2AgCl,PtCP(OH)« + 2HN(P. 

The silver salt obtained by adding silver nitrate to Norton’s salt is not analogous 
to the acid from which it is derived, since it yields by double decomposition witli 

ammonium chloride, platinosemidiaramonium chloride, and silver 

chloride (Jorgensen, loc. cit.) 

Reaction with Stannous Chloride. — When a solution of platinic chloride is mixed 
with stannous chloride, then largely diluted with water, and heated to boiling, a 
brow'D precipitate is formed, analogous to Purple of Cassius. The same precipitate is 
formed on immersing a plate of tin in the solution of platinic chloride. Its composi- 
tion, as determined by two analyses, is as follows : 

Sn Pt () 

6000 11-49 28 51 

55-50 17*19 27-31 

Cbloroplatinates or Platinocblorldes (Nilson, ix. 1056, 1142). The 
forrauhe of normal salts of this group may all be derived from that of hydroplatinic 
chloride, PtCPU- or PtCP.2HCl, or multiples thereof, by substitution of positive 
metals of various quantivalence for equivalent quantities of hydrogen ; thus : 

(a) 2Il'Cl.PtCP (5) Il"CP.PtCP ip) 2irCP.3PtCr‘ 

(d) R»"CP.2PtCP (e; (R«)’‘Cl‘.3PtCP 

Of these salts all belonging to the formal® a and h are known except the mercuric 
salt (HgCP does not unite with platinic efiloride). The beryllium salt, which, accord- 
ing to Thomsen {Ber. iii. 827), Marignac {Vtid. vii. 542), and Welkow {ibid. vii. 75), 
has the composition BeCP.PtCP 8I1‘‘*0, must also be referred to this group, beryllium 
being regarded as bivalent. The metals of higher quanth^alence appear to yield only 
basic ehloroplati nates. Of the decidedly trivalent metals, bismuth, arsenic, and 
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antimony, no chlopoplatinntes are known. The chlopo^Tatinates of the cepiuni and 
yttrium metals are represented, according to Cleve (pp. 421, 422, 424, 736), by the 
lollowing formula : 

CeCl».PtCP+13n20; LaCl».PtCP+13n*0; LaCP.PtCP + 1 IH^O 
Er01».Pt01* + 1 IH^O ; 4YCP.r)PtCP + 62IPO 

According to Frerichs a. Smith (pp. 643* 1163), the lanthanum and didymium salts are 
represented by the formula 2RCP.3PtCP + 241PO. 

Of the cliloroplati nates of metals Avith combined qiiaclriA^alent atoms, only the 
aluminium salt, APCl®.2PtGl‘* + 3 Oll-O, analysed by Wolkow (p. 65), has hitherto been 
known. The following have been obt.ained by Nilson from mixtures of 1 mol, of the 
chloride K^Cl®, Avitli 2 mol. platinic chloride. 

Fc"Cl®.2PtCl‘‘ + 21 H-0. Large, yellow, well-defined, oblique, four-sided, deliquescent 
prisms, which give oif lOTPO at 100°. 

Cr*Cl®.2PtCP-l-2lH*0. Fine, green, four-sided, deliquescent prisms, which gh"o 
off lOH^O at 100°. 

In'‘*Cl“.6PtCl‘‘ + 36H‘^0. IToncy-yollow, oblique, four-sided prisms, with oblique 
end-faces, deliquescing on exposure to the air, and giving off half their water at 100°. 

The ferric and chromic salts are, therefore, analogous to the aluminium salt, as 
are also thoso of the cerium and yttrium metals, if the formulae of these salts are 
doubled, and they are supposed to crystallise wdth quantities of water. Avhicli, according 
to T^ilson, are more in accordance with the analyses than thoso Avhich are assigned to 
the respective salts by CleA’’e. 

Of the chloroplatinates of quadrivalent metals, only the thorium salt, TliCl *.PtCl* + 
12TI‘0, analysed by CleA'e, has hitherto been knoAvn. Nilson hns also prepared the 
tin and zirconium salts, and found them to bo analogous in composition to llio thorium 
salt. The tin safe, SnOP.PtCl*+ 12H-0, ci’ystallisos in small, shining, light-green, 
thin, four-sided, perhaps somewhat oblique xdates. Zirconium oxiichloroplatinatc, 
ZrOCl\PtCP + 1 2H20, forms small, honoy-yolloAv, obliqu(\ four-sided plates. 

Cbloroplatiialtes or Platinosocblorldes (Nilson, J. pr, Ckem, [2], xv. 260), 
These salts may be arranged in the four folloAving groups : 

2IlCl.PtCP R"Cl.PtCP (R»)'^>Cl«.3PtCP R‘vCP.2PtCP 

Most of thoso here described wore prepared by decomposing barium cliloroplatinite 
with the respecti\’'o sulphates ; in some cases, howoA^or, by saturating the free acid, 
2IICl.PtCl'‘*, with oxides, hydroxides, carbonates, or chlorides. 

The chloroidatiiiites aro usually very soluble in water ; they are for the most part 
deliquescent, and crystallise only from very concentrated solutions ; most of tliem 
contain water of ciystallisation. At 100^ they aro decomposed, with production of 
metallic platinum, a few evolving hydrochloric acid. By OA^aporating their solutions 
in presence of hydrochloric acid, the platinum is usually partially converted into 
platinic chloride. The following now chloroplatinitcs have been obtained : 

2RbCl . PtCP. Small, four-sidod, red prisms, unaltered in air, easily soluble in 
hot water, sparingly soluble in cold Avatcr. 

2CsCl.PtCF. Long slender prisms, resembling the rubidium salt. 

2TlCl.PtCP. Prisms of a light-pink colour, difficultly soluble in hot water. 

2LiCl.PtCP + 611-0. Dark-red four-sided prisms, with greenish lustre, resembling 
potassium permanganate ; easily solubjo in water. 

CaCP.PtCl''*-H 8H®0. Thin, flexible tables ; over sulphuric acid it assumes a rose 
colour; melts at 100°, giving up 6 mols. of water, and then decomposing into chloro- 
platinate and platinum : very deliquescent. 

SrCP.PtCr'* + 611-0. Resembles the calcium salt: gives up two-thirds of its water 
at 100°. 

PbCP.PtCl*+ 5II*0. Amorphous red powder ; decomposed slowly by boiling water. ' 

BeCP.PtCP + 5H-0. Red rbombohedrons : deliquesces in moist air: unchanged 
in dry air ; gives up water and IICl at 100°. Easily soluble in water. 

MgCl“.PtCP-l-6II®0. Tables, unaltered in air; give up no crystalline water at 

100 °. 

MnCRPtCP+eH^O. Resembles the preceding: gives up two- thirds of its water 
at 100°. 

CoCl®.PtCP + 611*0. Red four- or six-sided tables : gives up 5 mols. H*0 at 100°. 

NiCl*.PtCP -I- 6H*0. Dark -brown tables :* gives up 3 mols. 11*0 at 100°. 

CuCl*.PtCl* + 6H*0. Olivo-brown or nearly black tables: gives up 6 mols. H*0 
at 100°. 

ZnCl*.PtCl*-h6H*0. Tables: gives up 6 mols. H*0 at 100°, decomposing also 
into chloroplatinato and platinum. 

VoL. VIII, 


60 
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FeCl*.PtCl* + 7H®0. Uark-red prisms : gives up 5 mols. H^O at 100®. 

Oadmium chloroplatinito could not be obtained. 

Al*01*.2PtCl*+2lH20. Large brilliant four-sided prisms: melts at 100®, and 
gives up 19 mols. H'-'O. 

Cr®Cl®.3PtCl*+ ISH'-^O. Thin, red, deliquescent prisms, giving up water and 
hydrochloric acid at 100®. 

Y'Ul®.3PtCP+ 24H®0. Dark-red, four-sided prisms : melts at 100®, and gives up 
10 mols. II'O. 

Er^Cl*.2PlCl" + 27H20. Dark-red prisms: at 100® gives up 17 mols. H**0. 

Er‘Cl®.3PtCl“+24H-0. Long four-sided prisms: loses 11 mols 1I‘H) at 100®. 

Ce=*Cl® 4PtCl- + 21H‘‘'0. Thin four-sided prisms : loses 15 mols. Il'-'O at 100®. 

La®Cl®.3PtCP + 1 8H*0. Like the last. 

La^Cl* 3PtCP-f 27H‘-0. Prisms : gives up 16 mols. IPO at 100®. 

I)i-Cl®.4PtCl--h 2lH*0. Prisms or tables : deliquescent in air. 

Di-Cl®.3PtCP+ 18H^O. Long thin prisms. 

' ' 2ThCP.3PtCl- + 24H“0. Rhonibohedrons : gives up one-fourth of its water at 
100® without melting. 

ZrOCRPtCP-t- SH'-'O. Largo quadratic prisms. 

2HCl.PtCP-f icH'-O. Produced by decomposing the barium salt with the equivahmt 
quantity of sulphuric acid, and evaporating in a viicmim. The solution, after reaching 
a certain degree of concentration, evolves hydrochloric acid, leaving a dark-brown 
amorphous mass, easily soluble in water, giving up water and hydrochloric acid at 100®. 

J. Thomsen (J. pr. Chem. [2], xv. 204) prepares potassium cUoroplaiinite from 
the chloroplatinato by reduction with cuprous chloride. The moist chloroplatinate 
is mixed with water to a pasty consistence, the mass is warmed, and moist cuprous 
chloride is cautiously added in such quantity as to leave a small portion of the potfis- 
sium chloroplatinate undissolved. A nearly black solution is thereby formed, from 
which, after filtration and cooling, the chloroplatinito is deposited in lino red crystals, 
which may bo purified by washing with alcohol. Hydrogen chloroplatinite^ PtOl'H*, 
is easily obtained by mixing a concentrated solution of the potassium salt with plutinic 
chloride. Potassium chloroplatinate then separates out, and the red solution contains 
the hydrogen chloroplatinite, which may bo used immediately to prepare the other 
chloroplatinites. The ammonium saltt PtCP(NlP)* ejisily obtained by mixing the 
solution of the hydrogen salt with ammonium chloride and evaporating, crystallises 
in largo red needles. 

Potassium Bromoplatinite, PtBr^K* is formed when potassium cliloro- 
platiiiite and sodium bromide are boiled together with so small a quantity of water 
that the greater part of the resulting sodium chloride separates out. On leaving the 
hot filtrate to cool, the bromoplatinite separates in largo nearly black rhombic octo- 
hedrons, or, if quickly cooled, in brown-red very soluble needles. 

Sodium bromoplatinate, PtBr^Na*, is most readily obtained by heating a 
concentrated solution of platinic chloride with hydrobromic acid, driving off the 
resulting hydrochloric acid by evaporation, then adding sodium bromide, evaporating 
V to dryness, and purifying the saline mass by recrystillisation (Thomson). 

On Cyanides of Plutinum, see p. 016. On Ammonio^latinic and Potassio-platinic 
Thiocyanate^ see p. 603. . • 

Platinous Hydroxide, Pt(OH)', is formed as a black precipitate on boiling a 
very dilute solution of potassium chloroplatinito with a sufficient quantity of dilute 
soda-ley. It dissolves readily at a gentle heat in dilute hydrochloric or hydrobromic 
acid; and is reduced by dilute formic acid, with evolution of carbon dioxide, to metallic 
platinum (Thomsen, J. pr. Chem. [2], xvi. 294). 

* . Platinoso -platinic Oxide^ Pt*0*, is prepared by heating dehydrated sodium 
^ chloroplatinato with sodium carbonate till the mass begins to molt, and boiling the 
•^olt with water and dilute nitric acid. When dried at lOO*^ it is biuo-black in lumps, 
/^ure black in powder ; it is not attacked by hydrochloric, nitric, or nitrohydrochloric 
acid, even after prolonged boiling. It slowly gives of! its oxygen at a red heat. Hydrogen 
and coal-gas, even at ordinary temperatures, reduce it, with vivid ignition and forma- 
tion of water. Formic acid at a gentle heat reduces it, with evolution of carbon 
dioxide, to platinum black (Jorgensen, J.pr. Chem, [2], xvi. 344). 

, Nitbogen-compounds op Platinum. 

Platinosemidiamnwnmm Chloride, CPPtc^Q. . — This compound, which Cleve 

obtained by the action of chlorine on platosemidiammonium chloride, Cl.Pt.N*H®Cl 
(vii. 997), is also formed by the action Of a cold strong solution of ammonium chloride 
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on the salt ^Q|PtH* (p. 1648). The corresponding iodidet PtI*N*H®, formed by 

treating the cUoride with potassium iodide, separates from a solution containing 
ammonium chloride in small shining crystals resembling iodine, appearing under the 
microscope as multiform groups of apparently roguJar six-sided plates ; from aqueous 
solution it separates io powdery crystals having an iodine-grey colour, and appearing 
under the microscope as rectangular 'prisms bevelled by a dome (Jorgensen, *7. pr, 
Chem. [2], xvi. 345). 

Fttlmlplattnuma (E. v. Meyer, J. pr. Chon. [2], xviii. 324). Kmllpla.tine.—' 
These are compounds obtaineil by the action of potash on ammonium cliloroplatinate, 
PtCl*(NII^Cl)'-. They are nearly insoluble in wiiter, and do not form definite com- 
pounds with cither acids or alkalis. The nitrogen contained in them is so firmly 
held in combination that they give off no ammonia when boiled witli strong potash 
solution. When heated yicr se they undergo total decomposition, generally with 
explosive violence, owing to the sudden liberation of a large quantity of nitrogen. 

When ammonium chloroplatinate is boiled with a quantity of aqueous potash 
insufficient for complete decomposition, added very slowly, a product of the formula 
rtNGlO®H“ is obtained, the formation of which may bo represented thus : 

PtCr‘(NIT^Cl)* + 5KOH - 5X01 + 2fTO + NH» + PtNCIO^lP. 

The chemical behaviour of this body, and the existence of other bodies standing in 
simple relation to it, show, however, that the foregoing formula must be qu;ulruplcd, 
making it Pt^N'CPO'“Il‘‘^^ {tetra^fkloro/ulniiplatinum). Its relations to the other 
fiilmiplatinums may then bo exhibited by the following equations, which indicate the 
derivation from it of (1) IrichlorhydroxyJulmiplaU^^^ (2) dichlorofnlmipJatmuniy and 
(3) chlorhydroxyfulmiplatinum : 

^ (1). + KOn = KOI '+ Pt<X^CP(0H)0'2lP»* 

' (2). Pt^N^CPO'^H-^^ + 2K0H = 2KC1 + PPN-‘C1"0»'‘H-^ + 2H“0. 

(3). + 3K0H - 3X01 + PPN«C1(0H)0‘21P2 + m‘^0, 

The constitution of these bodies is as yet undetermined. 

Tctrachlorofulmiplatmu?n, Pt^N'^CPO'-TP*. — The preparation of this compound in 
the pure state is attended with groat difficulty, one of its atoms of chlorine being very 
easily clkninatod. It is formed on heat ing ammonium chloroplatinate with aqueous 
potasli (4*6 mols.), added very slowly until a temporary alkaline reaction is produced. 
The pale yellow precipitate is purified by repeated boiling with very dilute acetic acid 
iind water. A slight excess of potash determines the formation of bodies containing 
loss chlorine. 

It gives up half its chlorine uffieu digested with aqueous ammonia, and throe- 
fourths whtm evaporated with ammonia over the water-bath : whence it appears that 
two atoms of chlorine arc eliminated easily, and a third less easily, whilst the first is 
firmly held in combination. The bodies formed from it by the action of ammonia 
tJxpliHlc violently when heated ; they have not been fully investigated. When gently, 
heated wdth oxalic acid in presence of dilute sulphuric acid, totrachlorofulmiplatinum 
gives off a quantity of carbon dioxide corresponding to a loss of 3 atoms of oxygen 
from each mol. At loO'^ it gives off 4 niols. of water. 

Trichlorofulmiplatimmt Pt‘'N^CP(QIl)0**lI2\ is formed when ammonium chloro* 
platiriate is decomposed with an insufficient quantity of potash (4'6-5 mols.), added 
in small portions somewhat rapidly. At 160°, it loses 3 mols. of water, and when 
more strongly heated, it explodes, giving off gases which consist mainly of nitrogen, 
but contain also free oxygen. Wlicn treated with ammonia, it gives up 2 atoms of 
chlorine. It is acted on by oxalic acid in the same manner as the previous compound,, 
the carbon dioxide evolved corresponding with the loss of 3 atoms of oxygen from^ 
each molecule. After the njaction the liquid contains a black precipitate, which gives off^ 
ammonia when heated with soda. When gently heated in hydrogen, the trichloro- 
compound undergoes violent decomposition, yielding water, ammonia, and free 
nitrogen. 

Dichlorofulmiplatinumf Pt^N^Cl*0**II®, is formed on heating ammonium chloro- 
plaiinate with aqueous potash, added in moderate quantities until the liquid remains 
slightly alkaline and ceases to evolve aramcviia. It is a fine yellow body, closely 
resembling the compound last described in most of its reactions. It is complol^ely 
decompose by treatment with zinc and sulphuric acid, the platinum being thrown 
down in a finely divided metallic state, whilst the whole of the chlorine goes into 
solution. Sulphur dioxide passed into water in which the compound is suspended, 
gradually dissolves it, forming a nearly colourless solution, which when neutralised 

5o2 
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with sodium cJirbonato and evaporated, yields crystals of Birnhaum’s salt, 
(PtS0*.3Na'‘^S0*)*.3H“0 {Liebig's Annalait cxxxix. 169). 

Chlorhydroa^yfulmiplatimmy Pt^N‘Cl(0Il)0*2H-’2, ia obtained as a dark yellow 
powder by heating ammonium chloroplatinato with 47 mols. of aqueous potash added 
at once, until ammonia is no longer evolved. It loses 4 mols. of water at 152°. When 
it is gradually heated to 260° with sodium carbonate, nearly the whole of the hydrogen 
is oxidised to water, whilst the hydrogen is for the most part set free. It is not 
appreciably acted upon by oxalic acid. With nascent hydrogen, it behaves like the 
dichloro-coinponnd. 

The foregoing results show that the decomposition of ammonium chloroplatinato 
by potash results in the formation of bodies containing equal numbers of atoms of 
platinum and nitrogen, whence it follows that ammonium cbloroplatinate cannot be 
regarded as a double salt of platinic chloride and ammonium chloride, PtCb(NH^Cl)% 
the 2 atoms of nitrogen having essentially tlifferont functions in the compound. 
Direct experiment show's that when ammonium chlorophitinate is heated even with a 
large excess of potash, only half the nitrogen is eliminated in the form of ammonia. 

Platonitrltes and Blplatonltrltes (Nil son, J. pr, Chem. [2], xvi. 241-278). 
Lang in 1861 discovered a double salt of platinum, which was produced on heating 
mixed solutions of potassium chloroplatinato and potassium nitrite (iv. 672). The 
composition of the salt was found to agree with the formula K*Pt(NO-)*, but its con- 
stitution was not then understood. Blomstrand in 1871 (J. pr. Chem,\2\ iii. 186) 
assigned to the salt, on theoretical grounds, the formula (K — 0 — NO— NO— 0)’^Pt, 
in which the platinum was supposed to play the part of a diatomic element ; and this 
formula wms supported by the fact, discovered by Blomstrand, that the salt readily 
takes up 2 atoms of chlorine or bromine to form a compound of tctratomic platinum. 
On this view tlie salt may be regarded as containing the negative radicle 
vitrosyl : 

— N0zzN0-0\^. 

— NO=NO— 0^^^» 

and accordingly the corresponding acid (Lang’s acid platinous nitrite) may be called 
PlatotetranitrouSf Platinotctranitrosylic, or simply Platonitrous acid^ and its salts 
Platoniirites, 

The following platonitrites have boon prepared and analysed by Nilson. Kxcept 
where otherwise stated, they were obtained by decomposing barium pbitonitrito with 
the sulphates of the respective bases. 

The potassium salt, K*(N02)^Pt, crystallises from mixed solutions of potassium 
platinochlorido and potassium nitrite in small colourless brilliant four- or six-sided 
prisms ; it crystallises without water from a solution of potassium chloride, but with 
2 mols. of water from aqueous solution. 

The riihidium and cesium salts, Ilh^(NO-)«Pt and Cs*(NO-) ‘Pt, obtained by decom- 
posing silver phitinonitrito with rubidium or caesium chloride, crystallise in small 
colourless or faiiitly-ycllow tmnsparent needles, which are permanent in the air and 
at 100°, and dissolve sparingly in water. The rubidium salt separates from a dilute 
solution on spontaneous evaporation in crystals containing 2 mols. of w'ator. 

Ammonium salt, (Nir‘y‘*(NO^)’Pt + 2H-(). — Formed by triturating equivalent pro- 
portions of silver pbitonitrito and ammonium chloride with a little watc^r. Crystal- 
lises in brilliant colourless or yellowish six-sidfttl rhombic prisms, ivliich are pcjrmaneiit 
in the air, but lose their W’ater over sulphuric acid. The salt is decomposed with 
explosive violence when heated in the slightest degree over an open flame, leaving a 
bulky residue of spongy platinum. 

Thallium salt, TD(NO*)*Pt.— Crystalli.ses in small brilliant, colourless, semi- 
transparent prisms, very sparingly soluble in cold water, and stable in the air and 
. at 100°. 

Sodium salt, Na®(NO®)^Pt. — From the silver salt and sodium chloride. Crystallisos 
in long colourless six-sided rhombic prisms, easily soluble in water, and permanent 
at 100°. 

Lithium salt, Li2(NO*)*Pt + 3H*0. — Obtained as the last. Crystallises in beautiful 
short rhombic prisms, which dissolve easily in water, turn moist in the air, and give 
off their water of crystallisation at 100°. 

Silver salt, Ag*(NO*)*Pt. — Obtained by decomposing potassium platonitrito with 
silver nitrate, and crystallising the product repeatedly in presence of excess of silver 
nitrate. Small yellowish monoclinic four-.sided prisms, permanent in the air, and 
sparingly soluble in cold water. 

Calcium salt, Ca(NO*)^Pt + oH*0. — Obtained by double decomposition of the 
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silver salt and calcium chloride. Forms thin yellowish oblique four-sided prisms, 
which are permanent in moist air, hut eifloresco over sulphuric acid, and lose the 
whole of their water at 100°. The salt i.H very easily soluble. 

Strontium salt, Sr(NO*)Tt + 3IPO. — Obtained as the last. Forms larp colourless 
or yellowish six-side(l prisms, which dissolve easily in water, lose two-thirds of their 
water at 100°, and bear a liigh temperature without decomposition. 

liar him salt, Ba(NO’*)‘Pt + 311*0.— Obtained as the calcium salt. Crystallises 
very readily in colourless brilliant tables or prisms, sparingly soluble in cold water, 
and permanent in the air. 

Pb(N0‘^)^Pt + 3H20.— Obtained as the calcium salt. Crystallises over 
sulphuric acid in yellow oparpie six-sided monocliuic prisms, which lose their water 
at 100°. 

Magnesium sail, Mg(NO‘'‘) ‘Pt + 511-0. — Colourless transparent six-sided monoclinic 
prisms, easily soluble in water, porrnaiu'ut in the air and at 100°, but decomposed 
with great tumefaction by gentle heating. 

Manganese salt, Mn(NO‘-)'Pt-f 811*^0. — Crystallises in beautiful largo rose- red 
triclinic prisms, which gradually turn darker in the air. Blackens at 100°, evolving 
nitric oxide. 

Cobalt Co(NO‘)‘J^t + 8IPO. — Largo red prisms, isomorphons with the last. 

Ea.sily soluble in Avater ; permanent in the air; decomposed at 100°. 

Nickel salt, Ni(NO“)‘Pt i- 811*0.— -Beautiful green transparent very thin tables or 
laminye, which arc ea.sily .soluble in water and permanent in the air, but decomposed 
at 100°, giAung off red A apours. 

Copjier salt (basic), [Cu(NO‘)‘Ptp.CuO + 18H-0. — From the barium salt and 
cupric sulphate. Crystallis(‘.s in gulden-yellow delicate m edics, Avhich are decom- 
posed by Avatcr, giving a green solution and a. dark-c-oloured precipitate. 

Copper salt (normal), Cii(NO")‘Pt+ 3IPO. ('’rystallises from the motlnu'-liquor of 
the preceding salt in very small green nccdle.s, Avhich di.ssolvo easily in AA^ater. De- 
composed at 100°. 

Zinc salt, /in(NO-)'Pt+ 81PO. — Largo colourless or yellowish Iranspart.nt crystals, 
isoinorphous witli those of the manganese, cobalt, and nicked .salts. Easily soluble in 
water. Decomposed at 100°. 

Cadmium salt , Cd(NO-)‘Pt + 311*0. — Largo yellow transparent monoclinic prisms, 
easily soluble in Avatcr, and eftlore.sccnt in the air. GiA'es off its water at 100° Avithout 
further decomposition. 

Mercurous Hg‘(N0^)'Pt.Hg'-'0 + H-0."— Precipitated on mixing solutions of 

potassium platonitrite and mercurous nitrate. Small pointed prisms nearly insoluble 
in water, and becoming anhydrous at 60°. 

Ahuniniani salt, Al-[(NO-)‘PtlM- 14H-0. — Largo colourless apparently cubical 
crystals, very easily turuing red uAviiig to formation of diplatouitrito (see below). 
Decomposed at 100°. 

Yttrium salt, Y*[(NOD^Ftl'‘ + UlPO. — Small Icmoii-yelloAV, oblique four-sided 
prisms, permanent in the air and easily soluble in Avatcr. The iiiothcr-liquor deposits 
a salt Avith 21 mols. Avalcr, in lung colourless or yelloAvish crystals, which Io.so 18 mols. 
of water at 100°. 

Krbinm salt, Er‘[(N()-)'PtJ*-|- thy *0.— Small yelloAV oblique four-sided prisms, 
easily soluble in water and permanent in the air. Another salt containing 21 mols. 
water is deposited from the mother-liquor in large reddish cvystils. 

Cerium salt, Co2[(NO-)‘Pt]*+ 18H-0.— Yellowish oblique four-sided tables or 
rhumboliedrons, easily soluble in water. The sfilt quickly undergoes alteration in the 
air ainl loses 15 mols. w'ater at 100°. 

Lanthanum salt, La*[(N()’)M’t]'‘ + 1811*0. — Closely resembles the preceding. Dis- 
solves very easily in Avater, and deliquesces in moist air. 

Lidymium salt, Di“[(NO*)Tt]*-h 1811*0.— Ke.sembles the two last. Easily soluble 
ill water ; permanent in dry air; loses five-sixths of its Avater at 100°. 

Plato-lodonltrites, K*N‘’O^PPL^K'-(NO*)-I*Pt (Nilson, /itr. x. 030; xi. 879). 
Idiesc salts arc formed by the action of iodine and alcohol on the platonitrites. When 
1 mol. iodine in alcoholic solution is- brought in contact with 1 mol. platonitrite of. 
potassium or barium, a dark brown- red liquid is formed, which, when left to evaporate, 
deposits small black crystals, probably of an addition-product ; but on heating the 
liquid to 30°-40°, it rapidly gives off gas, including aldehyde- vapour, becomes lighter 
in colour and finally amber-yellow, and when left to cAaporato yields crystals of the 
plato-iodouitrite. The potassium salt, K®N*0U*Pt + 2H*0, crystallises in large four- 
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sided, shining, amber-yellow prisms, which are permanent in the air, and give oflP 
nothing but their water of crystallisation at 100®. The platinum in this ssilt is not 
precipitated by hydrogen sulphide, or the iodine by silver nitrate. The harinm salty 
BaN'-^O^PPt + 4IPO, crystallises in beautiful oblique four-sided prisms having an 
amber-yellow colour and diamond lustre, permanent in the air, and giving off part of 
their water at 100°. Tlie silver salt is thrown down on adding silver nitrate to the 
solution of either of the preceding salts, as a' lemon-yellow precipitate which is very 
slightly soluble in water, and when left upon filter-paper, acquires a blood-red colour, 
being probably resolved into silver iodide and a platinonitrosylic acid. 

The other plato-iodoiiitrites are mostly prepared by the action of a metallic 
sulphate on barium platoiodonitrite. The silver, lead, and hydrogen-compounds are, 
however, precipitated from the barium salt by their respective nitrates, and the 
calcium and strontium platoiodonitrites are obtained from the platonitrites by the 
action of iodine .and alcohol. The silver, lead, thallium, and hydrogen salts are 
insoluble in water, the remaining salts are soluble. Most of the platoiodonitrites are 
very stable, and do not decompose at 100° ; others, however, split up into nitrite and 
platinous iodide. 

Enhidium 'platoiodonitritey Rb*N*0‘PPt + 2lI'0, forms large shining tabular 
crystals, ■which lose their water of cry.st.allisation at 100°. The casinm salt, 
Cs-N-O^PPt -I- 21I“0, crystallises in small prisms, which lose their 2 mols of water at 
100°. The ammonium salt, (NH^)“N‘0*I-Pt + 211-0, forms large tabular crystals, which 
decompose slowly at 70°, but rapidly at 100° into wjiter, nitrogen, and platinous 
iodide. Thallium platoiodonitritey Tr-N‘-0‘PPt, separates out as an insoluble crystil- 
line precipitite, when sodium platoiodonitrite is added to a solution of thallium 
sulphate. The sodium salt, Na-^N‘-0*l*Pt-t-4H-0, crystallises in large prisms, which 
lose their water at 100°. The lithium salt, Li‘^N-0‘I‘‘‘Pt + 6H**0, forms long deli- 
quescent prisms, which lose 5 mols. water at 100°. Tho calcium salt, CaN-0*PPt-l- 
crystallises in largo prisms, which only lose 1 mol. water at 100°. . The 
strontium salt, SrN‘‘*0‘‘PPt + 8H-0, forms large four-sided prisms which give off 6 mols. 
water at 100°. The lead salt, PbN'-^O'PPt-l-PbO’-H'-, is precipitated on the addition 
of lead nitrate to the barium salt. The 'maynesinm salt, MgN-0‘'PPt + SH’-'O, crystal- 
lises in large four-sided tables ; tho manganese s.alt, MnN-’Qijapt^f. gH'O, is deposited 
in irregular six-sided prisms, which are completely decomposed at 100°. Eickel and 
cohalt platoiodonii rites iovm. re.spectivcly green and yellow four-sided prisms, C()nt.aining 
8 mols. water, and decomposing at 100°. Tlie./errows salt crystallises in greenish- 
yellow four-sided prisms, containing 8 mols. water, and is decoinposf'd at 100°. 
Tho capper salt has not been obtained in tho pure state. Zinc platoiodomiriiCy 
ZnN‘‘'0*PPt + 81PO, forms four-sided prisms, which are decomposed at 100°. The 
ca(ZwM577i-compound, CdN-O'l-Pt-l- 2H-0, does not chango when heated at 100°. 

When mercuric chloride is added to barium platoiodonitrite, mercuric iodide is 
precipitated ; mercurous nitrate produces a dark-brown precipitate having the formula 
Hg-'N'^O^PPt + Hg'-'O -I- 9H'-0. 

Beryllium platoiodonitrite, Be^N=OU“Pt)’'f 18H*0, [Bo = 13-8], or BoN=*0^l2Pt + 
6H*‘'0 [Be = 9’2], forms small yellow crystals, which decompose at 100°. Tho alu- 
minium salt contains 27 mols. of water, and in other respects resembles tho preceding 
compound. The solution of the chromium salt decomposes on evaporation in a vacuum. 
Ferric platoiodonitritCy Fe‘(N‘-0‘PPt)®-l-6IPO, crystallises in greenish-yellow needles, 
which decompose at 100°. 

Yttrium platoiodonitritey YXN20‘I*Pt)®-t-27H*0, is a yellowish-groon deliquescent 
crystalline mass, which decomposes at 100°. Tho erbium and cerium salts contain 
18 mols. of water, lanthanum and didymium contain 24; in other respects theso 
platoiodonitrites resemble tho yttrium-compound. 

DiplatonitriteSy R*[(NO*)*Pt]-0, or ^ q ^ denoting a uni- 

valent metal. On attempting to prepare tho platonitrites of beryllium, iron, and 
indium in the manner above described, it was found that these salts could not be 
obtained, but that, instead of them, tho corresponding di platonitrites were produced, 
being formed from the platonitrites, with evolution of nitrogen trioxide, as shown by 
the equation 

2R*(NO*)*Pt = R*[(NO*^'^Pt]*0 -f 2RNO* + N^O*. 

Some of the platonitrites above described are also partially converted into diphito- 
nitrites when their solutions are heated. .The following diplatonitrites have been 
analysed : 

Beryllium salty Be[(N0*)-Pt]®0 -l-9H*0. — Red prismatic crystals, sparingly soluble 
in water, forming a bright-yellow solution. Loses two-thirds of its water at 100°. 
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Ferric salt, re®[(NO*yPt]*O* + 30H-O. — Eesombles the beryllium salt. Easily 
soluble in hot water. Loses four fifths of its water at 100°. 

In®(0H)*[(N0'‘*)‘^Pt]^0*4 10H*O. — Very small red needles sparingly 
soluble in water, forming an orange-red solution. 

/Silver Ag*[(N0*)'“Pt]'^.0. — Tufts of greenish very small four-sided prisms,^ 

insoluble in water. " 

Aluminium salt, AP(0H)=[(N0*)^Ptl<0*+ 10H*O. — Brilliant orange-red small 
needles, permanent in the air, easily soluble in hot water and alcohol. 

Chromium salt, Cr*(011)-[N0‘“)-Pt]^0-+ 24 IPO.— Small red crystals forming a 
greenish- violet solution in water. Gives off 18 mols. water at 100°. 

Tri^datoctonitrosylio acid, Pt*0(N0’^)‘'IP, is formed, with evolution of 
nitrogen trioxido, when an aqueous solution of platinonitrous or platinotetranitrosylic 
acid is loft to evaporate : 

3Pt(N02)^IP .. Pt»0(N02)*II4 + 2N20« + H"0. 

It is permanent at 100°, and forms a potassium salt. Pt*0(NO-)“K* + 2H‘*0, which 
crystallises in small oblique elongated four-sided plates, having a chrome-yellow colour 
and nacreous lustre, dissolves with moderate facility in warm water, and crystallises 
out again immediately on cooling. It is permanent in the air, and gives off nothing 
but its water of crystallisation at 100°. 


PirOSPHOPLATINIC COMPOUNDS. 

G. Quosnoville i^Monit. scient. [3], vi. 659) has studied the action of ammonia and 

CPPv 

aromatic amines (aniline, toluidino) on the compounds CPP = PtCP and | NPtCl-, 

CPP^ 

first obtained by Baudrimont, and further examined by Schiitzenberger (vii. 987, 
990). 

On adding ammonia to a solution of phosphoplatinic chloride, PCPPtCl*, in 
benzin, a w^hite precipitate is formed, having the composition P(Nli2)spt;N='ir‘.2HCl-h 
3NIPC1, but whether the ammonium chloride and the phosphoplatinum compound 
are chemically combined or merely mixed has not yet been decided, as the tw’o appear 
to bo. about equally soluble in water. The ciliyVw ether, P(OC’4p)*PtCP, obtained 
from the chloride by the action of alcohol, is acted on by ammonia in a similar manner, 
yielding the compound P(()C‘Il-’)®PtN'''lI^2HCl. The chloride, (PCP)'‘*PtCP, gives 
with ammonia the compound P-(NlI“)®.Pt.N'“II^.2HCl -i- 6NH^Cl ; and the corresponding 
ether, P‘(OC-H'»)«PtCl^ yields the compound P2(OC’'‘IP)«PtN2ir^2nCl. 

The action of the aromatic amines on the phosphoplatinic chlorides is somewhat 
different, yielding compounds soluble in benzene, but insoluble in water, and repre- 
sented by the formulae : 

P(NHC«H*)«PtCl=.NH'-C«n\nCl and P(NnC»H0PtCP.NH2C’HbHCl. 

They are decomposed by water, yielding respectively the compounds : 

P(NUC®H*)'»PtC10n and P(NHCGP)»PtClOH 

A similar action is exerted by aniline and toluidino on the ethers of phospho- 
platinic chloride, the product boinglho aniline-compound P(OC'-TP)*PtCr‘'.NII(C®H*), 
being converted by the action of potassium hydrate into P(OC-IP)®Pt(OH)'“.NII(C®II»). 

Amongst the products of the action of aniline on di phosphoplatinic chloride, 
(PCP)'-PtCP, only the compound P20(NHC«H*)^PtC19H could bo obtained pure ; it 
is formed when the alcoholic solution of the immediate product of the reaction is 
precipitated with water. 

.PtCP 

Diplat inophos^horic Chloride, PCP.2PtCP=sCPP^ | (D. Cochin, 

VtCl* 

Compt. rend. Ixxxvi. 1402). --This compound is formed by fusing phosphoplatinic 
chloride with platinous chloride. A considerable rise of temperature takes place, 
and the mass thickens, becoming nearly solid towards the end of the operation. The 
product dissolves in alcohol, forming the ether P(OC*H*)*.2PtCl*. The deep-red 
solution forms no precipitate with water oi^with ether, but with aniline, toluidine, &c. 
a reaction takes place, the mixture, when heated on the water-bath and then left to 
cool, depositing greenish or yellowish crystals which are free from phosphorus, and 
consist of PtCr‘‘.2C*'IPN or PtCl2.2C^H®N respectively. Tlie liquid separated from 
the crystals yields, on addition of water, a copious crystalline precipitate, consisting 
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of the compound P(OC2H*)*.Pt(C«H'NH)-.2HCl or P(OC*H»)».Pt(C'H^NH)-.2HCl 
respectively. 

The mcthylic and ethylic others of diphosphoplatinic chloride, (PCl“)'PtOP, yield 
with aniline and toluidine the following crystallised compounds : 

P'''(OC-H0®.Pt(C«II®NH)2.21I Cl 

P-’(OC;^Il^)«.Pt(C-irNll)2.2IICl; PV,OOIP)«.Pt(C«H'‘NH)*2HCl 
P*(OCH»)«.Pt(CWNH)2.2HCl. 

Platlno-tuDgrstates and Platino-molybdates (W. Gil)bs, Tier. x. 1384; Sill. 
Am. J. [3], xiv. 61). These salts, analogous to Marignacs silico-tiingstates (v. 915), 
are formed by boiling an acid tungstate or molybdate with platinic hydroxide. 

Sodiim 10WO*.PtO^4Na'’O + 2f5H-0, is obtiincd in this manner 

from sodium silico-tungstate, as a green solution, which turns red when concentrated, 
and ultimately deposits the salt in lino largo olive-green crystals. It is easily soluble 
in water, and forms llocculcnt or indistinctly crystalline precipititcs with the salts of 
the heavy metals and those of the higher alkaloids. 

Simultaneously with this green sodium salt, there is also produced an isomeric or 
metameric compound, which separates in large, crystals having a honey -yellow colour 
and diamond lustre, and forms the starling point of a second or yellow scries of 
platino-tungstates. The potassium, and ammonium salts of this yellow scries are repre- 
sented by the formula 10 WO*.PlO-. 4K‘“O + OII'^O and 10WO^PtO-.4(Nir‘)'“O +.12IPO. 

Sodium Plaiino-7nolybdate, 10MoO*.PtO*.4Xa“O + 29ir“0, obtained by boiling acid 
sodium molybdate with platinic hydroxide, likewise forms a green solution, and 
separates therefrom in amber-yellow Uibular crystals. It dissolves readily in water, 
and gives precipitates with salts of the heavy metals and alkaloids. The silver salt 
is pale green and crystalline. A second sodium salt, probably an isomeride, has like- 
wise been obtained. , t 

The free acids, obtained by decomposing the respective silver salts with hydro- 
chloric acid, are greenish or yellow-green compounds. 

PXiSOlfAST. The pleonasts of Latium exhibit, according to J. Strlivor {Zcitschr. 
Krf/st. i. 233), the forms 0, ocOco, ooO, 303, 202, 606, 30, 70, oo 03, yO®, among 
w'hich 30, 70, <»03, 202, 606, and 50^ arc new for spinel. The crystals arc rarely 
separate, being mostly imbedded in ejected blocks. 

PDbVMBOMAlTGAmTB. A sulphide of lead and manganese (in tlio collec- 
tion of the University of Glasgow), foimd in a * pocket’ in gneiss below a deposit of 
argontite. Sp. gr. = 4*01. Structure somewhat crystalline. Colour dark steel-grey 
with a bronze tinge when weathered. Easily oxidised by nitric .acid, slowly attackeil 
by boiling sulphuric and hydrochloric acids. Analysis gave 40 00 per cent, manganese, 
30*68 lead, and 20*73 S, agreeing very nearly with the formula PbS.SMnS (J. B. 
Hannay, Mincralogical Magazine, 1877, 149). 

PBUMIERZC ACID, (A. C. Oudemans, Liebig's Annalcn, clxxxi. 

154). An acid obtained from the milky juice of Plnmieriaacutifolia, an apocyanaceous 
shrub largely grown in J-iva and the other .Sun<la islands. The material examined 
by Oudemans was collected by do Vrij, \idio ev-.-iporatcd the fresh juice to dryness at 
100°, and obtained 30*6 per cent, of residue consisting chiefly of an organic calcium 
salt, a kind of caoutchouc, and resins. To isolate the calcium salt, the substiince was 
exhausted with petroleum-naphtha .and the residue heated with dilute acetic acid, 
which dissolved the salt, while parts of the plant and a humus-like mass remained 
behind. On concentrating the .solution, calcium salts of dilferont forms separate out, 
all, however, cont.nining tlie same acid. The free acid is obtained by converting the 
calcium salt into potissium plumier.ate, decomposing the latter with sulphuric acid, 
and extracting the solution with ether. It is rejidily soluble in .alcohol and freely 
but slowly in other. In cold, water it dissolves but very sparingly, and from a hot 
solution it separates in microscopic crystals, or on slow evaporation in indistinct 
crusts. It melts at 139°, an<l decomposes at a temperature a few degrees higher, 
giving off first water and acetic acid, then an oily distillate having the odour of 
cinnamic aldehyde, while a small quantity of a crystalline substance sublimes. When 
the oil is oxidised, a crystalline acid is formed. On molting plumieric acid with 
potash, an acid is formed, giving the characteristic reactions of salicylic acid. 

Plumieric acid is most probably a mcthoxyl-hydroxgcinnamio acid, 
C*lI*{OH)“(CH*OU)(COOH), and forms four series of salts, according as only the 
carboxylic hydrogen, or in addition one or more of the three hydroxylic hydrogens, is 
replaced by a metal. The tclrapotassic salt, C’®II®K^0® + 3H*0, forms monoclinic 
erystals, ooP, ooPoo, and OP, and is very soluble and deliquescent. On dissolving 
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the acid in ammonia and evaporating the solution under an exsiccator, crystals of a 
deliquescent salt are frequently formed, wliicli give, with silver nitrate, a precipitate 
containing 3 atoms of silver. On standing longer, the crystals disappear, and an 
amorphous residue is obtained, which is readily soluble and gives a silvor salt containing 
2 atoms of the metal. The calciummltt (C"’H®0*)-Ca + 811*0, is obtained by dissolving 
molecular proportions of the acid and the dicalcic salt in water and evaporating, when 
the salt crystallises in small hexagoivil pinacoiids. It dissolves in 200 pts. of water 
at 20°, and much more freely in boiling water. C*"II“CaO'‘ + 5H*0 exists in the juice 
of the plant and forms rhombic crystals, showing the faces oo P, co I* oo, f oo in OP. 
1 pt. dissolves at 20° in 400 pts. of water ; in boiling water it is a little more 
soluble, easily forming supersaturated solutions. (C'®II"0"‘)-Ca® + 8TPO was obtained 
in small thick prisms by adding lime-water to a hot solution of the last salt. A 
salt with 10 mols. of water was once obtained by exhausting the crude calcium salt 
with hot water. Silver salts. — O'^iPAg-O-’-i-H-O is a white crystalline precipitate; 
C'"IPAg"0^ + is a similar body crystallising from hot water in needles. 

When plumicric acid is oxidised by a dilute solution f)f chromic acid, it is resolved 
into formic acid (or carbon dioxide), and the acid, which is very sparingly 

soluble in water; its silver sail, C“H^Ag*’0*, separates from a warm solution in fibrous 
crystals. 

When plumicric acid is heated with water and sodium-amalgam on a water-bath, 
it combines slowly with hydrogen to form hydroplumieric acid, which 

on evaporation of its ethereal solution, separates as a varnisli, becoming ’crystalline 
on standing, and freely soluble in water. 

POBOCARPXC ACZD, C”IFW (Oudemans, Her. vii. 1122, 112o; Liebig\^ 
Aiinalrn, clxx. 213). A resin-acid, forming the principal part (at least 98 per cent.) 
of a ro.sin found by J. E. de Vrij in the trunk.of an old tree, Podoaarpus Cupressina, 
var, ?’7«incff/a(niumo), growing in J.ava. To obteiii the acid, the resin is dissolved in 
alcohol, and the solution, mixed with as much water as can bo added without producing 
turbidity, is left at rest for a few hours, whereupon it deposits white needle-sliapucl 
crystals, which may he nearly purified by four or five crystallisations from dilute 
alcohol. To obtain the acid quite pure, IioweV(?r, it must be converted into the sodium 
salt and s(?parated therefrom. 

Podocarpic acid crystallises from dilute alcoho]^ic solution, cither in thin rhombic 
plates exhibiting tho_ combination OP. ooP . ooPoo, or in more massive crystals 
formed of a prism oo f 76j[)f about C0°-66°, the basal face OP, and several alternately 
developed maci’odomcs Poo, wliich produce a striated ventricose surface. It is in- 
soluble in water, very slightly soluble in benzene, carbon sulphide, and chloroform, 
somewhat more soluble iii dilute acetic acid, very easily in alcohol, etlicr, and glaciiil 
acetic acid. It is optically active, its specific rotatory power at 15° for sodium light 
being -h 136°. It molts at 187°~188°, and resolidifies to an amorphous glass. When 
heated above its melting point, it volatilises slowly, diffusing a peculiar aromatic 
odour. At about 130° it is resolved into its anhydride and water: 2C”H‘-0‘^=- 
H-0 + and at a higher temperature it is decomposed in the same manner as 

its calcium salt {infra), excepting that in the Ciisc of the free acid the volatile products 
(carpene and paracresol) occur only in traces. 

Podocarpic acid forms three series of salts, represented by the formula : 

It decomposes the carbonates of the alkali -metals Avhon heated therewith, forming 
exclusively salts of tho first kind, even in presence of excess of alkali. The neutral 
solution of tlio acid in ammonia, from which silver nitrate throws down tho ssJt 
gives off ammonia on exposure to the air, and is converted into a hyper- 
acid salt ; with the fixed alkalis similar salts could not be obtained. Of tho sodium 
salts, tho only one which has a constant composition is 0*^Il‘'NaO® + TH'-'O. This 
salt forms long shining needles with rhombic transverse section, which give ofl 
6 mol. water over sulphuric acid, and dissolve in about 3 pts. water at 21°. For its 
specific rotatory power the following values have been obtained : 

f Concentration 0-046 [a]„ = -i-82'l® 

In aqueous solution Concentration 0-064 a]u = +78 8 

(Concentration 0-138 = +73 3 

In alcoholic solution ; Concentration 0-09 [aju = +86-1 
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The following podocarpatos havo also been analysed : 




(Ci7H«o»)2Ba + 

Ci7H2oo3Ba + 


i 3H»0 

1 4H20 

H^O 


3H-0 

811-0 

9IP0 

15IP0 

8H^0 


(C''H*'0»)i'Ca 

+ 

6JPO 

(C»U“0»)»Ca 

+ 

lOlPO 

C'^a»0»Ca 

+ 

arlPO 

(C'’H«0*Y-=Pb 

-f 

4U®0 

(jlTHaOTb 

+ 

U®0 

■(C”H»0>)=Pb) 
2C'’H®0» f 

+ 

lOlPO 

C»ii«iO«Ag 

+ 

2JH®0 


The mdhylic ether ^ C*'H-'0®(C1P), prepared from the silver salt, forms small 
granules, easily soluble in alcohol, molting at 174® ; the eihylic ether ^ C*’^H2*0*(C2I1*), 
slender needles, easily soluble in alcohol and chloroform, melting at 143®-! 46°. 

Decomjposiiion of Podocarpic Add lyy Heat . — When calcium podocarpate is subjected 
to dry distillation from short combustion-tubes, a tarry liquid is obtained, which, 
when distilled with small quantities of water as long us oil-drops continue to pass over, 
yields first a mobile liquid lighter than water, then a thicker liquid which sinks in 
water and dissolves in alkalis, whilst the greater part of the tar remains behind. 

The two volatile substances, which may bo completely separated by means of 
potash, consist of a hydrocarbon, C®H‘^ called carpene, and a cresol, which from its 
odour, its boiling point (202®), and the melting point (68®) of its benzoyl-derivative, 
appears to be paracresol. 

Carpene is a mobile liquid wdiich is lighter than water, smells like oil of 
turpentine and ciunamcne, and boils at ir)5®-167°. It dissolves readily in alcohol, 
carbon sulphide, and benzene, absorbs oxygen rapidly from the air, and is convt?rted 
thereby into an amorphous resinous body ?). Monohronio-carpem, 

is formed, w’ith evolution of H13r, on slowly mixing a solution of carpene (1 mel.)Mn 
carbon sulphide with bromine (1 mol.), also dissolved in carbon sulphide, and remains 
on evaporation as a syrupy liquid, stable at ordinary temperatures. THhy'ornocarpcne^ 
0'Tr'’'*Br^ produced by the further action of bromine, decomposes gradually, with 
formation of dark-coloiircd products. The vapours of both these bromine-compounds 
strongly attack the nose and eyes. The oxidation of carpene with chromic acid mixture 
or nitric acid docs not yield tercphthalic acid; whether any other aromatic acids are 
formed is a point not yet determined. 

IJydrocarpol.Q^^K^O . — The tar which remains after the carpene and cresol 
have passed over, boils in a vacuum at 220®, yielding a viscid yellow strongly refract- 
ing distillate, wliicli has a faint aromatic odour, and, w'hen exposed to the air, gradually 
becomes darker without notable dccompo-sition. This liquid is hydrocarpol ; it Is 
insoluble in water, but dissolves e*asily in alcohol, ether, benzene, and cfirbon sulphide ; 
also in alkalis, and is separated therefrom by hydrochloric acid. When boiled with 
nitric acid, it yields an easily decomposible nitro-prodnet, which has an odour of musk 
and crystiillises from alcohol with great difficulty in brown-red granules. Hydrocarpol 
when distilled under ordinary pressure partly goes over unaltered, and is partly 
resolved at about 360®-400® into carpene, metacresol, and small quantities of a solid 
phenolic substance, which makes its appearance towards the end of the distillation. 
The same products are obtained from the original tarry resi«liie if it be distilled under 
ordinary pressure instead of in a vacuum : ho n«o this tarry matter consists mainly of 
hydrocarpol. The solid phenolic body, mcthanthrol, molts at 122°. 

Free podocarpic acid when heated is first rcsolvo«l at about 330° into w'ater and 
the anhydride On continuing the heat, the same products are obtained as 

from the calcium salt, excepting that the volatile products, carpene and metacresol, 
are obtained only in traces. The gases formed at the same time consist of CO® (rather 
more than 1 mol. to 1 mol. of the anhydride), CO (about 0*7 mol. to the same quantity), 
and methane. Oudemans thinks it probable that in the distillation of calcium podo- 
carpate there is first formed a phenol, C'"H®®0, together with hydrocarpol, C'®H®"0, 
and that this phenol is then resolved partly into carpene and paracresol, partly into 
hydrogen (which is given off in the form of water) and hydrocarpol, which forms by 
far the largest portion of the product. These reactions may be represented by the 
following equations : 

(1) . C®*H«CaO® = CaCO» V CO C*«H®®0 + C*«H®®0* 

( 2 ) . c*®ii=®o = mv* + C'n"o 

(3) . C'^H^O = C“»II®"0 + IR 


* The same equation, with omission of CaO, will apply to the decomposition of podocarpic 
anhydride, 
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Tho mothanthrol, C'*il*'‘*0* is formed by a secondary reaction, probably thus 
3C>«1P0 = C'^H'20 + 2C’H"0 + 2C“H" + CI^, 
which likewise accounts for tho occurrence of methane. 

Podocarpic acid, distilled with yields mothantlireno, G=*H‘“ (p. 1301). 

XTitropodocarplc Acids. By the action of nitric acid on podocarpic acid two ^ 
nitro acids are produced, which also* form w'ith the alkalis salts containing 1 and 2 
atoms of metal ; the monometallic salts are of a fine red colour ; the bi-metallic salts 
are honey-yellow and loss stable. The ammonium salts readily give oif the whole of 
their ammonia. 

Mono7iiiropodocarpic acid, C-^H'''*(N0*)0®, is best prepared by prolonged 
heating of podocarpic acid Avith dilute nitric acid (1 pt. nitric acid, sp. gr. 1'31 to 6 or 
6 pts. water). It forms small irregular crystals, insoluble in water and in carbon sul- 
phide, very slightly soluble in chloroform and benzene, sparingly in cold, somcAvhat more 
freely in boiling alcohol, molting at 20a°. The dipotassiiim salt, C*^H'''(N()-)0»K- + 
6^H*0, crystallises only from solutions coiibiining excess of alkali, in red needles with 
green refiex, easily soluble iii water and in alcohol. The monojwtassmni salt exists 
only ill alcoholic solution, being decomposed, on evaporation or on addition of water, 
into tho free acid and the dipotassium salt. The disodiiim salt, C‘^H*"(N0-)0='Na“ + 
9ll“0, forms cinnabar-red laminae, eiisily soluble in water and in alcohol. The 
diatmnoiiiuin salt, G'Ul*'-’NO'‘(P(NH‘‘)‘'* + 4H*0, forms garnct-red monocliiiic crystals, 
whicli are decomposed by contact with the air and by water. The 7 nonohariuni salt, 
C'Ul*-'(N0*)0*Ua + 711-0, is obtained in red needles an inch long, on cooling a mixture 
of tho warm solutions of the dipotassium salt and barium chloride. It also crystallises 
Avith 3 mols. Avatcr in small brown spherical groups, or is precipitated oil adding 
barium chloride to a very strong solution of the nitro-acid in ammonia, as a fine dark 
carniinc-coloured poAvdor, which, while suspended in the liquid, gives it the appearance 
of arterial blood. Tho hemibarhm salt, [C*’ll“«(N02)0»]“Bii + 4H-0, forms yellow 
iieetnes, springly soluble in water and in cold alcohol. The monocakmn salt, 
C‘‘JP''(rj0'-*)0*Ca + 4lP0, crystallises iu slender orange-red noodles, nearly insoluble 
111 water'. 

DUiitropodocarpic acid, C‘’H«»(N02)20», is produced by cautiously heating 
podocarpic acid Avith nitric acid of sp. gr. 1*34, or in a slate of greater purity, by 
boiling sulphopodocarpic acid Avith nitric acid. It forms pale yellow crystals similar 
in shape to those of potassium ferrocyaiiide, but probably belonging to the ortlib- 
rnombic system, it is insoluble in w'ator, sparingly soluble in chloroform, benzene, 
and csirl^on sulphide, moderately soluble in alcohol. Melts at 203°. Becomes broAvu- 
ish in sunshine. The dipoUissium salt, C”H‘“K2(NO-)'-0* + 6IPO, crystallises only in 
presence of free alkali. It is very soluble. The inonoharmm salt, C ai''’Ba(NO- ;=()=• + 
4H'-0, separates from a moderately concentrated ammoiiiacal solution of the dinitro- 
acid mixed with barium chloride, in shining, brown-rod, strongly polarising rlionibic 
laminm. It is nearly insoluble in water and in alcohol. The diargmtio salt, 
G‘'ir*»Ag'-(N0‘)-0=' + 411=0, is precipitated by silver nitrate from a boiling solution of 
the barium salt in orange-red coloured fiock.s. 

Amidopodooarplc Acids aro formed by treating tho nitro-acids in alcoholic 
solution with tin and hydrochloric acid, but they are very unstable, and liaA'o not 
been obtained in a state ot puirity. Hydrochloride of nionoamidouodocarpic acid has 
tho coirjpositiou 

Sulphopodocarpic Acid, is formed bv gently heating podo- 

carpic acid Avith 3 pts. sulphuric acid. On adding water, the' unaltered podocarpic 
acid separates out, and the sulpho-acid remaining in solution may bo freed from excess 
of sulphuric acid by means of barytii. The red aqueous solution of sulphopodocarpic 
acid ^ exhibits a splendid fiuorcscence, red, blue, or emerald-green, according to tho 
particuh^ conditions of the preparation. The solution of the pure acid is not fluor- 
escent ; it dries up in the exsiccator to an amorphous mass having the composition 
0”H=»(S0»H)0* + 811*0. Kven very dilute solutions of this acid give, Avhon boiled 
with traces of nitric acid, a precipitate of dinitropodocarpic acid. 

Sulphopodocarpic aci«l is a strong acid, and forms two series of salts. Thod/sof//tm 
salty C''H**Na=(S0*H)0® + 7H=0, forms rosettes of easily soluble crystals. The 
harium salt, C”Il**Ba(S0=II)0® + 8H=0, crystallises in Avhite lamiiUL*, unctuous to the 
touch, very soluble in boiling water and iilcohol, less soluble in cold water. The 
hemiharmm salt, [C*^Il=®(S0“H)0“]=Ba -p 311=0, prepared by treating the preceding 
salt with acetic acid, is much less soluble. Thamonocalciim salt, C*'H'»0a(S0*H)0® + 
7H*0, forms thin laminae, for tho most part concentrically grouped. 

Sthylbromopodocarplc Acid, C”H»(C=ll')Brp». When bromine (2 mols.) is 
added to podocarpic acid (1 mol.) immersed in carbon sulpbide, streams of hydrogen 



1660 


PODOPHYLLUM— POLYDYMITE. 


bromide are given oif, and the resulting bromo-substitution -product dissolves in the 
liquid ; but the solution when evaporated leaves a residue which cannot be made to 
crystallise. When, on the otlier liand, solutions of podocarpic acid and bromine in 
ether containing alcohol are mixed together, the mixture, which becomes warm and 
soon loses its colour, leaves on evaporation a resinous residue which suddenly 
becomes crystalline. The product thus obbtined separates 1‘rom warm alcohol iu 
rather largo shining cryslnls consisting of an dlcoholale of cthylbromopodocarpio acid^ 
C”H-'’(C'-II^)J3r0“.C‘lI“0. This compound melts at a temperature above 80®, and 
after prolonged heating leaves ethylbromopodocarpic acid as a white crystalline 
powder, which melts at 168®, and forms with alkali-solutions salts which dry up to 
gelatinous masses. 

Acetylpodocarpic Acidi formed by the action of acetyl 

chloride on podocarpic acid, crystallises in small needles, melts between 150® and 152®, 
and resolidifies to a transparent resin. 


Constitutionof Podocarpic Acid. — From the formation of the substitution-derivatives 
above described, and from its mode of decomposition when heated alone, and with 
zinc-dust, Oudemans inftu’s that the constitution of podocarpic ucid may be most 
simply represented by the formula : 

C»H=(011)(C001I)(CIP)(C®H‘») ; 

moreover, that the radicle C’H'* is most probably an addition-product of benzene, so 
that this formula may bo resolved into one of the following, W’hich represent it as a 
derivative of diphenyl : 

c«n’(C()‘^n)(ou)(ciP) c«n'-’(co=ii)(Oii)(cn») c“ir-(co-ii)(onxcH») 

C«H2(il •)(CIP)» C«H>(IP)(C1P)(G=‘H^) C'ai‘(U‘)(C’H0 

The resolution of calcium podocarpate by hoiit into CaCO®, and C^JPO may 

perhaps be most readily explained by assigning to podocarpic acid the structure 
represented by the following formula : 
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The formation of paracrcsol by the dccompo.sition of po(loc;Lrj)ic acid shows that 
the radicles OH and CH“ must bo in the relative positions 1 .* 4. 

POSOPHYXi&UlIK. On the constituents of Podophyllum pclfafum, see W. C. 
Busch {Pharm. J. Trans. [3], viii, 421 ; Chem. Soc. J. xxxiv. 325). On the Colour of 
Podophyllum resin, as afl’ceted by its state of aggregation, see Spnier a. Lowe [Pharm. 
J. Trans. [3], viii. 443; Chnn. iSoc. J, xxxiv. '320). Accor ling to F. B. Power 
{Pharm. J. Trans. [3], v. 241), tlie resin extracted from podophyllum by alcohol may 
be separated into Uvo different substances, one df which is soluble in ether, the other 
insoluble. The soluble portion acts on the organism much more powerfully than that 
which is in.soluhle in ether. 

POXiYDTlIKXTS. A native sulphide of nickel, crystallising in the regular 
system, in octohedrons which are. polysyiithetically twinned, the twin-plane being a 
face of the octohedroii. Most of the crystals arc tabular, tlirough predominance 
of the face parallel to the twin-plane, and there arc also prismatically developed 
octohedrons. Cleavage incompletely cubical. Fracture uneven to conchoidal. 
Hardness = 4 — 5. iSp. gr. 4’808-4'816. iSomewhat sectilo. Colour on freshly 
broken surfaces light stccl-grey, becoming very .soon dark-grey or yellow\ Decrepitates 
before the blowpipe ; fuses on charcoal to a hlacki.sh-green magnetic bead. Dissolves 
in nitric acid with separation of sulphur; does not dissolve in hydrochloric acid, but 
enclosed bismuth-glance is dissolved out by this acid. Strong metallic lustre. 
Chemical composition as follows : 

N1 (^u Fu S As Sb 

63-608 0*606 3844 40*270 1 041 0*608 = 99*777 

This analysis load.s to the general formula, IPS*. Polydymite is found in veins of 
other ores atSayn-Altenkirchen, accompauied by millerite, bismutli-gl-mco, zinc-blende, 
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gorsdorffite, and ullmannite, lying on a layer of spathic iron and quartz. On one 
specimen the crystals were found to have lost their metallic lustre, and to have been 
converted into a reddish-brown substance. On breaking some of these pseudomorphs, 
it was observed that they were penetrated by fresh acicular inillerite. A careful 
examination of these crystals leads to the inference that the polydymito and millerito 
were formed simultaneously (U. Laspeyres, J. pr. Chem. [2], xiv. 397 ; Jahrb.f. Min, ” 
1876, 737 ; 1877, 296). 

POIbYBAZiZTlS. This mineral, from Stebnik in Galicia, has been analysed by 
M. V. Lill. A. gives the direct results of analysis ; B. the corrected values, after 
deduction of ferric oxide and sodium chloride : 

CaSO* MgSO* K“SO* NaCl re"0“ H“0 

A. 44*47 20*22 27*14 l*(il 0*04 6*2o = 99*73 

B. 45*22 20*56 27'6{) — — 6*35 = 90*73 

G. Krause {^Arch. JPhann. [3], vi. 325) has analysed polyhalito from Stassfurt, 
with the following results, A. and B. denoting as above : 

CaSO* lilKSO* K“SO‘ KaCl Insol. H*0 

A. 3*2*53 13*11 24*82 18*17 0*95 10*58 = 100*16 

B. 40*14 16*17 30*62 — — 13*05 = 99*98 

POXiYMERlSBC. On Physical Polymerism and Isomerism, see 0. Lehmanr 
{Zdtschr. Kryst. 1877, i. 97-131 ; Jahresb.f. Chem. 1877, 31-40). 

On the inlluenco of Polymerisation on Chemical Compounds, see J. Lowenthal 
{Chem. Cmtr. 1877, 193; Chem. Soc.J. xxxiv. 108). 

POXiY]ICORPHZS1M[. On the polymorphism of Elementary Bodies, see R. 
Hermann (J. pr. Chem. [2], xvii. 289 ; Chem. Soa. J, xxxiv. 702). 

^ POEYPORUS. G. h’loury {Pharm, J. Trans. [3], vi. 869) found in Polyporus 
offiJlnalis the following constituents : 


Water 9*200 

Resin and Agaric jvcid 60*584 

Another resin with Magnesium Sulphate 7*282 

Resinous body with Lime and Magnesia . . . . .2*514 

Nitrogenous substance with Salts 1*900 

Oxalates, Malates, and Phosphates of Calcium and Iron . . 1*058 

Nitrogenous substance, soluble in Potash .... 7*776 
Pungiii 9*686 


100 

POEYPORZe ACZD, C“H^O* (C. Stahlschmidt, Liebig's Anmlen, clxxxvii. 
177). An acid contained in a fungus belonging to the genus Polyporus, whicli grows 
on the bark of diseased or dead oaks : it occurs in large quantity, amounting to 43*5 
per cent, of the dry fungus. The fungus is semicircular, and rests directly on the 
bark without a stalk ; it is of an ochre-yellow colour when dry, brownish-yellow in 
the moist state, and is coloured deep violet by dilute ammonia, wlicnce Stahlschmidt 
proposes to call it Polypoms purpuraccus. The violet coloration is due to the form- 
ation of ammonium polyporalo. 

To prepare the acid, the fungus^is washed with wsiter, and then steeped in dilute 
ammonia for twenty-four hours. By this means the acid is converted into its am- 
monium salt, which is soluble in wJitor, though the acid itself is totally insoluble. 
The ammonium polyporate is next decomposed by hydrochloric acid, and the precipi- 
tated acid, after filtering and washing, is treated with caustic potash, and thus con- 
verted into potassium polyporate, which is washed for some time with caustic potash, 
in which it is insoluble. It is then washed with alcohol till free, as fiir as possible, 
from potash, and dissolved in hot water. Carbon dioxide is passed into the liquid to 
convert any remaining traces of potash into the carlw^nato, and it is then crystallised 
several times. The polyporic acid is finally precipitated by hydrochloric acid. 

Polyporic acid has the colour of the fungus, and is totally insoluble in water, so 
that the ■ slightest trace of a soluble polyporate shosvs a turbidity on addition of an 
acid. The soluble polyporates might, therefore, bo used as indicators in alkalimetry. 
The acid is also insoluble in other, bonz(Hie, bisulphide of carbon, and acetic acid. 
It dissolves very slightly in chloroform, amyl alcohol, and boiling (95 per cent.) ethyl 
alcohol. From the latter solvent it crystallises in small rhombic plates, which 
exhibit a lively bronze colour w’heii dry. It contains no water of crystallisation, and 
becomes strongly electrical when rubbed in the dry state. It may be heated without 
change to 220°, but at a higher temperature it melts, and sublimes with partial 
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decomposition, eTolving a smell of heated or burning oak-branches, and after a while 
that of bitter almond oil. 

Reactions. — 1. When polyporic acid is added to a cold mixture of potassium chlorate 
and hydrochloric acid, it is converted into a bright-yellow compound, soluble in 
alcohol ; but if the acid is added to boiling hydrochloric acid, and potassium chlorate 
is introduced little by little, an oily body gradually forms at the bottom of the vessel, 
becoming solid on cooling. This body is partly soluble in boiling water, and the 
solution deposits snow-white feathery crystals easily soluble in caustic potash, and 
apparently consisting of a chlorinated acid (34*5 per cent. Cl). The part which is 
insoluble in water dissolves easily in alcohol, and crystallises with great facility in 
long slender needles of a golden-yellow colour. Healed w'itli caustic potash, it 
evolves a smell of bitter almonds, and forms a dark -red substance totally insoluble in 
alcohol, ether, alkalis, &c. The yellow compound (containing 38*7 per cent, of 
chlorine) is decomposed on heating, and emits a smell of benzoyl chloride. A third 
body is found in the alcoholic mother-liquor of the original solution, and remains 
behind as a thick oil on evaporation of the alcohol. 

2. When potassium polyporate is boiled for some time with pxc(?ss of concentrated 
caustic potash, the violet colour of the solution gives way to a yellowish-red, and the 
smell of bitter almonds becomes perceptible. On cooling, line colourless needles are 
deposited. The alkaline solution becomes turbid on addition of hydrochloric acid, 
and on standing a dull-yellow body separates, which is soluble in alcohol, and unites 
with alkalis. 

3. Addition of zinc-dust to an alkaline solution of potassium polyporate renders 

the solution colourless, but it becomes red again on exposure to air. When ammoni urn 
polyporate, mixed with excess of ammonia, is left at rest, a decomposition or altera- 
tion of the acid takes place, and the liquid becomes blue and fluorescent. At a higher 
temperature the change takes place more quickly, and a brown insoluble body is 
formed. .. •• 

4. By heating potassium polyporate to a high temperature with zinc-dust, benzene 
is produced, a reaction which -when viewed in connection with the behaviour of the 
acid to caustic potash, points to the conclusion that polyporic acid belongs to the 
aromatic group. 

Salts of Polyporic Acid. — Polyporic acid forms salts with all the bases. The easily 
soluble salts — those of the alkali-metals and .ammonia —fonn violet solutions, which 
cannot bo distinguished in appearance from a concentrated solution of potassium 
permanganate. All the salts are decomposed by the stronger acids, even by acetic 
acid, at ordinary temperatures, with perfect separation of the polyporic acid ; but 
when polyporic acid is boiled w’ith potassium or sodium acetate, the acetic acid is 
expelled, and a polyporate is formed. All the polyporates, except that of ammonium, 
can be heated above 200°, without decomposition. 

Potassium polyporate, C®H®O^K -t- IPO, crystallises in the form of gypsum. It 
does not give off its w'ater of crystallisation when dried over sulphuric acid, but loses it 
completely when heated to 120°. The sodium salt, C^JPO^Nta + IPO, obtained by 
neutralising the acid with dilute caustic .soda, is insol ublo in concentrated caustic 
soda, and loses its ■water of ciyHtJillisatioii at 180°. The ammonium salt, 
loses not only its water of crystallisation, but also the whole of its 
ammonia, by long standing in the air, or by licating to 100°. The barium salt, 
(C*lI®0*)'‘‘Ba + 4I1'‘‘0, loses 2 mols. of water at 120*", and the other two at 150° to 160°. 
If the salt containing 4 mols. of water is boiled for a time, another sJilt is precipitated, 
■w'hich has the composition (C‘-'ll®0‘^)*Ba-f 2H-0. This is also quite insoluble in 
water, has a metallic lustre, and loses its water of crystallisation at 180°. The 
struntitim salt, (C®JI®0'‘')‘‘’Sr + 411*0, is insoluble in water. It is not altered by boil- 
ing, but is converted by a heat of 120° into a salt of the composition (G“H®0‘*)'‘*Sr + H*0. 
It loses the last molecule of water at 180°-200°. The calcium salt, (C"H®0'‘^)'‘'Ca + 3H"0, 
is slightly soluble in water. At. 120° it loses 2 mols. of water, and leaves a salt of 
the composition (C®H®0'‘*)*Ca + H-0. At 180° it becomes anhydrous. The magnesium 
salt, (C®Il®0®)*Mg + 3H2(3, is so sparingly soluble that ammonium polyporate can be 
used for the separation of magnesia from the alkalis. The silver salt, C“H®0*Ag, is 
quite insoluble in water, and cannot bo distinguished in appearance from the acid 
itself. It is anhydrous, and undergoes no change by boiling with water or heating 
to 150°. All the other metallic polyporates are insoluble amorphous precipitates. 

Methyl polyporate, G*H®02.CIP, obtained by the action of methyl iodide on silver 
polyi^rate, may bo crystallised from boiling alcohol of 05 per cent. ; it molts at 187®, 
and is decomposed by heating with potash or ammonia, yielding the corresponding 
polyporate. The ethylic ether, prepared in like manner, melts at 134°. 
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Aoet<ypoljjponc acid, C*H*0*.C*H®0, is formed when polyporic a«id is heated to 
160®-! 70° in closed tubes, with excess of acetic anhydride. It melts at about 205°. 

Polyporic acid is violently acted on by concentrated nitric acid, but the products 
of the reaction have not yet been fully investigated. 

POXiTTBZOXf ZC ACZDS. Sec SuLFunu, Oxyoen-acius of. 

POZiYTBY'llIOQVZWOlirzs. See Thtmoquinonb. 

POMfiGBAXTATEf AZiKAXiOZBS OP (Tanret, Compi. mid. Ixxxvi. 1270; 
Ixxxvii. 358; Ixxxviii. 716; J. Pharm. [4], xxviii. 384). Pelletierine, 
C»H'“N0. This base, w:hi(*h appears to be the taeuicido principle of the pomegranate, 
is prepared as follows : The bark of the tree is roughly powdered, and mixed with 
milk of lime to a thick paste, which is washed with water ; the liquid is shaken with 
chloroform ; and the chloroform solution is treated with a dilute acid, whereby a 
salt of pelletierine is formed, from which the free base may bo separated by treatment 
with potassium carbonate and agitation with chloroform, the resulting solution, when 
- evaporated, leaving the base as a colourless oily mass boiling at about 180°. It may 
be purified by dissolving it in ether, distilling the ethereal solution in a current of 
hydrogen, keeping the residue at a temperature from 130°-140°, until water is no 
longer given oif, and then raising the heat to 180''-18G°, at which the alkaloid begins 
to distil. It is thus obtained as a colourless liquid, which quickly becomes coloured 
in the air. Its sp. gr. is 0-999 at 0°, and 0-985 at 21°. It dissolves in water, with 
contraction, a mixture of 1 pt. of pelletiepirie and 2*5 pts. of water having a sp. gr. == 
)-021 at 21°. The alkaloid is dextrogyriite, its power of rotation [a] = + 8, and in 
the form of the pure sulphate +15-9. With potassium dichromate and sulphuric 
acid it gives a deep green coloration. With hydrochloric acid it fumes like 
ammonia. 

Pelletierine is a mono-acid base, the formula of its hydrochloride being 
C“lI‘®NO.HGl, and that of its sulphate (C*II“NO)®H®SO^. Its salts are very hygro- 
saopje, pure white when crystallised in dry air, otherwise coloured ; they have a faint 
odour of the base, easily become acid, and have a bitter and aromatic taste. 

2. Pomegranate bark contains three other volatile alkaloids, which may be separated 
in the following manner. The pow'dored liark is mixed with milk of lime and treated 
with water; and the solution is sliakon with chloroform, which in its turn is shaken 
with a dilute acid. A solution conUiining a mixture of the alkaloids is thus obtained, 
which is dextrogyrate, Imvogyrate, or inactive, according to the bark used. To 
separate these alkaloids, the solution is treated with sodium bicarbonate and saturated 
with carbonic anhydride ; it is then shaken with chloroform, and the latter with dilute 
sulphuric acid. This solution, which is dextrogyrate, contains the sulphate of a 
dextrogyrate liquid alkaloid and of an inactive soli»l alkaloul. 

Ily treating the solution in .a similar manner, but using caustic soda instead of 
.sodium bicarbonate, a Iievogyrate solution is obtained, which, aftcT evaporation in 
a vacuum over sulpliuric acid, leaves a crystalline .sulphate of a Isevogyrato liquid 
base, and an uucr^'stallisablo sulphate of an inactive base. These may be separated by 
filtration. The active sulphate possesses the rotatory power [a];=: —30°. 

Cry.slalUne Base. —By decomposing with an alkali the doxtrogyrato solution al»ovo 
described, treating the product with chloroform, and evaporating off tlie latter, 
crystals arc obtained, which may bo purified by rccrystallisation. Prom an aqueous 
solution, prismatic crystals are dep(»sited, having the formula C®H*^NO + 4H‘-’0. The 
hydrated base melts at 40", but canjje cooled to 37° without solidifying. It boils at 
246°, and is soluble in alcohol, ether (9 pts, at lO*^), water (2 5 at 10°), and chloro- 
form, which extracts it from its aqueous solution. It is a strong base, expelling 
ammonia from its salts, .and precipitating alumina, baryta, and lime, but not mtig- 
iicsia. It gives all the characteristic reactions for the alkaloids, and with sulphuric 
acid and potassium dichromate gives, like pelletierine, a deep green colour. 

The hydrochloride, C’*IP*N0.1IC1, crystallises in rliomboheclrons, and is soluble in 
its own weight of water at ] 0°. Thei sulphate, CTP^NO.HSO '+ llPO, crystallises with 
4 mols of water, which it loses over sulphuric acid. At 10° it is soluble in less than 
twice its weight of water. The platinochlmide (C®H*®NO.HCl)*.PtCP, crystallises in 
reddish-yellow needles, 

A base called granatine is mentioned by Durand {J. Pharm. [4], xxviii. 168) as 
obtained from dried pomegranate bark which had been kei>l. for a year. 

POOXZABZiZTS. A variety of scolecite occurring, together with apophyllite, 
in melaphyro-conglomerate, at Poonah in India. Its analysis (A) agrees with the 
scolecite formula, Ca0.Al*0*.3Si02+ 3H*0 (B). 

SiO» A1“0* CaO Nb»0 K»0 H*0 

A. 46-91 26-93 13-33 0*22 0-08 13*83 = 100*40 

B. 45;80 26*21 14-25 — - — 13*74 = 100 

(Petersen, Jahrb.f. Mm. 1873, 862). 
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POP&iiR. The buds of several species of poplar yield by distillation a volatile 
oil, the greater part of which boils at 260°-261°, and agrees in composition with the 
formula C*H* (Picartl, Her. vi. 1160). 

On Chrysin and Mcthyl-chrysin^ or Tccto-chrysiny obtained from poplar buds, see 
p. 465 of this volume. Populin and Salicin have also been obtciined from these buds 
(Picard). 

POPPT. According to Hesse (Lieb. Ann. clxxxv. 329), the milky juice of the 
unripe capsules of the red poppy {Papaver Rhesas) leaves on evaporation about 34 per 
cent, of diy matter, in which no trace of morphine or any similar alkaloid can be 
detected. It contains, however, 2*1 per cent. rhaadiTve^ and traces of other partially 
crystallisablo iilkaloids. 

The composition of the ash of poppy-petals has been determined by C. J. Warden 
{Chcni. AVws, xxxiv, 27) with the following results, after deduction of CO% sand and 
charcoal : 

K®0 KCl NftCl CaO MgO FeW Al»0» SO“ P*0® SiO* 

41-76 12-29 1-21 1072 5 61 3*86 1-23 3 85 5 61 13-86 - 100 

On Respiration in the Ripening Fruits of the Poppy, see Plants (p. 1640). 

PORCEKAXW. Ecmarks on the structure of porcelain have been made by 
II. Behrens {Pogg. Ann. cl. 386). Ho considers that, in the firing of porcelain, only 
the queartz-grains in the mixture remain unaltered, whilst all the other constituents 
are fused at the high temperature of the furnace, and partly yield products of devitri- 
fication. The translucent Japanese porcelains have essentially the same quantitative 
composition as the European, but the undccomposed vitreous mass predominates in 
them. 

According to Salv^tat (Moniteur de la Ceramique, 1873, No. 11; Dingl.pol.J. 

ceix. 468), porcelain is so porous that its entire mass may be coloured by prolojigwd 

contact with the solution of a colouring matter. Porcohiin which had stood for some 
days with its unglazed foot in a solution of fuchsine, exhibited in reflected light the 
white colour of the glaze, but appeared of a fine red by transmitted light. 

On the preparation and composition of Japanese porcelain, see II. Wurtz {Amer. 
Chemist, vii. 218). On the history and manufacture of Chinese porcelain : A. Heintz 
(Duigl, pol, J. ccxxi. 156). 

PORPBTRT. The porphyries of Lake Lugano have been examined by B. 
Studer {Jahrh.f. Min. 1875, 881). The following are analyses of a rod porphyry (A) 
and a black porphyry (B) from the railway-tunnel near Maroggia : 1. Aiialy.scs by 
Schwarzeribach. 2. By v. Fellenberg. 3. The same, corrected, after deduction of 
bases (as carbonates) extractable by cold acids. 




SiO* 

APO> 


CaO 

MgO 

MnO 

K*0 Na»0 

X(«) 

YC) 

A. 

1. 

74-71 

11-27 

4-345 

1-64 

0-36 

— 

3-89 

3-69 

— 


2. 

71-74 

12-60 

2-45 

2-30 

1-24 

084 

4 T 4 3-41 

3-50 




3. 

70-18 

12-33 

2-4() 

0-38 

0-26 

0-82 

4-05 3-84 

0-93 

5-31 

B. 

1. 

65-47 

15-15 

10-64 

1-61 

0-34 



3-65 

3-10 



2. 

61-67 

16-38 

6-31 

2-57 

3-02 ^ 

0-30 

4-22 3-65 

3-31 




3. 

60-80 

16-15 

6-22 

0-62 

2-48 

0-30 

4-lC 3-60 

1-23 

4-44 


(*) Water or Loss by Ignition. (®) Carbonates. 


Sp. gr. according to v. Fellonbe^: A -2-645; B = 2-6598 at 15°. 

The mineralogical composition of these porphyries has been calculated by 
V. Fellenberg from his own analyses, with the following results : 1. With the carbon- 
ates ; 2. After deduction thereof. 



Al. 

A 2. 

Bl. 

B2. 

Orthoclase . ^ . 

. 33-78 

35-67 

59-21 

61-03 

Oligoclase. . ’ . 

. 27-01 

28-53 

30-35 

31-29 

Quartz 

. 30-76 

32-39 

— 



Magnetic Iron oxide 

. — 

— 

6*22 

6-41 

Ferric oxide 

. 2-40* 

2-53 

— 



Water 

. 0-93 

0-98 • 

1-23 

1-27 

Carbonates 

. 5-31 

— 

4-44 

— 


100-19 


100 


101-45 


100 
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Tlio following Jiro nimlyses of porphyry from various localities : (l-.'i) from the 
/iceiitine (A. v. Lasaulx, Min, Mitth. 187J1, 70): 1. Non-quartffiferous Porphyry 
from Pievo. Sp. gr. 2^59. (2). Porphyrite from the Guizze di Schio. Sp. gr. 2’67. 
(3). Porphyry from Fongara. The indurated argillaceous ground-mass contains 
felspar and mica, but no quartz. Sp. gr. 2*586. (4). Decomposed rock from the-i 

Rasta del Rccoaro, probably a decomposition -product of No. 3. Sp. gr. 2*589. 
(5). Pitchatone-porphyry from La Rasba. Sp. gr. 2*466. 

(6-8). From the m-iglibourhood of Roanne, Loire, Franco (A. Guyerdet, Bull, Soc, 
Chim. yeol. [3], i. 499). 6. Porphyry from Saint- Just-eii-Chevalot. The orthoclastic 
ground-mass encloses large orthoclasos, small oligoclasos, black mica, and very 
frequently lamelhc of a green talc (pinitoid?). Sp. gr. 2*23. 7. Porphyry from 

Boon-sur-Ligron. The felspathic ground-mass (probably oligoclaso) encloses oligoclase, 
numerous black micas, talc (pinitoid), and rarely quartz crystallised in double 
pyramids. Sp. gr. 2*85. 8. Grey porphyritic Kurile from La Bombarde near 

St. Romain d’Urffi. The ground-mass, probably anorthite, encloses anorthite, 
oligoclase, hornblende, and quartz. Sp. gr. 2*17. 

9. From Rockhampton in Queensland (Daintree, Gaol. Soc. Qu. J. xxviii. 271). 

10. Hornstone-porphyry of the Salband from the vein in the Kestenthalriicken 

in the Harz. Sp. gr. 2-697-2*701. 11. Rock resembling granite-porphyry from 

tlie middle of the vein. Sp. gr. 2*68 (Lossen, Zoitschr. yeol. Gca. 1874, xxvi. 856). 

12. Granil-c-porphyry from Boucha, near Leipzig. 13. The same from Alton berg, 
in the Krzgebirge (Baranowski, Zeiischr, geol, Ges. xxvi. 522). 

(14-15). Porphyry from Muldcnstoin, between Bitterfeld and Jessnitz (K, Reichardt, 
Arch. Pharm. [3], v. 310). 14. Solid rock, greyish- white, with rusty spots on the 

fractured surfaces. 15. The same weathered and easily crumbled. 

(16, 17). From South Tyrol (C. v. Hauer, Ver, geol. Bekhsanst. 1875, 331). 16. 
lied orthoclase-porphyry from the Canz.icoli, near Prodazzo. 17* The same from 
Carnon, near Predazzo. 

18. Mica-porphyry from Rohrbach, in the Black Forest of Baden. The dense 
ground-mass encloses .specks of blacki.sh-greon mica. 1 9. Hornstone-porphyry from 
Jvesselbcrg, in the Black Forest ; analysis by F. Gcremont : a. Total analysis ; 
b. Portion soluble in hydrochloric sieid. 20. Porphyritic rock near St. Miirgen, in the 
Black Forest ; tinalyscd by K. Meisinger: a and b as above (Vogelgesang, Jahresb. f. 
Chem. 1873, 1213). 


1 

SiO« 

(U-07 

TiO=> 

A1*0» 

18-50 

Fc*0> FcO 
2-GO — 

MnO 

MkO 

1*08 

CaO 

2-86 

K*0 

6-83 

Na»0 

3*18 

P“0“ 

co- 

l-36 

X(‘) 

2-13 


99-67 

2 

OO'SO 


14-02 

7-91 


— 

1-96 

3-18 

3-20 

3-92 

— 

2-11 

2-96 

= 

100-77 

3 

04-78 


14-44 

6-40 


. - 

1-20 

2*35 

4-03 

0-83 

— 

2-82 

3-86 

ss 

100*37 

4 

42*25 

— 

4-62 

8-76 

— 

— 

0-48 

18-27 

6-38 

0-99 

— 

15-85 

1-43 

=3 

98-93 

0 

02-02 

-- 

16-10 

5-25 

— 

... 

0-94 

6-3!) 

1-18 

2*92 

— 

1-08 

4-91 

= 

99-85 

<i 

02-30 

- . 

10-70 

— 

3-78 


rio 

4-50 

3-45 

2-67 

— 

0-70 

1-62 


99-72 

7 

08-30 


15-60 

— 

7-47 


1-60 

2-60 

0-19 

1-70 

__ 

— 

2-23 

== 

99-69 

S 

64-00 

— 

18-00 

— 

5-40 


3-60 

4-30 

0-80 

1-60 

— 


1-90 

r= 

99-60 

!) 

01-43 

— 

20-20 

1*22 

3-26 

— 

1-57 

3-23 

1-69 

6-17 

— 

— 

1-030 

= 

99-89 

10 

72-30 

0-11 

15-04 

0-04 

1-28 

— 

0-59 

1-59 

4-96 

1-02 

0-19 

— 

2-18 

=: 

98-99 

11 

70-40 

0-28 

16-29 

009 

1-69 

— 

0-58 

1-62 

3-89 

4-09 

0-22 

— 

1-13 

= 

99-28 

13 

00*3 

— 

15-4 

7-0 

— 

— 

1-5 

2-3 

4-4 

3-5 

trace 

— 

0-8 

= 

101-2 

n 

67-1 


12-1 

8-7 

— 

— 

1-6 

2-5 

5-3 

2-4 

trace 

— 

0-6 

ns 

100-3 

14 

77-48 

- 

17-10 

2-83 


0-84 

o-io 

0*38 

1-03 

0-13 

tra<-c 

— 

— 

SS 

99-89 

15 

75-73 


21-92 

0-9S 

— . 

0-18 

0*10 

0*27 

0-50 

0-08 

— 

— 

— 

3= 

99-81 

1« 

04-45 


10-31 

0-49 

— 

trac<5 

0-30 

1-10 

5-46 

5-00 

— 

— 

0-82 

r.= 

99-92 

17 

70-00 


15-55 

4-02 

— 

trace 

0-41 

0-57 

5*82 

2-94 

— 

— 

U-Gl 

= 

100\ 1 

IS 

63-70 


10-19 

4-10 

1-12 

0-36 

•£’56 

3-32 

3-74 

1-73 


1-53 

1-79 


100-14 

IflH 

84-12 


0-38 

1-78 

.... 

— 

0-01 

0-08 

0-85 

0-28 

— 

0-14 

3-08 

= 

100-29 

1U6 

2-70 

- 

1-94 

1-78 

— 

— 

O-Ol 

0*08 

0-34 

— 

— 

0-14 

— . 

= 

7-U5 

20a 

57-01 

- 

18-45 

7-09 

— 

0-26 

0-26 

4-02 

6-47 

2-93 

— 

0-72 

2-28 

s= 

99-68 

2u6 

5-24 

— 

3-52 

7-15 

— 

0 -jy 

0-13 

1-75 

1-86 

2-12 


0-72 

— 

= 

22-68 


(’) Loss by ignition. 


(*) Water : 0-725 combined ; 0*300 hygroscopic. 



The granitic porphy rites of Saxony, occurring near Alton berg in the £rzge- 
berge, near Beueba, in the neighbourhood of Leipzig, and on the Tammelberg, have 
been described and analysed by Baranowski (Jahrh.f. Min. 1875, 199). The ground- 
mass of those porphyries, which are perfectly identical, consists of separate ^ains of 
quartz, felspars, hornblende, and chlorite, associated with magnetic iron oxide and 
apatite. Among the microscopic constituents, quartz and felspar are especially 
abundant. The occurrence of quartz in the pyramidal form in the granular ground- 
mass is characteristic of the granite-porphyries. The quartz is further distinguished 
by the numerous microscopic enclosures, parfly vitreous, partly liquid, which it con- 
tains. The large crystals of' orthoclase are accompanied by small plagioclases. 
Especially remarkable is the occurrence of vitreous particles, enclosed in the felspars, 
ioasmuch as such enclosures, though known to occur in the felspars of trachyte and 
quartz-porphyry, have not hitherto been observed in granites. Hornblende and chlorite 
VoL. VIIL 5 P 
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must also be enumerated as essential constituents of the granite-porphjries. The 
chlorite is evidently a transformation-product of the hornblende, inasmuch as ciystals 
are found, consisting of a layer of chlorite enclosing a nucleus of hornblende. Mag- 
netic iron oxide appears in thin sections of the rocks in small isolated octohedrons, 
more frequently in granules irregularly distributed through the mass. Lastly, the 
presence of apatite is remarkable, since this mineral has hitherto boon found more 
frequently in basic rocks than in those which are rich in quartz. 

The following are analyses of two granitic porphyries: a, fromBeucha; i, from 
Altenberg : 



SiO> 

A1“0» 

Fo"0> 

GaO 

MgO 

K»0 

Na»0 

1I»0 

a. 

66-3 

15-4 

7-0 

2*3 

1-5 

4*4 

3*5 

0*8 = 101*2 

h. 

67-1 

12-1 

8-7 

2*5 

1*6 

5*3 

2*4 

0*6 = 100*3 


A microscopic examination of the porphyrites of llefold by A. Strong (Jahrh. /. 
Min, 1875, 623) shows that these rocks are composed of a fine-grained ground-mas.^ 
consisting of orthoclase, plagioclase, small quantities of hornblende and quartz, mag- 
netic iron oxide, a small quantity of apatite, sometimes also graphites, titanic iron 
and specular iron, or pyrolusite, and enclosing porphyritically separated plagioclase, 
hornblende (often apparently formed from augite), quartz, ti tonic iron, graphite, 
magnetic iron oxide, and accessorily garnet, more rarely iron pyrites. These por- 
phyrites, therefore, are intermediate between the quartz-porphyries and the melaphyres 
(p. 1272). 

TfOSTDOUtlA OCEAWZGA. This plant, used as manure, has been examined 
by F. Sestini (Gotj:. ehim. ital. 1874:, 182). The air-dried plant was found to 
contain : 

Mineral 


Water 

Pnts 

Prot<‘Yils 

Carboliyclratos 

substance 


26*15 

2'55 

3*77 

61*26 

6*27 = 

100 

The ash contains: 

K’O CnO 


ivo* 

.S()» ?-0'‘ 

PiO’* (’1 

, T. kc. 

407 8-61 .'tG-89 

14*50 

7-62 

3*05 2*54 

20*86 

1-84 


* And other sul)stanceH Insoluble in liydrochloric neiil. 


POTASSZVXMC. According to I)olbe?ir (Chem, Neivs, xxvi. 33) and Kern (JJer. 
VI. 1208), this metal may be obtained by igniting its sulphide with iron-turnings. 

' Experiments by Dewar a. Dittmar {Proc\ Roy, Soc, xxi. 203) 

have shown that the vapour-density of potassium at tlie temperature of melting zinc, 
does not exceed 4o [H ~ 1]. Consequently the molecule of potassium contains two 
atoms. 

Reactions serving to distinguish Potassimn from Sodium.— metals may be 
distinguished from one another by their reaction with bromine. So<lium may be kept 
in bromine for months and even for years without perceptiblci alteration, and is but 
slightly corroded when heated therewith to 100°-200°, whereas potassium when thrown 
into bromine immetliately takes fire, producing a violent explosion which often shatters 
the containing vessel. In like manner, sodium may be fused with forfmc, without 
notable reaction, but potassium, when fused with iodine, explodes and flics to pieces 
in a jet of fire. Sodium immersed in anilim, even at the boiling heat, remains quite 
bright, while any crusts that maty have formeil upon its surface fall off, leaving it 
with the most splendid metallic lustre ; potassium, on the other hand, reacts violently 
with aniline (Merz a. Weith, B&r. vi. 1518). 

Estimation of Potassium. — F. Mohr (Zvitschr. anal. Chem. 1873, 137) heats 
the precipitate of potassium cliloroplatinatc to fusion with twice its weight of sodium 
oxalate, and after washing and neutralisation with acetic acid, titrates with decinormal 
silver solution. 

To avoid the troublesome employment of a weighed filter for collecting the pre- 
cipitate of potassium chloroplatinate, Fresenius {ibid. 1877, 63) collects the precipitate 
in the ordinary way; transfers it when dry to a watch-glass; dissolves the small 
portion of the salt which adheres to the filter in a little hot water ; evaporates the 
solution to dryness in a platinum capsule ; then adds the rest of the salt ; and dries 
the whole at 1 30®. It is absolutely necessary to test the potassium chloroplatinate 
as to its purity ; when precipitated from solutions containing alkaline earths, it is 
sure to be impure. See also Q-. Krause (Arch. Pkarm. [3], v. 407 ; Jahresh. f, Chem. 
1874,07a). 

Schloesingfs method of estimating potassium by means of soluble perchlorates 
(vii. 1006) has been subjected to an experimental examination by Kraut, Orrmann, 
and Kiisel (Zeitschr. anal. Chem, 1875, 152), who have arrived at the following 



POTASSIUM. 


166 ? 


results. Instead of using ammonium pepchlcpates and nitrohydrochloric noid, it is 
preferable to treat the potassium salt under examination with an excess of pure dis- 
tilled perchloric acid, and evaporate the mixture to dryness on the water-bath. The 
cooled residue is treated with alcohol of sp. gr. 0*836 to remove the free acid, then ^ 
dissolved in hot water, the solution again evaporated on the water-bath, and the 
residue transferred by washing with alaohol of the same strength, to a filter previously 
w'eighed and moistened with alcohol. The presence of salts of sodium, barium, and 
other bases does not interfere with the result. 

For the detection of small quantities of potassium in mixtures, A. Carnot {Compt, 
rend. Ixxxiii. 290, 338) makes use of a mixture of 1 pt. basic bismuth nitrate and 
about 2 pts. crystallised sodium ihio.mlphate. A solution of this mixture colours solid 
potassium salts yellow, and forms with potassium solutions a yellow precipitate con- 
sisting of a thiosulphate of bismuth and potassium, Bi*(S®0*)*.3K*S*0* + 2H*0. The 
reaction is extremely delicate, and may be used for the quantitative estimation of 
potassium if in the state of nitrate or chloride ; sulphates, if present, must be first 
converted into chlorides. To perform the analysis, the potassium salt is strongly 
concentrated, and mixed with 2^ pts. basic bismuth nitrate (equiv. to 2 pts. bismuth), 
and 7 pts. crystallised sodium thiosulphate for every 1 pt. of potassium hydrate 
supposed to be present in the solution ; tne mixture is then quickly stirred, and 
250 c.c. of strong alcohol poured upon it. After a quarter of an hour, the yellow 
precipitate is collected on a filter and carefully washed with alcohol. The quantity 
of potassium present may then be estimated by converting the bismuth in the pre- 
cipitate into sulphide, weigliing it in that form, and calculating the potassium from 
the formula above given. 

In subsequent communications (Compt. rend. Ixxxiv. 1504; Ixxxv. 301) Carnot 
gives the following modification of the method for solutions containing sulphuric acid. 
The concentrated liquid is mixed with a solution of calcium thiosulphate^ and a 
sufilci.ent quantity of the bismuth solution ; alcohol is added ; and the resulting pre- 
cipitate, a mixtures of calcium sulphate and bismuth-potassium thiosulphate, is collected 
on a filter. On treating this precipitate with water, the bismuth-salt is dissolved, 
together with a small quantity of gypsum. The bismuth is then determined as above, 
and the potassium calculated therefrom. 

The method of precipitation as bi.smuth- potassium thiosulphate serves admirably 
for the quantitative sopfiration of potassium from many metals, e.g. sodium, lithium, 
ammonium, calcium, magnesium, aluminium, manganese, iron (as ferric salt), &c., 
inasmuch as, with the exception of the chlorides of barium, strontium, and those 
metals which are precipitated by liydrogon sulphide, no metallic chlorides give with 
bismuth salts and sodium thiosulphate a precipitate like that above mentioned. 

P. Casamiijor (67/m. Nvws, xxxiv. 231, 242) estimates potassium volumetrically 
in the form of acid tartrate. The method is especially applicable to technical purposes. 

To separate the salt more effectually, the liquid is mixed with alcohol in such quantity 
as to form about 60 per cent, of the wliole. If the potash is combined with strong 
acids, an excess of sodium acetate is added. The presence of sodium salts does not 
interfere with the attainment of accurate results. The acid tartrate may also, but 
less advantageously, bo determined gravimetrically. 

To separate potassium from a large excess of sodium salts, R H. Loughridge 
mixes the nitrates of the two alkali-metals with oxalic acid, evaporates at 100°, 
whereby they are converted into acid ojpilatos, and treats the mixed salts with a small 
quantity of water, which dissolves the potassium oxalate, leaving the much loss soluble 
sodium oxalate uiidissolvod. The whole of the potas.sium salt is thus olitained in solu- 
tion, together with only a small quantity of sodium salt, and the separation may then be 
completed by precipitating the potassium as chloroplatiiiate (Amer. Chr^iiisty iii. 369). 

Potassium Fluoride. This compound unites with chromic anhydride. On 
boiling a strong solution of potassium dichromate with hydrofluoric acid, octohedral 
aud cubical crystals are obtained, having the composition KF.2CrO*. This salt may 
be rccrystallised from a small quantity of water, but is decomposed by a largo excess. 
The crystals are efilorcsoent and attack glass. They are decomposed by sulphuric 
acid, with liberation of hydrofluoric and chromic acids. Treated with alkalis, they 
yield potassium fluoride aud chromate (L. Varenne, Campt. rend. Ixxxix. 368). 

Xodlde. G. Langboin {Ber. vii. 766) recoipmends the use of cuprous iodide, now 
largely imported from Peru, for the preparation of potassium iodide. The cuprous 
iodide is washed, suspended in water in the form of fine powder, and decomposed by 
hydrogen sulphide, and the resulting solution of hydriodic acid, freed from excess of 
hydrogen sulphide by addition of iodine, is neutralised with normal or acid carbonate 
of potassium. To prepare potassium, iodide having a perfectly neutral reaction, 

T. B. Groves {Phamu J. Trans. [3J, iv. 669) dissolves the commercial salt, which 

6 p 2 
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mostly has an alkaline reaction, in the exact quantity of water required, neutralises 
it with sulphuric acid, and throws down the potassium sulphate with alcohol. Tho 
decanted liquid, when eraporated, yields perfectly pure colourless crystals of potassium 
iodide. 

A process for preparing potassium iodide free from iodate is given by (}. Pellagri 
(Her. viii. 1357). depending on the fact that the iodate in dilute solution is reduced 
by agitation with iron filings or zinc-powder (not by copper or tin) whilst the metal 
is directly oxidised. Agitation with iron filings in a warm solution produces complete 
reduction, without dissolution of the iron or transference of the iodine t-o the precipitate. 
If the solution is too concentrated, and a considerable quantity of ferric oxide has 
been formed, this oxide may exert an oxidising action on the potassium iodide. When 
an iron and a copper plate are immersed in a strong solution of potassium iodate, and 
connected externally by a wire, so as to form a galvanic couple, complete reduction 
takes place even at ordinary temperatures. Under those circumstances, only the iron 
is oxidis(;d, and, the surface being small, the reduction bikes several days to complete. 
No contamination of the product or loss of iodine takes place. Zinc-powder acts 
more en ergot i willy than iron filings, but for complete reduction a zinc-copper couple is 
necessary. Poiassium brcmiate is completely reduced to bi'omide by an iron-copper 
couple ; the chlorate very slowly and incompletely to chloride; but, by agitation with 
iron filings in a warm solution, this salt is quickly reduced. The formation of potas- 
sium iodate by tho action of iodine on potash-solution is not prevented by the presence 
of suspended iron filings. 

Poly iodides. A 1ri-iodid,e^ KP, is obtained, by slowly evaporating a saturated 
solution of iodine in potassium iodide over sulphuric acid, in shining, dark-blue, 
prismatic crystals, often 2 in. long. Tho crystals are very hygroscopic, and deliquesce 
completely aifter a short time to a dark-brt^wn liquid ; tliey dissolve also in alcohol. 
Their specific gravity, which is difficult to determine, on account of their great tendency 
to deliquesce, was found, on the average, to be 3*498 at 15°. Tlic salt, when cautiously 
heated, melts at 45°; at a higher temperature it gives off iodine (1 mol.), and leaves 
ordinary potassium iodide (G. S. Johnson, Chem. Soc. J. xxxi. 249). 

To determine whether the true formula of this salt is XI’*, or a mult iple thereof, 
Johnson {ibid.xxxiu. 183) has prepared polyiodides containing two or more different 
metals. When a solution of silver iodide and potassium iodide in the ratio of 1 mol. 
Agl to 1 mol. Ki is mixed with iodine, a precipitate is formed, long before sufficient 
iodine has been added to form the compound AgKP, consisting of silver iodide, which 
may bo redissolved by simply adding fresh quantities of potassium iodide. It is only 
when tho iodides of silver and potassium and free io<lino have been brought together 
iu the proportion to form tho compound AgK*I'* that a clear solution is formed, which, 
on spontaneous evaporation, first deposits crystals of potassium-silver iodide, then of 
pota.ssium triiodide, and finally crystals of a pot as si urn -silver poly iodide 
having the composition AgK“I''''.KI + 5H"0. These crystals are mostly black an<l 
have a peculiar lustre; they are very deliquescent, but, nevertheless, eflloresoe over 
sulphuric acid. In attempting to prepire the corresponding pj>tassium-thallinm 
poly iodide, Johnson obtained only the polyiodide discovered by Wilm (v. 751), 

which, in accordance W'ith Wilm, he finds to be represented l>y tho formula TIKU, aiul 
not by Tr‘'K*P + 3H‘*0, as stated by Rammclsberg (vii. 1151); Johnson is, however, 
of opinion that it contains 2 mols. Il-O. La .stly, Johnson has examined the precipitate 
formed on adding an iodised solution of potassium iodide to lead acetate, and finds it 
to be represented by tho complex formula 

Bydrlde, Xm. I’uscd pota.ssium begins to absorb hydrogen at a temperature 
above 200^, the absorption becoming more rapid between 350° and 400°. The pro- 
iluct obtaineil by keeping the metal in the gas for a long time is very brittle, has the 
aspect, lustre, and crystal lo-granular structure of silver-amalgam, and indeed looks 
very much like a true alloy. It may be fused without alteration in hydrogen or in a 
vacuum. In contact witli tlio air it immediately takes fire. When heated in a 
vacuum at 200° it begins to decompose, and from that temperature to 430° a regular 
dissociation takes place; in an atmosphere of hydrogen the decomposition takes place 
at 411°. The analysis of this compound gave 126 vols. H to 1 vol. K; the formula 
K*1I (which is of course only empirical) requiring 124*6 vols. H to 1 vol. K (Troost 
Hautefeuille, Ann. Chim. Phya. [5], ii. 273). 

Oxides (S. Lupton, Chem. Soc. J. xxx. 565). Potassium heated in air at about 
05° for six hours is oxidised to a greeilish powder mixed with small blue and yellow 
lumps. Tho blue lumps when separated were found to have the composition 
K*0® == -h K*0*. After the action had been continued for six hours more, the 
blue lumps gtive numbers agreeing w'ith tho formula K^O* = K*0 + K*0*. Similar 
blue lumps obtained with nitrogen monoxide as the oxidising agent, were found to 
consist of 2K*0 + K'‘'0*. From these results it is probable that the blue oxide, 

which forms on a freshly-cut surface of potassium, is not a suboxide, as commonly 
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bupposed, but a molecular compound of the uuuioxide and dioxide of potassium in 
various proportions, and that tlie grey oxide K*0 (theoretically improbable) described 
by Uerzelius, must have contained metallic potassium. The yellow lumps, when 
likewise picked out, were found to have the composition of potassium dioxide. The 
green powder was found to contain a quantity of potassium greater than that required ^ 
by the fornmla of that oxide, and appears to bo a mixture of the dioxide with the 
blue oxides, but after fusion in a porcelain crucible it has exactly the composition of 
the dioxide K*()‘*. When a platinum crucible lineil with gold is used, the oxidation 
proceeds still further, oxides being formed which contain from 66 to 68 per cent, 
potassium. The dioxide is likewise obtained when potassium is boated fora consider- 
able time in iiitrugeii monoxide. These results fully establish the existence of u. 
dioxide of potassium, the occurrence of which in aqueous solution was pointed out by 
Hareourt in 1861 (iv. 706). 

The following reactions of the green mixture are worthy of notice. When it is 
treated with hydrochloric and sulphurous acids, a certain quantity of sulphate is 
formed. With absolute alcohol it yields a yellow floceulont precipitate, which dis- 
solves very slowly. Heated on a carljoii boat in a stream of nitrogen, it assumes a 
yolloAV colour changing to orange-red, glows at the moment of fusion, and yields a 
speculum of metsillic potassium, togetlier with carbonate : 3K‘*0- + C- = K- + 2K‘CO'*. 

]i rated with magnesia in a stream of nitrogen, it forms at first an orange-coloured 
viscid mass, whicli melts .at a higher temperature, then suddenly gives off nitrogen, 
and is converted into a white mass -a reaction which appears to depend on the form- 
ation, in the first instance, of magnesium dioxide, which is then resolved at a higher 
temperature into magnesia and ox^’gen. Wlien the lirownish-jellow dioxide is ex- 
posed to moist air, it beetjmess continiually lighter in colour, the lemon-yellow trioxide 
X‘*0® being first fornied, then the sulphur-yellow tetroxide Jv-0\ wdiich is again con- 
verted into trioxide, and finally into hydroxide. Attempts to prepare a definite oxide 
by he:iting potassium nitrate did not yield satisfactory results. 

POTATO. Solatimn tuberosnm. — A series of investigations of thoamounts of starch 
and dry substance in potatoes of various kinds has been made by L. Raab {N. Jakrb. 
Pharm. xxxvii. 204 ; xxxix. 16), showing that the proportion of stfirch varies from 
8*8 to ‘26 per cent., and that of dry substance from 16*6 to 34 per cent. 

SoUmine in Accowling to 0. Bach {J. pr. Chem. | 2], vii. 248), solanine 

is found in sprouted potatoes only in the rind and at the roots of the sprouts. In tho 
water, cither fresh or salt, poured off* from the boiled potatoes, the presence of sola- 
nine could bo detected only by evaporating very large qjiantitics. 

Ash. — Tho ash of throe sorts of potato lias been analysed by J. B. Haiiuay {Chtm. 
AV;?/'a, xxvii. 147). No. 1. Healthy potatoes from black dry soil gave 3*8 per cent, 
ash. No. 2. Diseased potatoes from the same soil, unfit for food, either for manor 


be.ist, gave 3'9 per cent. No. 3. Less diseased, from a loamy soil. 




No. 1. 

No. 2. 

No. 3. 

StAuble : 

Potassium .... 


. 36-77 

37-86 

43-11 

.Sodium 


. 3-24 

3*12 

0-68 

Magnesium .... 


. 1-87 


0-04 

Carbonic anhydride . 


. 16-83 

16-67 

16-46 

Phos[)horie „ . . . 


. 8-37 

6-90 

6-66 

Sulphuric ,, • • 


. 4-96 

5-44 

6-28 

Chlonim 


. 4-61 

6-9G 

7-37 

Insoluble : 

.Silica 


. 1-74 

6-12 

1-02 

Ferric oxide and alumina . 


. 0-62 

0-89 

1-17 

Calcium 


. 3-70 

2-80 

2-92 

Magnesium .... 


. 0-88 

0-60 

0-02 

Carbonic anhydride . 


. 2-90 

1-46 

1-34 

Phosphoric „ 

Uii burnt charcoal 


. 3-70 

3-06 

6-20 


. 1-98 

— 

— 

Oxygen 


. 9-64 

9-03 

9-23 

A. S. Wilson (Chem. News, xxviii. 91) foiaid 

100-70 

the ash of 

99-80 100-38 

diseasod potatoes to 

composed as follows ; 

K Na M;r Ca SO» 

CO’ 

01 

SiO’ 

0 

44-61 0-26 2-36 1 12 14*48 6-67 

16-80 

1-37 0-53 

2-89 

11-22 = 100- 


The following tAble of the relations between the amount of starch in potatoes and 
their specific gravity has been drawn up by F. Heidepriem {Landw. Vers.-Si. xx. 1) 
from tho results of experiments made in 1875 by the Agricultural Society of Cbthen. 
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Edationa between the amount of Starch in Potatoes and the Specific Gravity, 


Weight of 

5 kilogrums 
under water 

Starch 
per cent. 

Dry 

substance 
per cent. 

Weight of 

5 kilograms 
under water 

Starch 
per cent. 

Dry 

substance 
per cent. 

630 

25*07 

32*29 

! 455 

16-97 

23*19 

625 

24*81 

32*03 

450 

15*71 

22*93 

620 

24*55 

31*77 

445 

15*46 

22*37 

615 

2429 

31*51 

440 

15*19 

22*41 

610 

24*03 

31*25 

435 

14*93 

22*15 

60,5 

23*77 

30*90 

430 

14*67 

21*89 

600 

23*51 

30*73 

425 

14*41 

21*63 

595 

23*25 

30*47 

420 

14*15 

21*37 

590 

22*99 

30*21 

416 

13*89 

21*11 

585 

22*73 

29*95 

410 

13*63 

20*85 

580 

22*45 

26*69 

405 

13*37 

20*69 

575 

22*21 

29*43 

400 

1311 

20*33 

570 

21*95 

29*17 

395 

12-85 

20*07 

665 

21*69 

28*91 

300 

12*60 

19*82 

560 

21*43 

28*65 

385 

12*34 

19*5,t 

1 555 

21*17 

28*39 

380 

12*08 

19*30 

550 

20*91 1 

28*13 

375 1 

11*82 

19*03 

545 

20*65 

27*87 

370 i 

11*66 

18*78 

540 

20*39 

27*61 

365 

11*30 

18*55 

535 

20*13 1 

27*35 

360 1 

11*04 

18*26 

530 

19*87 

27*09 

355 

10*78 

18*00 

525 

19*61 1 

26*83 

350 

10-62 

17-73 

520 

19*35 1 

26*57 

345 

10*26 

17*48 ' 

515 

19*09 

26*31 

340 

10*00 

17*22 

510 

18*83 

26*05 

335 

9*74 

16*96 

505 

18*67 

2o*79 

330 

9*48 

16*71 

500 

18*31 

25*53 

325 

9*21 

16*43 

495 

18*05 

25*27 

320 

8*95 

16*17 

490 

17*79 

25*01 

315 

8*69 

15*91 

485 

17*53 

24*75 

310 

8*43 

15*65 

480 

17*27 

24*49 

305 

8*17 

15*39 

; 475 

17*01 

24*23 

300 

7*91 

15*13 

, 470 

16*75 

23 97 

299 

7*65 

14*87 

1 465 

16*49 

23*71 

290 

7*30 

14*61 

460 

16**i3 

23*15 ■ 

285 

7*13 

1 4*35 


Similar determinations have been made by A. Marke {Duigl. pol. J. cexxv. 517), 
who found the specific gravity to vary betw’een 1*108 and 1*120; the total dry substance! 
between 28*36 and 31*36 per cent., and the starch between 20*61 and 23’52 per cent. 

Effect of Cooking on the Kutritive Power of Potatoes. — P. Wagner a. K. Schafer 
{Brr, V, Landw.^Versuchsst., Darmstadt, 1874) have endeavoured to determine what 
mode of cooking potatoes is attended with the greatest loss of nutritive salts. For 
this purpose, they boiled peeled and unpceled pofcitocs for three-quarters of an hour in 
quantities of water just enough to cover them, and at the same time steamed samples 
of the same potatoes in a tin-plate sieve fixed in the boiler above the water. The 
following are the results : 

Ash K*() 

1 kg. unboiled unpeeled potatoes contained . . 7'70 g. 4*30 g, 1*79 g. 

1 kg. „ peeled „ „ . . 745 3*75 1*53 



The boihid wattfT 

poured 

Hence the potatoes lost, 


off from 1 kg. potatoes 

in KX) parts of their 


contained In grams : 

original contents 


Ash 

K*0 

l«0» 

Ash 

K»0 

p»0« 

1. L'npeeled potatoes boiled in water 

0*28 

0*10 

0*02 

3*64 

2*32 

1-12 

2. Unpeeled potatoes stcamid . 

0*09 

0*03 

0*005 

1*17 

0*69 

0*03 

3. Peeled potatoes boiled in water . 

2*15 

1*25 

0*35 

28*86 

33*33 

22*87 

4. Peeled potato('S steamed 

U'o5 

0*26 

0*07 

7*38 

6*93 

4-67 
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For unpoeled potatoes, therefore, the loss of nutritive salts in boiling and steaming 
is but small ; but for peeled potatoes, steaming has decidedly the advantage over 
boiling. 

PRSB AZZXTB. This name was originally given to a mineral from Fredazzo, in 
Sout h Tyrol, supposed to bo a definite compound of calcite and brucite, MgH*0* (iv.7 1 4). ^ 
Microscopical observation, however, ^shows that it is merely a mixture of these 
two minerals, the particles of which may be separately distinguished; moreover, 
Lemberg has shown that when a cut plate of predazzite is heated nearly to redness, 
ami then immersed in solution of silver nitrate, the particles of brucite (converted by 
the heat into MgO) are blackened by separation of silver oxide, while those of calcite 
remain white (Rammelsbcrg, Mineral -Chemie, 2 Auflage, 1875, ii. 242). 

The mineral from Fredazzo having thus been shown to be a mixture, A. Cossa 
(Gasz. chim, ital. 1877, 393) proposes to transfer the name Predazzite to the rock of 
Monte Somma, also a mixture of calcite and brucite, which forms the matrix of pori* 
clase. Analyses of this rock gave : 


CO- 

CaO 

MgO 

FeO 

H*0 


Sp.gr. 

36-21 

43*56 

12-81 

0*12 

5*23 = 

97*93 

2*867 

39*45 

45*02 

11-28 

0*32 

4*37 = 

100*44 

to 

40*28 

45*73 

9-22 

0*41 

3*97 = 

99*61 

2*903 


PRBBirZTZC ACZB, C«H-^(C02H)*, is formed, by separation of 6 at. hydrogen 
and 2 mols. CO®, when hydrornollitic acid, C®I1*(C0®H)*, is heated with strong 
sulphuric acid (vi. 809). Prohuitic anhydride, C*H®(C0®II)'“C®0®.0, is formed 
by the action of heat on prehnitic acid (vii. 785). 

PRZCBZTB. See Crtptomorphite (p. 589). 

PROP ARB, C*H* = GJP.CH®.CH®. This hydrocarbon is formed, together with 
several others of the paraffin series, by the action of superheated steam on the dis- 
tillcV.ion-products of the fatty acids. The crude product is agitated with strong 
sulphuric acid, and the oil which floats on the surface of the acid is treated with 
sodium carbonate, dried, and rectified (Cahours a. Demartjay, Compt rend, Ixxx. 1568). 


Chloro- and Bromo^propanes, 

Blohloropropanes, or Propylene Bloblorldes, (Koboul, Afin. Chim, 

Phya. [5], xiv. 453). a-Bick/orojtropane, CH^.CCP.CH®, is generally prepared by the 
action of phosphoric chloride on acetone, but may also be obtained by direct combina 
tion of HCl with allyleno. It boils at 69'^-70°, is converted by alcoholic potash into 
the chlorfjpropyleiio, CH'-riCCl.ClI®, boiling at 23°-25”, and by silver benzoate into 
the di-beiizoic compound, CJP.C(C'TPO®)®.CH’*. 

^Bichloropropane, CIP.OLI'-.CHCl®, isprejuired by the action of phosphoric chloride 
on propaldehyde, but a considerable quantity of the chloropropylone, CIF.CH^CHCl, 
is formed at the same time. Its boiling point is 85°-87°> and its density 1-143 at 
lO"^. With alcoholic j)otash it yields the chloropropylene just mentioned, which at a 
higher temperature (130°), under the inlluonce of the same reagent, is converted into 
aliylcne, C1F.C=CH. It yields no diacetyl compound when treated with potassium 
acetate. 

y~I)ichlorflpropa?irf CIP.CIICl.CW^Cl.— The action of HOI on allyl chloride, 
OH®::rCH.Cll‘‘*Ol, docs not yield, like that of HHr on the bromide, a mixture of the 
two chloro-compounds, but only the 7-dichloropropaiie. Allyl chloride is lieated for 
eighteen hours at 100°, with very concentrated hydrochloric acid, and the upper layer 
of the product, which is of a violet-black colour, is separated and submitted to 
fractional distillation. The greater part of it consists of ordinary or y-dicliloropropano. 
boiling at 96°-97°. The difference (22° J between the boiling points of the symmetrical 
and unsymmetrical dicbloropropanes is the same as the difference between those of 
the corresponding dibromopropanes. 

^•Bichloropropane, or Trimethylene chloride, CH®C1.CH'-.C1I®C1, may be obtained 
from the corresponding dibromide by heating it with mercuric chloride in sealed 
tubes at 180° for several hours, or by treating symmetrical propyl glycol with HCl. 
In the latter case, a monochlorhydrin of the glycol, CH®(On).CH''.OH®Cl, is formed 
at the same time. The two compounds are, however, easily separated, since the 
dichloropropane boils at 119°, and the monochlorhydrin at 162°. The density of the 
dichloropropane is 1*201 at 15°. 

Bibromopropanes, or Propylene Btbromldes. a- JDihromopropane, 
CH’.CHri.CH®, —It appears to be almost impossible to prepare this body by the action 
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of PBr^ on acetone, but it cun be easily prepared by the direct addition of HBr to 
allylene, or to a>bromopropyleue. When hydrobromic acid of not less than 66^ B. is 
added to ullyleno enclosed in a vessel over mercury, the absorption of the gas is com- 
plete in about four or six hours at 0°, and by replacing the gas as it is absorbed, very 
considerable quantities of the dibromide can be obtained. The product is, however, 
contaminated with a little a-bromopropylene, from which it can be readily separated 
by a few distillations. 

The action of HBr on a-bromopropylene also gives a very pure product ; but it is 
more convenient to work upon the mixture of propylenes given by ordinary dibromo- 
propane in the manner which will be described under i3-bromoprt)pylene (p. 1679). 
The density of o-dibromopropane at 10° is 1*875, and its boiling point 114°-1 14*5° 
under 740 mm. 

^Dibramopropane, GH*.GH-.CHBr-. — Although the existence of this bromide can 
be shown independently of theoretical considerations, it has never been satisfactorily 
isolated. The action of PBr’ on propyl aldehyde closely resembles the corresponding 
action on acetone; torrents of HBr arc evolved from the commencement of the 
operation, but as soon as distillation is proceeded with, the liquid turns black, evolves 
more HBr, and leaves finally an abundant carbonaceous residue. From the distillate, 
after the removal of phosphorus oxybromide, a little /S-bromopropylene can be 
separated, but no iS-dibromopropane can bo obtained. The operaiion is not more 
successful when the oxybromide is removed by means of water, without previous 
distillation. 

By combining HBr with the bromopropylene, GH*.GH::z;GlIBr, in the cold, the 
two dibromopropanes are simultaneously protluceil. Fractional distillation, however, 
fails to separate them, on account of the proximity of their boiling points. On sub- 
mitting the washed and dried liquid to distillation, the boiling point quickly rises to 
135°, and the whole passes over between 1.35° and 143°, the greater portion distilling 
between 139'^ and The boiling point of the jS-compound should be 131°-l3af°, 

while that of the ordinary or y-dibromopropano, Cll®. CllBr.GH^^Br, is 143° (vii. 1017). 
The same result is obtained if the combination of HBr with the bromopropylene 
takes place at 100^. 

Z-Dihromopropatie, or Trirnethyleae bromide, GH'“Br.GU‘'.Gir‘*Br. — The action of 
HBr on ally I bromide forms simultaneously two isomerides, the normal or 8-dibromo- 
propano and the ordinary or 7-dibromopropane. The relative proportion of the two 
bromides varies with the concentration of the acid, w'ith the temperature, and with 
the duration of the action. The best method of operating is as follows : 1 vol. of 
allyl bromide and 3J vols. of fuming hydrobromic acid are heated under pressure at 
lOO'" for fifteen to twenty minutes, and the dark-coloured oily product subsequently 
w'aslicd and distilled. A good deal of unaltered allyl bromide passes over first, and 
then the thennomoter rapidly rises to 140°- 145°. The distillate is collected from 
this point up to 175 ^ On submitting this portion to repeated fractional distillation, 
the 5-dibromopropjino can be easily separated, boiling at 164°- 105°, the yield being 
a little more th.an one-half the allyl bromide used. If the solution of hydrobromic 
acid is not saturated, or if the time of heating btj prolonged, a largely increased yield 
of ordinary dibrornide is obtained at the expense of the normal or 5-compound; even 
with a strongly fuming acid, it is not advisable to heat the mixture longer than 
twenty minutes, for no increased yield of the desired product is obtained. Its density 
is 1*9839 at 13*5°. It is much more susceptibltr of double decomposition than the 
ordinary dibromide, forming with great fiicility the compound ethers of the corre- 
sponding glycol. 

According to Erlenmeyer (TAeluJa Annalen, cxcvii. 184'), the conditions most 
favourable to the formation of trimethyleno bromide ar«* as follows : (1). Dry hydro- 
bromic acid in large excess should be kept in contact with the allyl bromide until the 
reaction is ended, and the temperature should be maintained at 30°-40° ; (2) the 
more diluted the hydrobromic acid becomes, either by water or by trimethylonc? 
bromide, the larger is the quantity of ordinary propylene dibromide formed. When 
the required dilution has been produced by the formation of trimethylene bromide, 
the remaining hydrobromic acid unites with allyl bromide to form ordinary propylene 
bromide, this reaction taking place more quickly at high than at low temperatures ; 
(3) the formation of tri methylene bromide takes place first at temperatures from 
0°-30°, and, in the case of sufficiently concentrated solutions, even at temperatures above 
lOO'^. The formation of ordinary propylene bromide commences in dilute hydrobromic 
acid solutions at low rather than at high temperatures. 

Cblorobromopropanes, or Propylene Clilorobromides. h'ive chloro- 
bromopropanes ought uheoretieally to exist, viz. a, jB, and 8, analogous to the chlorides 
and bromide.s a, and 5, and two others, y and y\ analogous to the chloride y. 



PBOPARGTL— PROPIONIC ACID. 1673 

a-ChlorcbroriMpropanet CII*.CClBr.CH*, is very easily obtained by the action in 
the cold of excess of concentrated hydrobromic acid on a-chloropropylene. TIkj 
y-modification, CH*.C01.CH*Br, is not produced in the cold, but only on heating. 
The a-compound boils at U3°-93-6° and its density is M74 at 21°. 

Bromiodopropano may be prepared in a similar manner by the action of HI on 
o-bromopropylene. On distillation nearly the whole product passes over at 147^, 
slightly coloured by free iodine. Its density is 2*2 at 11°. 

^-Chlorohromopropam^ CIl*.CK‘'.CllClBr, results from the addition of HBr to 
i3-chloropropylene without application of heat. It is generally accompanied ))y a 
sinall quantity of they -compound, CIP.ClTBr.OH^Cl, but the latter is easily separated 
by distillation. Its density is 1‘59 at 20°, and its boiling point 110°-112”. 

y-ChlorobroTnopropanes, CHlCHCl.CH^Br and y' Cll^.OIIBr.CH^Cl.— By main- 
tainiiig for some hours at the boiling point a mixtun; of ordinary dibromopropaiie and 
mercuric chloride in an apparatus htted with an inverted condenser, Friedel a. Silva 
obtained a chlorobruniide boiling at 119°-121°, which they considered to be the 
com})ound CH^.CHCl.CH'^Br, because when decomposed with alcoholic potash it yielded 
o-chloropropane boiling at 25°-30°. Beboul, however, points out that tho chloro- 
bromide made in this manner is in reality a mixture of tho two isomerides. 

l-CJdorobromopropane^ Cll"Cl.Cli*.CH^Br, is prepared by heating allyl chloride 
for seven or eight hours at 100° in a closed vessel, with a concentrated solution of 
hydrobromic acid, then washing, drying, and fractionating. When quite free from 
allyl chloride, it distils at 14()°-142°, and has a density of 1*63 at 8*^ ; it is, however, 
very difficult to free it entirely from a trace of the y'-compound, CH®.CHBr.CH^Cl, 
and of 8-dibromopropano, which are formed at the same time. 

By the action of sodium on tlie isomeric bromopropanes, one and the same propylene 
is always formed, namely, CIP.CH— Oil". 

When the two chlorine or bromine atoms in tho dichloro- and dibromopropanes 
are "attached to tho SJime carbon-atoms, they cannot bo replaced by aerd radicles ; 
when the propane-derivatives thus constituted are treated with silver acetate, they 
lose IICI or HBr and are converted into monochloro- or monobromopropylene. In 
the case of cKlibromopropano, OH^.CBr-.CH®, it is possible to obtain a dibenzoyl- 
compound, but water resolves it into acetone and benzoic acid. 

PROPAiRCrYli-GOMPOUirBS (vii. 1006). The following additional observa- 
tions on these compounds have been published by L. Henry (Ber. viii. 398). Prop- 
argt/l Alcohol is wholly resolved by tho action of potassium hydroxide into acetylene 
and formic acid : 

CHINCH + KOH = + CHKO=. 

Propargyl chhritk^ C*11*C1, produced by the action of phosphorus trichloride on 
tho alcohol, is a mobile liquid, having a di.sagreeablo odour, insoluble in water, boiling 
at 65°, and having a density of 1*0454 at 5°. 

Tho iodide, C®H*I, formed from the alcohol by the action of iodiiio and amorphous 
pho.sphorus, crystallises in small needljes, melts at 48 '-49°, dissolves slightly in water, 
abundantly in alcohol and ether, and is decomposed by distillation. 

PROPARGYUirS. See Allyi.rnk (p. 63). 

PROPlOXffZC ACID, C»nW = CH®.CH^COOII. In preparing this acid from 
ethyl cyanide (iv. 730), Th. D. Barry {Jnaug. Diss. Halle, 1874) finds that a better 
product is obtained by boiling tho^ ethyl cyanide with alcoholic potash than with 
dilute sulphuric acid. From 2 kg. potassium ethylsulphato and 2 kg. potassium 
cyanide he obtained 471 g. crude ethyl cyanide yielding 390 g. potassium propionate. 

Propionic acid is also formed by heating potassium oxalate with dry sodium 
ethylate, the reaction being analogous to that by which formic acid is obtained from 
oxalic acid and potassium hydroxide : 

KOOC.COOK + H.OK =. KOOC.H + CO(OK)2 

Oxalate. Formate. Carbonate. 

KOOC.COOK -I- CW.OK =» KOOC.C-IP + CO(OK)2 

Oxalate. Propionate. Carbonate. 

Oily products distil over, and on lixiviating the residue with water, supersaturating 
it with sulphuric acid, and distilling, a strongly acid distillate is obtained, containing 
formic and propionic acids (J. van *t Hoff, Per. vi. 1107). 

The supposed formation of a propionate by tho siction of carbon monoxide on a 
metallic ethylate has been already noted (vii. 1009). According to Berthelot, however 
(Bvll, Soo. Chim. [2], xix. 160), the l)arium-comp»)und obtainoil by passing carbon 
monoxide into a solution of barium alcoholate in absolute alcohol, though identical in 
composition with barium propionate, C*H*baO'* [ba = 68*7], differs from that sailt in 
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being soluble in alcohol and in being decomposed by water, with formation of ethyl 
alcohol and barium formate : 

C*H®baO* + H-0 = C»H»0 + CHbaO^ 

Berthelot therefore regards this salt as isomeric with barium propionate, and designates 
it as ethylform^e. But ethyl-formic at^id, 0*H*.C00H, as is well known, is nothing 
else than propionic acid, and according to the generally received views of the con- 
stitution of acids, no isomerido of propionic acid of the general type C“ll"“+*.COOH 
is possible. Kolbo therefore regania Berthclot's salt as formylated barium ethylate^ 
CH*.CH(CHO).Oba («/. jpr. Chem, [2], riii. 27). 

Propionic acid, heated in a sealed tube with iodine trichloride, yields porchlorothano, 
togetlier with CO® and HCl, which escape on opening the tube (F. Krafft., Bcr. ix. 
1086). The reaction may perhaps be represented by the equation : 

+ 4ICP = C®C1« + CO* + 6HCI + 21*. 

Bromopropionlo Acids. The two dibromopropionic acids, represented 
by the formulse 

CH*.C13r*.OOOH CH*Br.CHBr.COOH 

a |8 

have been already described (vii. 1010-1012); also the two bromacrylic acids, 
ClI*=:CBr— COH and CHBrniCK — COOH, obtained from them by the action of 
boiling alcoholic potash (viii. 44). 

Blchloropropionlc Adds, C*H*Cl*.COOH. Two of these acids are known, 
analogous in constitution to the dibromopropionic acids. 

The o-acid, CH*.Cl*.COOH, which Klimenko obtained by the action of alcohol on 
the chloride formed by treating pyroracemic acid, CII^.CO.COOH, with phosphorus 
pentachloride (vii. 1012), is also produced by the action of strong liydrocliloric or 
moderately strong sulphuric acid on dichloropropionitril, CH*.C1*.CN (iv. 736). ■ The 
easiest way of peparing it is to heat 1 pt. of the nitril with 2 or 3 pts. of a mixture 
of sulphuric acid and water in equal volumes, in a reflux apparatus at about 20'’. 
As soon as the layer of oil floating on the surface of the acid ceases to boil, it must 
be pipetted off and rectified with a thermometer in the liquid. Stronger acid or a 
larger quantity gives rise to the formation of brown decomposition-produets (Bcckurts 
a. Otto, Bar. ix. 1876). 

a-Dichloroprapianic acid boils without decomposition b(‘tweon 186® and 190®, and 
docs not solidify at —8’. It volatilises with vapour of water. Its salts, excepting 
the silver salt, are permanent in the dry sbite at ordinary temperatures, but at liighor 
temperatures, or when their solutions arc heated (especially in contact with excess of 
base), they decompose, with separation of metallic chlurhles. Most of them dissolve 
readily in water and in alcohol. 

The pniassinm C*ll*Cl*KO* + 611*0, forms shining nredlrs or tufts, decom- 
posing at 60®-70®; the ammonium salt, C*II*CP(Nir')0*, thin, white, fatty laminje ; 
the silver salt, C*H*Cl*AgO*, small white needles, soluble with difficulty in water ; 
decomposed at ordinary temperatures; the calcium salt, (C*H®Cl*0*)*Ca -t- 311^0, 
white, cheaf-like needles, of glassy or silky aspect; decomposed at 120®; the 
barium salt, (C*H*Cl*0*)*Ba -h H*0, glassy, rhombic laminae, whicli lose thoir water of 
crystjillisation at 80® and become opaque ; the zinc salt, (C*II*Cl*0-')*Zn -f H*0, trans- 
parent needles resembling the sulphate; they loj?o their water of crystallisation at 
60®, and are decomposed at 80®. 

The ethers of a-dichloropropionic acid are easily prepared by the action of hydro- 
chloric acid on the solution of the acid in the corresponding alcohol. The methyl 
ether is a colourless liquid having a fruity odour, and boiling at 1430-144° (uncorr.) 
The ethyl ether, identical with the ether formed from o-dichloropropionitril and alcohol 
in presence of sulphuric acid, boils at 1.56°-157®. The allyl ether is a faint yellow 
liquid, which is decomposed on distillation, with separation of hydrochloric acid. It 
has a fruit-like smell, and boils at 176®-178®. The isohutyl ether resembles the fore- 
going, is not completely decomposed at 183°-186°; has a pleasant pine- apple odour. 
Starting from the methyl ether, the boiling points of these others rise by intervals of 
about 10®. 

Behaviour of a^Dichlornpropionic Acid to Kascent Hydrogen. — By the action of 
zinc and dilute sulphuric acid at ordinary temperatures, the acid is converted into 
propionic acid. The othylic ether of o-dichloropropionic acid is also converted by 
similar treatment into the othylic ether of propionic acid. 

C^version of a- Dichloropropionic Acid into Mcnochloracrylic Acid.- -The aqueous 
solution of the silver salt of o-dichloiopropionic acid becomes turbid at ordinary 
temperatures, and gradually deposits the whole of the silver us chloride ; the change 
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is completed in a few minutes by boiling. The filtrate from the silver chloride contains 
an acid of the composition of monochloracrylic acid. It may be formed thus: 
C*ll*Cl*Ag0*‘*=CWC10*+ AgOl. The dry silver salt, even in closed vessels, suffers 
the same change at ordinaiy temperatures. 

The potassium, salt of monochloraciylic acid may also be obtained by heating an 
alcoholic solution of o-dichloropropionic acid (1 mol.) with a solution of potassium 
hydrate (2 to 3 mols.) This acid is not identical with the i3-moiiochloracrylic acid of 
Werigo and Werner, but corresponds with the a-monobromacrylic acid of Philippi 
and Tollens. 

Conversion of a~I)ichloropropionw Acid into Acetic and Carhacetoxylic Adds , — 
When an aqueous solution of o-dichloropropionic acid is heated with freshly pre- 
cipitated silver oxide, the following change takes place : 

C*H*CPAgO* + 2Ag-*0 = 2AgCl + 2Ag + CO-' + C^H>AgO*. 

ver a-dichloro- Silver acetate, 

ropionate. 

Ily treating an aqueous solution of o-dichloropropionic acid with silver carbonate, 
a salt is obtained in small brown needles which is probably the silver salt of 
carbacetoxylic acid (Beckurts a. Otto, loc. cit.) 

Co7tV€rsion of a-Dichloropropionic acid into Chloracrylic and Pyroracemic acids , — 
An aqueous solution of the silver salt of this acid ig converted by boiling for a few 
minutes into a solution of monochloracrylic acid, with deposition of silver chloride : 
C^H®Cl‘‘*AgO*=AgCl + C®11*C10*; and on heating the latter solution for some hours 
with oxide or better with carbonate of silver, tho silver salt first formed is decom- 
posed, and pyrora comic acid, C’JIW, is formed, according to tho equation 
C’H‘ClAgO- + H‘0=:AgCl + C*lPO*. These two reactions may bo effected in one 
operation by simply heating a solution of a-dichloropropionic acid with an equal 
nqrnbor of molecules of silver carbonate, till silver chloride is no longer formed, the 
following reaction then taking place : 

+ Ag'-'co* - c«n‘o» + 2Agoi + co-* 

(Beckurts a. Utto, Ber. x. 2(54). 

a- Dichloropi opionitril, OH’.CCl^.CN. — This compound exists in two physical 
modifications, one liquid and tho other solid (iv. 736). The latter is regarded by 
Beckurts a. Otto as a polymeric modification of the former, inasmuch as when boiled 
with dilute sulphuric acid it reacts in the sjirae manner, yielding o-dichloropropionic 
acid. Heated in a sealed tube with alcoholic ammonia, it is convertevi into a-dichlorO' 
projmnamide, GlRCl-.CONIP (ra. p. llo°-116°). The solid modification is produced 
in greatest abundance when tho action of chlorine on propionitril takes place at com- 
paratively low temperatures ; also, though in small quantity only, and accompanied 
by various brown amorphous products, when tho liquid modification is boiled for 
some time in a reflux apparatus with potassium, sodium, or sodium-amalgam. In 
this reaction metallic chlorides and cyanides are also formed. The liquid modification 
is also converted into tho solid w'hcn kept in iinperfeclly closed vessels, considerable 
quantities of hydrochloric acid being sot free at the same time. The solid modifica- 
tion is perhaps a derivative of cyanethino (ii. 189) (Beckurts a. Otto, Bcr, ix. 1693 ; 
X. 263, 2040). 

^-Dichloropropionic a(?/rf,.^CH*Cl.CIICl.COOH.— -Werigo a. Okulitsch, by 
treating glyceric chloranhydride with alcohol, obtained a product wdiich they regarded 
as the ethylic ether of jS-dichloropropionic acid (vii. 663). Subsequent experiments 
by Werigo a. Molikoff {Ber. x. 1499), how’ever, have shown that this product when 
saponified does not yield i3-dichloropropionic acid. But, if the glyceric chloranhydride be 
first converted by boiling with potash into chloracrylic acid, CHC1~CH — CO*U, and 
the latter bo heated with hydrochloric acid, it takes up HCl and is converted into 
/B-dichloropropionic acid, melting at 60®, and yielding an ethylic ether which boils at 
183®-184®. Tho /3-acid is, however, more easily obtained, together with chlorolactic 
acid, by heating glyceric acid in sealed tubes for three days with hydrochloric acid 
saturated at 0° (W. and M. Ber. xii. 178). L. Henry (Bcr. vii. 414 ; Bull. 8oc. Chim. 
[2], XXX. 161) has also obtained the /S-acid by the action of fuming nitric acid at the 
neat of the water-bath on unsymmetrical dichlorhydrin, CH'^Cl.CHCl.CH^OH (p. 876). 
It may be extracted from the product by ether, in which it dissolves readily, as also 
in alcohol and water; crystallises in needles; melts at 60®; and yields an ethylic 
ether which boils at 180®. Tho identity of the dichloropropionic acid from glyceric 
acid with that obtained from unsymmetrical dichlorhydrin is further shown by tho 
fact that both vield tho same /S-chloracrylic acid melting nt 64°-6iV’ (Werigo a. 
Melikoff). 
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Cjanopropionlc Acid, C*H*NO--=C-HXCN).COOH (Wanklyn n. Cooper, 
Vhil. Mag. [o], vii. 356). This acid is formed, together with others, wlicn wool 
(1 pt.) dissolved in water containing potassium hydroxide (3 pts.) is oxidised by 
2 pts. of potassium perinangiinato. It is obtained pure by converting it into a barium 
salt and decomposing the latter with sulphuric acid. 

Cyanopropionic acid in the free state is an amorphous solid, brittle at ordinary 
temperatures, but softening at 100°. In mass,* it has a pale brownish-yelldw or straw 
colour ; in powder it is almost white. It is very soluble in water and in strong 
alcohol ; has a strongly a<Md taste and reaction ; de(?omposcs carbonates, and dissolves 
uagnesium in tlie cold. It is oxidised by potassium dichromate and by permanganate. 
Heated at 140°, it gives off all its water; at higher temperatures, it is decomposed, 
evolving ethyl cyanide, and forming a brown mass, soluble in potash. The potassium 
salt, heated with twice its weight of potassium hydroxide, is completely decomposed, 
giving off ethylamine and leaving potassium oxalate : 

C2H«(CN).COOH + 2HOK - + C‘0‘K* 

Most of the metallic cyanopropionatos are soluble in water, and contain water of 
crystallisation. Barium cyanopropionate^ Ba(C^H^N0‘)-.3H'“0, is a white powder, 
very soluble in water, but sp;iringly soluble in alcohol. It loses 1 mol. of water 
ht 160°- 170° There is also a ba.sic salt. [Ba(C'H'NO-)“.3IHO]lIlair‘()l The 
silver sail, 2CMI14igN01Jir^0, is nearly insoluble in water; the dry salt quickly 
absorbs 2 per cent, of water. There is also a basic salt, 2C'ir*AgN()lAgHO.H*0, 
obtained by adding silver nitrate to the basic barium salt. The lead salt, 
Pb(C^Il^NO-)-.Il-(), is a white powder, nearly insoluble in water. The magnesium salt, 
Mg(CH[‘NO-)^3H-'0, is extremely soluble in w;ater, drying up first to a jelly, and 
finally to a brittle mass, yielding a white powder. TYua potmsium salt, C^H*NK01H“0, 
forms a straw-coloured transparent solid. Dried at 100°, it contains b mols. of 
■water ; at 190°, only 1 ; deposited from strong alcohol and dried at 100°, it confciins 
4H-0. It is very soluble in water and in 40 per cent, alcohol, sparingly in sthong 
alcohol. The calcium salt, Ca(C^H^N0^^.4H*0 (dried at 100' ), is very soluble in 
water, and is precipitated from its aqueous solution by alcohol of 84 per cent. It loses 
about 4 per cent, (rather less than ^ mol.) of water at 200°. 

PBOPlOirTXi-PROPXOWATlS,STK'r 2 :iZC,CH^.Oir‘‘.CO.CU'.CH‘‘.C()OC'‘‘H\ 
This ether is formed by digesting ethyl propionate in a Frankland’s apparatus (i. 621) 
with sovlium. About J of an equivalent of the metal is thereby dissolved, and on 
adding acetic acid to the product, ethyl propionylpropionato is separated as a liquiil 
resembling ethyl acetate, but having a still more fragrant odour. 8p. gr. 0 9048 at O '. 
B. p. 180^-206°. It gives no colour-reaction with fi'rric chloride, and dcies not 
unite with mercuric oxide, whereas ethyl acetoacetatc unites with that oxide, forming 
a white insoluble mass (Oppenheim a. Hellon, Ber. x. 699). 

PBOPZOPBfiZroirZ!, See Ketones (p. 1162). 

PBOPTZi A:LCOHOZiS AX'D BTBBBS. Nor7iial Propyl Alcohol, 
CIP.CH*. CH^OH. — On the formation of this compound from allyl alcohol by the 
action of nascent hydrogen (zinc and sulphuric acid), see Ai-nxi. Alcohol (p. 69). It 
is found, together with butyl alcohol, in the sour waters of the wheat-starch maiiu- 
facturo, and in the volatile products of the lactic and butyric fermentation of glucose 
(Bouchardat. Compt. rend. Ixxviii. 1145). Linnenyinn, by heating the nitrite of normal 
propylamine, obtained isopropyl alcohol (vii. 1015). Accoriling to Moyer a. Forster, 
however {Ber. ix. 536), the product thus obtained is a mixture 42 per cent, normal 
and 58 per cent, isoprojiyl alcohol. 

According to Klimenko {Bull. Soc. Ckiin. [2], xxv. 294), propyl alcohol is con- 
verted by oxidation with nitric acid into propyl acetate, oxalic acid, and carbon 
dioxide. 

Bromine acts on propyl alcohol in the same manner as on ethyl alcohol (p. 744), 
producing the propyl-alcoholate of propyl-bromal, C*H*Br*O.C*H"0, which is a slightly 
yellowish liquid (Hardy). 

On the reaction of propyl alcohol with urea, see Caubamxtbs (p. 386). 

Propyl Chlorocarhonate, Cl.CO.OC’H', is formed by the action of phosgene gas on 
normal propyl alcohol. The products, after washing with water and drying over 
calcium chloride, boil between 90° and 160°, the gre.'iter part distilling over at 120°- 
1 30°, and consisting of nearly pure chlorocarhonate. This ether is a liquid, heavier 
than water, giving off a pungent vapour which strongly attacks tho eyes, and burning 
with a green flame. It is easily decomposed by distillation, and cannot therefore bo 
purified by fractionation (H. Roemer, Ber. vi. 1101). Propyl Carhonate, CO(OC*IP)*, 
js formed by dropping an ethereal solution of the chlorocarhonate on sodium propyl- 
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ate (Roomer) ; also by the action of sodium on the oxalate (Cahours, Qmvpt. rend. 
Ixxxvii. 749). It is a colourless, mobile, fragrant liquid, burning with a blue flame, 
and boiling at 160°-1(>5° (Eoemer); 156®~160® (Cahours). Sp. gr. 0*968® at 22° 
(Cahours). Propyl Carbamate, NH*.CO.OC*l^^ formed by the action of aqueous 
ammonia on the chloroftirbonate, crystallises in large colourless prisms, easily soluble 
in alcohol and ether, less soluble in water, melting at .50° ; comp. Cahours (p. 38.5). 
Propyl Phenylcarhamafe, NH(C*II“).QO.OO’H’, formed in like manner with an 
ethereal solution of aniline, crystallises in slender needles, easily soluble in alcohol, 
loss soluble in water, melting at 67°-.59° (Koemer). On Ethylidene-Propylcarhonate, 
CH*.CH(NH.CO.OC*H')*, see Carbamates (p. 386). 

Propyl Nitrite, C*ll’.O.NO, formed by passing nitrogen trioxide into propyl 
alcohol, is a fragrant liquid, liaving a specific gravity of 0*935 at 21®, and boiling 
between 43*' and 46°. On its isomeride, nitropropanc, see p. 1491. The oxalate, 
C’H*O.CO.CO.C*Il'0, is prepared by distilling anhydrous propyl alcohol with dry 
oxalic acid, (dther alono or mixed with ^ pt. sulphuric acid. The distillate, on 
addition of water, separates into two layers, the upper of which, when washed, dried, 
and rectified, yields propyl oxalate as a liquid having an aromatic odour, a specific 
gravity of 1*018 at 22°, and boiling between 209° and 211°. Ammonia converts it 
into crystalline pr opyloxamate, C^H^O.CO.CO.NIl*, which is decomposed by 
water, with reproduction of propyl alcohol and oxalic acid. The ealictflaie, 
C®H\0^).COOC*H^ prepared from propyl alcohol, salicylic acid, and strong sulphuric 
acid, in the proportions 2:2:1, forms, after washing, drying, and rectification, a 
colourless fragrant liquid, having a specific gravity of 1*021 at 21°, and boiling 
between 238° and 240°. It is slightly soluble in water, and dissolves in all propor- 
tion.s in alcohol and ether. It forms well-crystallised chloro- tmd broino-derivatives, 
is converted by fuming nitric acid at ordinary temperatures into a nitro-derivativc, 
}ind decomposed at the boiling heat with formation of picric acid. With ammonia it 
forms salicylamide. Propyl Phenate, C®H®(C*IP)0, is formed, together with barium 
cjirijonato, by distilling propyl salicylate with baryta ; more readily, however, by heat- 
ing propyl iodide with an alcoholic solution of potassium phenate in a sealed tube at 
100°-.! 10°. It is a colourless liquid, having a pleasant odour, a specific gravity of 
0 968 at 20 \ and boiling at 190°-19l°. It is violently attacked by strong nitric 
acid, and forms witli bronilni' a crystalline .substitution-product (Cahours, Compt. rend, 
Ixxvii. 749). 

Propyl Sulphide, (CPJC)'‘S, obtained by heating potassium monosulphido with 
propyl chloride or iodide in alcoholic solution, boils at 130°-135°, and has a density 
of 0 814 at 17° (Cahours, vii. 1014). 

Metallic compoundsofPropy 1. — The compounds of propyl with al uminmm, 
ylucinnm, mercury, fin, and zinc, discovered by Cahours, have been already described 
(vii. 1014). 

M'hen propyl ifxlide is licated with arsenic for twenty-four to thirty hours at 
175^-18.5°, a brown-red licjuid is formed, which solidifies at low temperatures to 
reddish-brown crystals of the compound AsI*.As(C*H^)U. Strong pota- h-ley deconi- 
{)o.scs tliis compound, with separation of an oil, and after the excess of potash has been 
.sal iiraU'd with carbonic add, absolute alcohol extracts from the product Uirapropyl- 
arsonium iodide, which crystallises in colourless prisms. Iodine dis.solvcs in its warm 
soliiti<m, forming a polyiodide, which separates on cooling in blaekisli-brown crystals 
having a metallic lustre. On distilling the above-mem ioned double compound with 
caustic pofcish, tripropyl-arsino, A‘*(CMP)*, is obtained as a liquid which has an ex- 
tremely offonsivo odour and unites dir(‘ctly w’ith alcoholic iodides. 

Zinc arsenide acts on propyl icj<lidu at I7d°-180°, forming prismatic crystals of 
the compound Znr‘.2As(C®lP)*l, wliich is decomposed by strong polash-ley in the 
same manner as the double arsenic compound. The arsenides of potassium and 
sodium act very violently on propyl iiMlidc, forming, together with tdrapropyl- 
arsonium iodide, a veiy offensive-smelling liquid, probably containing rf*- and 
arsine (Cahours, Compt. rend. Ixxvi. 1383). 

Iso- or Pseudopropyl Alcohol, CIP.CHOII.CIl*.— This alcohol is formed : 
o. By the action of hejit on propylamine nitrite (vii. 1015). fi. Together with 
pinacono, by the action of sodium on acetone in contact with a strong solution of 
potassium carbonate (p. 1.529). y. Together with carbon dioxide, by dry distillation 
of hydroxypyrotartaric acid (see Pykotartabic acid) : 


CH»— COH— COM! 

on*— com 


= 2C02 + ^ 


cn»— cilOH 
IP 


Plavitzky (Liebiys Annahn, clxxv. .380) prepares isopropyl alcohol by decomposing 
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the corresponding iodide with water and lead oside. Niederist {ihid. clxxzvi. 391 J 
heats the iodide (20 to 25 grams) with 20 times its weight of water in a closed 
champagne bottle for forty hours. 

Isopropyl-compounds are easily formed from haloid propylene compounds. 
Fropyleiie-glycol is converted by hydriodic acid into isopropyl iodide, and the oxide 
and oxychloride of propylene ; by nascent hydrogen infci isopropyl alcohol (Linnemann, 
Ann. clxi. 45). 

The following table exhibits the boiling points and densities of normal propyl 
iodide and isopropyl iodide at those temperatures at which their vapour-tensions are 
equal (F. D. Brown, JProc. Boy, Soc. xxvi. 238). 


Vapoiir- 
tension in 
millimeters 

Bolling point 
of normal 
propyl iodide 

Boiling point 
of isopropyl 
iodide 

Density of 
normal propyl 
iodide 

Density of 
isopropyl 
iodide 

Difference 

of 

densities 

200 

62-37° 

50-60° 

1-66704 

1-64690 

0-02114 

300 

73-51 

61-33 

1-64493 

i 1-62359 

>02134 

400 

81-95 

69-70 

1-62808 

1-60646 1 

! ) *02162 

500 

88-84 

76-44 

1 61446 

1-59246 i 

0-02200 1 

600 

94-70 

82-11 

1-60250 

1-58068 

002182 

700 

99-83 

87-13 

1-59221 

, 1-57035 i 

0-02186 

760 

102 63 

89-86 

1-58670 

I 1*56497 

0-02196 


PROP'S Zi-ACfiTZC ACZBS, (C^irOGIP.COOH. See Pentoic acids (p. 1000;. 
According to N. Ley QBcr, x. 230), isopropyl-hydroxyacetic acid is resolved by- 
oxidation into carbon dioxide, isopropyl aldehyde, and isobutyric acid. 

PROPYZ.-(ZSO)-ACSTYX.SirB, C'H««(C1B)2CH.C~:CII. is obtained by the 
action of alcoholic potash on isopropylethylene dibromide, (CH*)‘^CH.CHBr.CH-13r. * It 
boils at 36° (Eltekoft; see Pentylenks, p. 1603). 

PROPYZiAMZnrBSy C*H’N1I*, Propyhimine may be prepared by fermenting 
the digestive apparatus of cows, calves, sheep, or oxen for thirty-two to thirty-six 
hours at 59°-64*5‘’ Fahr. with four or five time.s its weight of water and i of potas- 
sium or sodium carbonate, then adding caustic soda, distilling off ^ of the volume of 
liquid, converting the base therein contained into liydrochloride, distilling it with soda, 
and collecting the evolved vapours in water (15. Perret, Pharm. J. Trans, [3|, 
iii. 884). 

Isopropylaraine is converted by nitrous acid into isopropyl alcohol ; normal propyl- 
amine into a mixture of normal and isopropyl alcohols (p. 1676). 

PROPYZi-BERZEirS, C«H^CJ{^ClP.CIIs. This hydrocarl)on, 

originally obtained by the action of sodium and propyl iodide on bromobenzone (vi. 
295)j may also be prepared by dropping benzyl chloride (about 60 g.) into zinc-etliyl 
previously raised to a gentle heat, decomposing the product with water, distilling in a 
stream of aqueous vapour, drying, and fractionating over sodium. It then boils at 
156’5°-158'6° (corr.), and has a density of 0*881 at 0°. Heated w-ith sulphuric acid 
(50 grams to a mixture of 40 ordinary and 50 fuming acid), it yields two isomeric 
propylbenzene-Bulphonic acids, one of which (a) forms an anhydrous barium sfilt 
crystallising in lamellae, while the barium salt of llio i3-acid crystallises with 2 mols. 
water in microscopic prisms, and is more soluble \han the o-salt. The a-lcad salt 
crystallises with 1 mol. water in scales, and is much more soluble than the i3-salt, 
which contains 2 mols. water. The a-potnssium salt fused with potasli yields a 
propyl-phenol, C*HXCHr)()H, isomeric with cumophenol (p. 693), boiling at 
about 230°, and yielding a methyl-derivative which boils at 210°-215° (Patcrn6 a. 
Spica, Gass. chim. ital. 1877, 21). 

When bromine- vapour is passed into propyl-berizone heated to 150°-160°, bromo- 
propyl-benzene or phenyl-bromopropyl, C*IP.C*lI*Br is formed, which is 
resolved on boiling into hydrogen bromide and allyl-bonzono, a 

colourless liquid having a peculiar odour, boiling under a pressure of 728 mm. at 
164*5°-165'5°, having a density of 0-924 at 16°, and a vapour-density —4 01. Allyl- 
henzene dilyromid% or Phenyl-difMrormproyyl, obtained by dropping the 

calculated quantity of bromine into allyl-benzene diluted w-ith chloroform, crysUilliscs 
from alcohol in long white silky needles melting at 65°-66°. The same compound is 
obtained by the action of 2 mols. bromine on 1 mol. propyl-benzene at 160°. The 
action of bromine on propyl-benzene gives rise also to products of still higher boiling 
point, one of which boils at 220°, and nppe.-irs to consist of hromomojryUh&nsene, 
C“U^.C*H*Br (Radzi.szew8ki, Her. vii. 143). 
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Secondary Pro^yl-henzene Alcohol^ or PhenyUethyl CarUnol, C®H'*0 = 
C*H*.CHOH.O*H*, formed by the action of sodium-amalgam on phenyl-ethyl ketone 
(propiophenone, p. 1162), boils at 212°, and has a density of 0*99 at 15° (Th. D. 
Barry, Ber, vi. 1006). 

Propylisopropylhemenet is formed by the 

action of zinc-ethyl on cymyl chloride : , 

C*H*<ChJcW ^ <CH(CHT 

The reaction is violent, so that the zinc-ethyl must be added by drops to the 
cooled liquid. Propyliscpropyl benzene boils between 211° and 212° (corr. at 746 mm.), 
and has a density of 0*8713 at 0°. By oxidation with nitric acid (4 vols. acid with 
6-7 vols. water) it is converted into propylbenzoic acid, C®H^C*H^COOH (iw/rcr), 

and homoterephthalic acid, (p. 1616) (Paterno a. Spica, Gazz, 

chim. ital 1876, 99; 1877, 361). 

IsopTopyl-allyl-henzene, C“lP(C*H')CH::ziCH — CH*, and Isopropyl- 
hutenyl-henzenct C®H^C®JP)CJIzz:CH.CH* CH®, are formed by the action of 
sodium carbonate on hydrobromocumenylcrotonic and hydrobromocumenylangclic 
acid respectively (p. 499). 

P]l0PY:LBSirZ01C acid, C^IP.C^^K^COOH, isomeric with cumic acid, is 
formed, as above stated, by oxidation of propylisopropyl-benzene. It crystallises in 
smooth colourless needles, easily soluble in ether, alcohol, benzene, and chloroform, 
sparingly in water ; melts at 138°-139°. Its ammonium salt is soluble in water, 
alcohol, and other, and its concentrated solution gives precipitates with the salts of 
the heavy metals. The composition of the silijer salt is C*H^C“H^C()OAg ; that of 
tlh! kjriim salt, (C»JP.C«Jl^COO)‘-Ba + 2U'“0 (Paterno a. Spica). 

PROPYXiBirB, CIP--CH— CH*. According to Kerstein {Tier. ix. 695), 

this hydrocarbon is obtained, mixed with hydrogen, by heating glycerol with zinc-dust. 
The dibromide obtained from it boiled at 142°, 

On Propylene JJicMorUlcs and Dibromid^s, see Pjiopanks, Ciilouo- and Buomo- 
(pp. 1071-1673). 

Bromopropylenes, C^lP'Br. The a-compound, CII*.CBr““Cir-, is best pre- ’ 
pared by heating a*dibromopropiine for live or six hours at 100° with sodium ethylate 
containing exactly the quantity of sodium necessary to remove one-half of the bro- 
mine. Tlie product, when distilled and w’ashed with water, gives, after several rccti- 
lications, the a-bromopropylene in a state of purity. It is a mobile liquid, boiling at 
47°-48° under a pressure of 742 mm. Its density is 1’39 at 9°, or 1*362 at li0°. 
With HBr it gives only one compound, namely, the dibromopropane from whicli it 
was originally prepared, boiling at 1 14 5° ; with bromine it yields the tribromiile, 
ClP.CBr^.CH^Br, boiling at 190°-191°; sp. gr. 2*33 at 12°. 

fi-Jiromopropylene, CIP.CH— CIIBr. — Ordinary bromopropylene, derived from the 
or<linary dil)romide (y) by loss of llBr, is a mixture of the two bronio-derivatives, 
Cll®.CBr“Cll‘* and ClP.CH—CllBr, which, on account of the proximity of their 
boiling points, cannot be separated by fractional distillation. The separation may, 
however, be effected by taking advantage of the double fact that HBr attaches itself 
much more rapidly to o-brornopropyleno than to its isomoride (i8), and that the com- 
bination formed with the first compound is tho more stable of the two. By thus 
sacrificing a portion of the jS-bromopropylene, tho whole of the first compound (a) 
may bo completely removed. 

Tho mixture of the three bromides resulting from the addition of IIBr to ordinary 
bromopropylene may be distilled, and the jwtion boiling under 136° collected and 
decomposed by rapid dist illation with concentrated alcoholic potash. Under these 
conditions the two isomcridos of a-dibromopropjine are completely destroyed, while 
tho latter is only partially acted on. By fractionating tho distillate, the a-dibromo- 
compound boiling at 114° may bo readily separated. This, when broken up by 
potash or by sodium ethylate, yields pure o-brornopropylone boiling at 47°-48°. 

By treating j8-bromopropylcne with bromine in tho cold, the tribromopropane, 
CH^.CHBr.CHBr'*, is obtained. It boils at 200°-201°, or 10° higher than the 
isomeride furnished by a-bromopropylenc. *Its density is 2*356 at 18° (Reboul). 

Cbloropropylenesp C®H*C1. Three of these compounds, a, y, are known, pro- 
duced by the action of alcoholic potash (abstraction of HCl) on the corresponding 
l)ropylenc di chlorides or dichloropropanes (Reboul, p. 1671). 
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a-CUoTopropylene, CH*.CCl=CH-, thus prepared from CH*.COl*.CH*, boils at 25°; 
unites "with HBr, forming the chlorohromide, CH®.CClBr.CH* (b. p. 93°), and with 
Br“ forming the dibromide, CH*.CClBr.CH‘Br (b. p. 169°-170°). 

fi-Chloropropylene^ CH*.OIfcCIlCl, prepared by heating /B-dichloropropane, 
CH^CH^CHCr-*, for four or five hours under pressure with excess of alcoholic potash, 
is a very mobile liquid lighter than water, and boiling at 35°-36°. It unites with 
HBr, forming the chlorobromide, CH*.01I*.CHClBr, which boils at llO'"’, together with 
a small quantity of CH*.CHBr.CH-Cl, which passes over at about 121°. jS-Chloropro- 
pylene unites with bromine at 16°, forming the dibromido, CH*.CIIBr.CHClBr, 
which boils at 177°-177*6°. y-Dichloropropane, CH*.CHC1.0II*Cl (ordinary pro- 
pylene chloride), in which the two chlorine-atoms belong to adjacent carbon-groups, 
yields a mixture of o- and ^hloro’proftylene^ the former predominating. 

y-CMoroprcypylene^ OH*rzCH.CH‘Cl, is identical with allyl chloride. 

Dichloropropylene^ C^H^Cr** (Pinner, Liebig's Antmlen, clxxix. 47). — This 
compound is form^, with separation of hydrochloric acid and carbon monoxide 
(production of formic acid), by tlio action of potash- or soda-ley on hutylic chloral : 

C‘H*CPO - CO - UCl = C*Ii«CP. 

It is readily acted on by 1 mol. bromine at ordinary temperatures, yielding di- 
chlorodibromopropylene, C^U’Cl-Br-, a colourless heavy oil, which boils at 
188° ; when heated in a sealed tube with excess of bromine, it yields more highly 
brominated substitution-products : 

C^H’CPBr^ + Br* = C»IICl‘Br» + HBr, &c. 

Dichlorodibromopropylcne is easily decomposed by alcoholic potash, forming a pre- 
cipitate of potassium bromide; and if after the reaction is complete the alcohol 
be diluted with 4 to 6 vols. water, mono bromodi chi orally Icn c, (PllCl'llr. 
separates as a heavy oil having an agreeable odour like tliat of chloroform, boilijjg 
without decomposition at 143°, and capable of uniting with 2 at. bromine to form d i- 
chlorotribromoppopy lene, C^^TC1-B^^ This hitter is a finely-crystallised body, 
melting at 207®, moderately soluble in cold alcohol, volatilising with alcohol, and 
emitting vapours which excite a copious flow of tears. 

Dichlorotribromopropylone, treated w'ith alcoholic potash, likewise forms an imme- 
diate and copious precipitate of potassium bromide, not however yielding dichloro- 
dibromallylene, C*Cl*IV, by elimination of liBr, but being reconverted into moiio- 
bromodiclilorallylenc, C*HCl'^Br, by elimination of Br-. Neither can the last atom of 
hydrogen be removed from C’IlCl*Br^ by the direct action of bromine, that compound 
remaining unaltered when heatcKl with bromine for a considerable time in a sealed 
tube. 

Dichloropropylene, agitated with colourle.ss hypochloroiis acid, is gradually con- 
verted into a heavy not very volatile oil, which however consists of tetrachloropro 
pylene, C*H*CP, evidently resulting from the action of chlorine set free by decompo- 
sition of the hypochlorous acid. 

Action of Nitric Acid. — When dichloropropylene is slowly dropped into well-cooled 
nitric acid, a vigorous action takes place, a clear solution being formed, from which 
n greenish oil is deposited on dilution with water: a portion of the dichloropropylene is 
however wholly destroyed, much hydrochloric acid being found in the liquid. The oily 
mass distils between 120° and 200°, with partial decomposition ; after treatment with 
tin and strong hydrochloric acid, liowever, it does not decompose on heating; by 
fractional distillation the greater part is found to pass over between 130° and 140", 
and Jit 100° to 196°. The more volatile portion is triehloropropylene, C*H*01*, 
boiling at 120°, after treatment with cau.stic potash. The higher-boiling substance 
solidifies on cooling to a camphor-like mass, possessing an odour like that of chloro- 
picrin; it is very soluble in alcohol, and on analysis gives numbers agreeing with the 
formula C®lPCl®NO*, or OTl'^CPNO'-*, better with the latter, whence apparently the 
body is trichloronitropropylene ; on treatment with caustic soda, it furnishes 
common salt and a body having the composition of dichloronitroallylene 
(b. p. 162°), formed from trichloronitropropylene by los.s of the element sof hydrochloric 
acid. 

The reducing action of the tin converts a portion of the trichloronitropropylene 
into trichloramidopropylene, C*IPC1®(NH*) ; this is, an oily base, slightly 
soluble in water, and forming a hydrochloride excessively soluble in water, readily 
soluble in alcohol; at 100° this salt decomposes into its components; it forms a 
platinochlorido, readily soluble in water and alcohol, crystallising in yellow prisms, 
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PROFTMITB OncOKS, 0»H*(OH)*. L Ordinary Propylene Glycol, 
CH*.ClIOH.CITOn, boils, according to Flawitzky, at '185-3° (at 188°-189°, Wurz, v. 
892). By potassium dichromato it is iiltimately oxidised to acetic acid. With 
dehydrating agents it yields propionic aldehyde (Flawitzky, Ber, xi. 1256). 2. Nor- 

mal Propylene Glycol, or Trimethylene Glycol, CH-OII.CH^.CH-OH. 
Keboul {Compt. rend. Ixxix. 169) prepares this compound by heating normal propylene 
bromide with potassium acetate, oithuf in a reflux apparatus or in a scaled tube 
at the tomperaturo of boiling water, and saponifying tho resulting diacetate, 
C.U“(CII'‘*.0.C'‘*H*0)*, with barium hydroxide. This glycol boils at 216° (corr.), and 
forms a very thick colourless liquid having a sweet taste, a density of r063 at 19°, 
and miscible in all proportions with water and alcohol. 

Normal Fropylenic Ether s. The diacetate maybe prepared as above, or 
better by the action of trimethylcne bromide on silver acetate at 100° in presence of 
acetic acid. It is a colourless oily liquid, of sp. gr. r070 at 19°, boiling at 209°- 
210° (corr.), soluble in 8 to 10 vols. of water. Tho dihenzoate, CJ12(Cir^O.C'H®0)*-*, 
is prepared, like the diacetate, with silver benzoate, with addition of anhydrous 
ether, and crystallises from the product — after separation of silver bromide and ether 
— in a vacuum over sulphuric acid. By recrystallisation from ether it is obtained in 
fine laminar crystals melting at 53°. The divalerate and monovalerate are formed 
together, in like manner, from silver valerate. They are oily liquids, of unpleasant 
odour, insoluble in water, tho former boiling at 260°, the latter at 280°. 

Propylene Chlorhydrin, Cll‘‘‘OH.CH*.CH2Cl, is formed, together with the 
corresponding dichloride, CH"’C1.CH-.CH“01 (p. 1671), by saturating tho correspond- 
ing glycol with dry hydrogen chloride, heating tho solution at 100° in a closed vessel 
for several hours, again saturating it with hydrochloric acid, and heating a second 
lime. Two layers are then formed, the lower after rectification yielding the di- 
chloride, while the upper, on fractional distillation, yields tho chlerhydrin, C*H’ClO, 
whiebj^oils at 160° (corr.), has a density of 1*132 at 17°, and dissolves in 2 pts. of 
water. 

Normal Propylene Oxide, is formed on heating the chlor- 

hydrin with pobissium hydroxide, but is instantly polymerised if a lif tie water is 
present. It is best thoreforo to use solid potassium hydroxide, and distil after tho 
reaction into a well-cooled receiver. The distillate, when dried over potassium 
carbonate and rectified, forms a very mobile colourless liquid having a penetrating 
odour, soluble in water in all proportions, and boiling at 50°. 

PBOPYK-BUGSXfOB, C«Jl’(OC»Il0(OCH»)C»H*. See Euoknol (p. 763). 

PROPYK-XrZTROZiZC ACZD, CH*.CH*.C<^^’Q2^,and PROPYr.-psEUDONiTROL, 
CH».C(CH»)(NO*)(NO). See Paraffins (Nitro-), p. 1494. 

PROPYXi-PBBirOKv . This compound, metameric with propyl 

phenate, C*H*.OC*lP, and isomeric with cumophenol (p. 1542), is formed by 
fusing the potassium salt of a-propylbeiizenesulphonic acid (p. 1678) with potassium 
hydroxide. It boils at about 230°, and forms a methyl-derivative boiling at 210°- 
216° (Pateriio a. Spica, Gazz. chim. ital. 1877, 21). 

PROPYB-PBBRYXi KBT01(jB, or Butyrophenone, C^H^CO.C^H^ See 
Ketones (p. 1152). 

PROTBZBS or AZiBVMZBOSBS. Nasse’s experiments {Pjiuger^s Archiv. /. 
Physiologie, vi. 589) on the decomposition of these bodies by baryta-water, and the 
conclusions thence doducible as to the state of tho nitrogen contained in them, have 
been already noticed in this Dictionary (vii. 1022). More extended researches on 
this mode of decomposition, and the light which it throws on the proximate consti- 
tution of the proteids, have been made by Schiitzenberger (Ann. Chim. Phys. [6], xvi 
289-419 ; Chem, 8oc. J. xxxvi. 542-548). 

Coagulated albumin, or other proteid, was heated with the alkaline solution for 
some hours in an autoclave, whereby ammonia and acetic acid wore obtained, 
together with a light-yellow friable residue, contiiining all the fixed principles, such as 
leucine, tyrosine, &c., formed at the expense of tho organic matter. The total weight 
of this residue amounted to about 96 per cent.,|Of the albumin used, whence it appears 
that the decomposition of albumin under the influence of baryta is accompanied by 
fixation of tho elements of water, the sum of the separate components always exhib- 
iting an excess varying from 10 to 14 per cent. The main results of tho analysis of 
this fixed residue are as follows : 

1. The mixture of fixed principles derived from albumin hydration contains 

VoL. vm. 5 Q 
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only amido'derivatives. 2. These derivatives may be divided into two portions, 
one, the weight of which amounts to about 16 to 18 per cent., containing the sub- 
stances in which tlie ratio of nitrogen to oxygen is 1 : 3 or 1 : 4 or 2 : 6. This, 
which is the more important fraction, consists of acids of the formulae 

and the third term being only a molecular 

combination of tho second and fourth. The second fraction, constituting four-fifths 
of the fixed residue, may be represented by the goneml formula arC"H**N“0*, the value 
of n being a little less than 9. As the limit of hydration is approached, tho products 
belonging to the type (whore m is a multiple of «) are progressively 

resolved into simpler bodies, apparently belonging to the same type, and those again 
into bodies of the typo which in their turn are resolved into leucines [or 

alanines], C“H“"+‘NO*, and leuceinos, This interpretation is not 

affected by tho presence of more highly oxygenated acids in the fixed residue, since 
they may be regarded as derived from any of these bodies by substitution of 0 for H*. 

The bodies most easily separated from the fixed residue w'ere tyrosine and 
leucine, C*H'NO'“, the former to tho amount of 2*3 to 3*6 per cent.; and the suc- 
cessive crystiilline deposits, obtained by progressively concentrating the solutions 
from which the leucine, &c., had been partially separated, were composed of amido- 
valeric and amido-buty ri c acids, together with two definite, crystalli sable 
products belonging respectively to the types C“1P"“*N0* and C“ir"’®~^NO‘*, viz. ty ro- 
le ucine, C^H"NO^ and a body represented by the formula C*H'*NO* ; the quantity 
of tyroleucine obtained was about 60 or 70 grams from 10 kilograms of albumin. 
Tyroleucine is a w’hite crystalline deposit of chalky aspect, nearly tasteless, soluble in 
aboiit 20 pts. of water at 15°. It molts and decomposes at 210°, breaking up into a 
white sublimate and a volatile oily base having an odour of radish and leaving an 
abundant yellow vitreous residue. The analysis of the chloroplatinato of this base 
gives it the formula of collidine, C“H"N, and that of the vitreous residue gives tho 
formula The decomposition of tyroleucine may therefore be regarded as 

proceeding thus — 

2C^H"N02 = + 2IPO 

2C'H"N02 = CO* + C"H“N + C*H'‘NO* 

whence it may be suppo 80 <l that tyroleucine is a compound of amido-valeric acid with 
a body of the formula 0‘*H"NO*, differing from tyrosine only by an atom of oxygon. 
This is rendered more probable by the fact that tyrosine, when heated under similar 
conditions, breaks up into CO* and a base, C*II"NO, which differs from collidine only 
by an atom of oxygon. 

Among tho hornologucs of leucine, amido-valeric and amido-butyric acids were 
met with in quantity, but amido-propionic acid in very small proportion only. 

Tho IfAicdnea may be regarded as amido-acids of the acrylic, or of an isomeric 
series. They reduce ammoniacal silver nitrate on warming, and are attticked by 
bromine in the cold, yielding HBr, and an acid having the formula C"H*®"*NO*. 

Both leucines and leuceYnc.s seem to be frequently produced by tho splitting up on 
crystallisatioTi of bodies of the formula C“H*“N'“0^ (i';e=10 or 12). These bodies 
have a sweet taste, and are thence (Milled by Schiitzonberger glucoprotoi'ns ; they 
crystallise loss easily than the leucines, especially the lower terms ; they are very 
soluble in water, but almost insoluble in (x>ld absolute alcohol ; alcohol of 90 per 
cent, however dissolves thorn with ease. 

Another substance resulting from tho decoiliposition of albumin, which is produced 
in considerable quantity, is ji yellow viscous body obtained by precipitating certain 
mother-liquors from which leucines have been crystallised by ether. Dried at 120°, 
it is converted into a transparent amorphous mass, which on analysis gives numbers 
comprised between the formuiso G^H®NO* and C*H’NO*, very often sensibly approxi- 
mating to ; it appears in fact to be constituted in great part of butyric 

leucine with an admixture of some superior homologuo. 

The longer tho action of baryta on albumin is continued, and the more concen- 
trated the solution, the greater is the proportion of leucines and leuceines formed, 
whilst under the contrary conditions, the intermediate bodies, or glucoprotei'ns, con- 
stitute the bulk of the fixed residue, representing the initial terms of the hydration of 
albumin; under all circumstances caproic leucine and tyrosine appear to be the 
ultimate terms of the decomposition. 

The mechanism of the reaction wouH therefore appear to admit of the following 
explanation. The albuminoid molecule losing ammonia and carbon as carbonic, 
oxalic, and acetic acids, and assimilating water, is converted into a comparatively 
simple mixture of glucoproteins, C"iP"N*0\ containing as its principal term 
: by the prolonged action of baryta and a high temperature, these gluco- 
protoins split up partly into leucines and leuceines, and partly into double compounds 
formed by the union of glucoproteins and leuceines with the leucines. 
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Schiitzenberger regards albumin as an imido-derivative, which by hydration is 
changed into a mixture of iimido-derivatives. 

On the reaction of Protei’ds with Bromine, see W. £nop {Chem. Centr, 1875, 395, 
411, 426; JahresKf. Cheni. 1875, 810). 

Digestion of Protei^. — All protoi'ds hitherto examined may be resolved by the 
action of acid gastric juico (pepsin and hydrochloric acid) into two bodies or groups 
of bodies. On the one hand, there are formed the known decomposition-products 
of proteids, viz., the soluble peptones, acid-albuir.ins, &c., while, on the other, a sharply 
defined portion remains undigestible. This latter appears to contain, together with 
nitrogen and phosphorus, a compound nearly related to iiuelei'n (A. Stutzer, Ber. 
xiii. 251). 

Action of Alkaloids mi Proteids. — According to M. J. Rossbach (N. Rep. Pharm. 
xxii. 612), the proteids contained in the various tissues of the body and in the proto- 
plasm, lose their affinity for ozone under the influence of alkaloids at 30°-40°, and at 
higher temperatures, but below that at which ordinary albumin coagulates they are 
precipitated in combination with the alloiloids. These rojictions are subject to 
numerous variations according to the particular proteids and alkaloids concerned in 
them. The combination of ozone with hanioglohin is strengthened by alkaloids, and 
its transference therefrom to other bodies more or loss prevented. The diminution of 
oxidability of the protoplasm by alkaloids is therefore determined by the alteration 
of the proteids, and the increased stability of the combination of ozone with haemo- 
globin. 

Compounds with Cupric Oxide. — Compounds of legumin, conglutin, and gluten- 
casein with cupric oxide have been prewired by H. Ritthausen {J. pr. Chem. [2], v. 
215). These bodies are precipitated by solution of cupric sulpluite from nearly all 
liquids containing proteids, provided that the acids or alkalis used to hold the proteids 
in solution are present only in slight excess. The three modilications of plant-casein 
just mtmtioiiod react very differently witli cupric solutions. Legumin in combination 
with cupric oxide not only remains unaltered, but shows little inclination to dissolve 
in water; conglutin suffers partial decomposition, attended with elimination of 
ammonia, and becomes somewhat soluble in water ; gluten- casein is but very slightly 
altered, but dissolves in water in considerable quantity. These observations have 
been extended by Ritthausen a. Rott (J. pr. Chem. [2], vii. 361) to the compounds of 
cupric oxide with milk-cascin and with the proteids which are soluble in alcohol and 
water. Those compounds dissolve in cold dilute potash-ley and are precipitated 
unaltered on neutralisation. The quantity of cupric oxide which a protei’d can take 
up, with formation of a soluble compound, is distinctly limited, and of various amount 
for different proteids. The compounds in question aro well sidaptod for the quantitative 
estimation of proteids. According to Stutzer {Tier. am. 261), the method of precipiU- 
tioii with cupric salts may bo advantageously applied to the separalion of proteids 
from other nil rogen-corn pounds occurring in plants, e.g. amygdalin, solanino, leucine, 
tyrosine, asparagine, alkaloids, thiocarbamidcs, nitrates, ammonia-salts. 

Optical and Chcmkal Characters of certain ProtddSy especially of Dialysed 
Alb urnins. — The following observations have been made by H. Haas {^Chem. Centr. 
1876, 295, 811, 824). (1). Egg-albumin and serum-albumin cannot bo freed by 

dialysis from the whole of their inorganic salt.s, the dry albumin obtained from the 
dialysed solutions yielding on the average 1 per cent, of ash. (2). Albumin-solutions 
freed from salts as compleloly as possibTe, exhibit, on boiling, or on addition of alcohol, 
at least a strong opalescence, and in most cases strong turbidity and even precipitation. 
The alteration thus exhibited by albumin in presence of only small quantities of salts 
is the same as that exhibited by natural solutions of albumin, although the two 
liquids may differ in external appearance ; the change which takes place in a solution 
of albumin, freed as far as possible from salts, must, therefore, also be roganled as 
coagulation. (3). The flocculent precipitation of albumin by hydrochloric acid or an 
acid phosphate is mainly dependent on the quantitative relation hotweeii the albumin 
and the precipitant, and is altogether independent of the concentration of the solution. 
The precipitation of albumin by acids in the form of flocks may therefore be regarded 
as a chemical process, whereas its precipitation by salts depends upon the proportion 
of water present, and must bo looked upon as a physical change. (4). The albumin 
at the end of the dialysis often exhibits an acid reaction, oven when an excess of 
alkali or alkaline carbonate was before present, but it is not yeii determined whether 
the acid reaction belongs to the albumin itself or is determined by the presence of 
foreign substances. From his own experiments, Haas inclines to the view that the 
reaction of pure albumin-solutions is neutral. (5). The specific rotatory power of 
egg-albumin is —38*08®; that of serum-albumin was found in two experiments to bo 
— 62®, in a third —56*76® ; that of fibrinogen-substance^ prepared from an ascitic fluid, 

6*Q 2 
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was — 59‘76°; that of sodium albuminate —55®. (6). The speciflc rotatory power 
of natural albumin-solutions is not altered by the salts which they contain, no matter 
in what quantity these salts may bo present. 

Comparison between Animal and Vegetable Proteids . — The following analyses of 
albumin, casein, and fibrin of animal and vegetable origin, agreeing nearly with those 
of other chemists (i. 67, 811 ; ii. 640 ; vi. 075), have been made by A. Brittner (AT. 
Rep. Pharm. xxi. 66-108 and 129-150) : 
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From these numbers it is inferred that the proto'ids of the animal organism are 
merely modifications of those previously formed in the plant. 

With regard to the properties characteristic of the members of these several 
groups, Brittner makes the following remarks : Blood-fibrin and plant-fibrin react in 
exactly the same manner as egg-, blcod-, and plant-albumin, with strong hydrochloric 
and strong nitric acid at the boiling heat ; with aqueous solution of iodine ; with a 
mixture of sugar and dilute sulphuric acid on heating ; with alkaline solution of 
cupric sulphate ; and with Millon’s reagent (vi. 970, footnote). Solutions of casein 
and legumiii are precipitated, like solutions of albumin, by alcohol, tannic acids, 
mineral acids, and metallic salts,— also by organic acids, which is not the case with 
albumin. Casein dissolves both in alkaline liquids and in very dilute acids, but nob 
in water. 

Comparative observations on protei'ds of animal and vegetable origin have also 
been made by Th. Weyl {PJiugers Archiv. f. Physiologies xii. 635 ; Zciischr. physiol. 
Chemie, i. 72). 

Vitellin, from egg-yolk dissolved in dilute aqueous sodium chloride, coagulates 
at 75® if the solution is neutral; on gradually raising the temperature, partial 
coagulation ‘takes place at 70®, but if the heat be quickly increased, coagulation does 
not commence below 80°. A body resembling vitellin in all known reactions was 
found in human amniotic liquor in a case of disease. Vitellin di*tsolvod in solution of 
common salt and precipitated by water is easily converted, on prolonged immersion 
in water, into an albuminate (casein); it is then insoluble in solution of sodium 
chloride, but dissolves in a 1 per cent, solution of sodium carbonate. Recently pre- 
pared vitellin, dissolved in a 1 per cent, solution of sodium carbonate, is but slowly 
precipitated by w’atcr alnne, but on passing carbon dioxide into the solution, an 
abundant precipitation takes place. On adding a drop of sodium carbonate solution 
to W'ater in which vitellin is suspended, the liquid immediately becomes clear, but soon 
again turbid, and clarifies itself on repeated addition of the alkaline carbonate, becom- 
ing turbid again soon after. This effect may be repeated three or four times in the 
same liquid, and appears to be peculiar to globulins dissolved in a 1 per cent, solution 
of sodium carbonate and reprecipitated by carlx)nic acid. Myosin from horse-flesh, 
dissolved in a 10 per cent, solution of sodium carbonate, coagulates at 65°-60°, and 
is converted by prolonged contact with water into albuminate, and then becomes 
insoluble in dilute solution of common .salt : it is not so easily precipitated by water 
as vitellin. Weyl has never been able to detect it in albuminous urine. Serum - 
globulin, prepared from the serum of ox-blood by diluting with water, neutralising 
with acetic acid, and passing carbon dioxide into the liquid, dissolves in a 10 per cent. 
s*dution of sodium chloride, and is precipitated therefrom by water or by saturation 
with sodium chloride, incompletely, however, in the latter case. The neutral solution 
coagulates at 75®. Serum-globulin is converted by prolonged contact with water into 
albuminate ; after drying in’a vacuum over sulphuric acid, it may be heated gradually 
up to 100® without alteration of its properties. Scrum-casein, prepared ac.cording 
to Kuhne’s directions, agrees in all its reactions with Kiihiie’s globulin. Since now 
paraglobulin (fibri noplastic substance) differs from Kiihno’s globulin only by the 
admixture of the fibrin-ferment, and as, moreover, no difference has hitherto been 
made out between globulin and serunf-cascin, it follows that blood-serum contains 
only one globulin-substance, namely, serum-globulin. 

The existence of vegetable protei’ds soluble in water, like egg-albumin, has not 
hitherto been demonstrated. Plant-globulins exhibit the same reactions as animal 
globulins and animal proteids in general. Phint-viiellin, extraefod by common salt 
solution from the seeds of oats, m lize, peas, w’hito mustard, and Para nuts, agrees in 
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all its reactions with vitellin from egg-yolk. The protei’ds of the Para nut centain 
niembraneless crystals consisting of vitellin, reacting like animal vitellin, and molting 
at 76°. The membrane of the crystals, which forms only after prolonged contact 
with water, is a precipitated membrane. The vitellin-ciystals are doubly refractive. 
The ash of vitellin consists mainly of phosphates mechanically mixed with the 
organic substance. Elementary analysis gave for the pure vitellin, 52*43 per cent. C., 
7*12 H., 18*1 N., 0'65 S. The vitellin 'analysed was free from nuclein and lecitlnn, 
and may therefore be regarded as the purest globulin-substance yet known. The 
seeds of wheat, peas, oats, white musfcird, and sweet almonds contain also a second 
proteid, viz. plant- myosin, which exhibits all the reactions of the myosin of non- 
striated muscles (iii. 1066), and coagulates at 65°-60°. Fresh seeds contain no 
protei'ds of the casein-group (albuminate). All the substances hitherto designated as 
plant-casein are artificial products, or have been formed in the seeds by secondary 
processes, having nothing to do with the natuml development of the plant. In contact 
with water, acids, or alkalis, all globulins, animal or vegetable, arc probably converted 
first into albuminates, afterwards into coagulated protcids. 

Eitthausen {Chem, Centr. 1877, 567, 586) criticises these results, and likewise 
controverts the views of lloppe-Seyler, who, in his ‘ Physiol ogischc Chemie ’ (I. Theil, 
s. 75) regards the protei'ds contained in buds, young shoots, and seeds as globuliii- 
substiinces, and expresses the opinion that Eitthiiusen’.s statements respecting the 
vegetable prote'ids arc founded on the analysis, not of pure unaltered prote'ids, but of 
substances more or loss decomposed and imperfectly purified. Eitthausen, on the 
other hand, defends his method of prewiring vegeUiblc prote'ids, and on the ground of 
numerous elementary analyses, regards vogeUiblo prote'ids as different from those of 
animal origin. 

Transformation of Proteids in the Bodies of Btminants . — Experiments on goats 
by Stohmann, Friihling a. Eost {Landw. Vers.- St. xii. 396), have led to the following 
res.;Us : 1. The total quantity of albumin decomposed in the body appears as oxida- 
tion-products in the liquid and solid excrements. 2. The transformation of albuminous 
matter is dependent on the quantity of albumin contained in the circulation. 3. The 
transformation of nitrogenous matter is accelerated by an increase in the quantity of 
water imbibed. 4. The excretion of nitrogen quickly adapts itself to an increase oi 
nitrogen in the food. 5. AVith an insufficiency of albumin in the food, the body 
becomes poorer in albumin. 6. Considerable increase in weight takes place when, 
together with a sufficiency of albumin, largo quantities of non-nit rogenous matters 
are given. These experiments show that, with regard to the transformation of 
albuminous matters in the organism, no difference exists betw'een carnivorous and 
herbivorous animals, excepting that, in the latter, part of the nitrogen leaves the body 
in the form of hippuric acid. 

Albumin. Bract ion with Potassium Hydroxide. — Kiilino, by fusing albumin 
with potash, obtained a body which he regarded as an isomeride of indole, and de- 
signated as pseudo-Uutolc ; and a similar result was obtained by Engler a. Jaiiecke 
(p. 1089). According to Nencki, however [J. jpr. Chem. [2], xvii. 97), the product 
thus obtained is not a single substance, but a mixture of indole with a body called 
skatole (q.v.), obtained also from excrements. Nencki also finds that when fused 
potash acts on albumin, leucine and tyrosine are formed, in addition to peptones, and 
that, by further action, volatile fatty acids, especially valeric acid, are produced, with 
evolution of hydrogen, indole and sl??ltole being formed at the same time. If the 
fusion is continued for a long time, the amount of peptone-like bodies decreases, and 
the leucine and valeric acid are gradually converted into butyric acid. The tyrosine 
is perfectly decomposed, and phenol appears instead. The latter body is probably 
formed from the tyrosine, since whenever phenol is produced, whether by putrefaction 
or by the action of potash, tyrosine is wanting, and vice versd. 

On the reactions of Albumin with baryta- wjiter, see p. 1681 ; with chloral, p. 439. 

Oxidation . — By oxidation with ammonium permanganate albumin is converted 
into carbamic acid (p. 382). 

Bcaction with Cyanogen . — Experiments by 0. Ixiow («7. jfjr. Chem. [2], xvi. 60) on 
the action of cyanogen on albumin, have led to the following results: (1). Cyanogen 
is directly taken up byalljiimin, with simultaneous formation of water. (2). The 
resulting addition-product, when treated witj^ alkalis, gives up the water and part of 
the cyanogen, yielding peculiar non-nitrogenised bodies. (3). An atomic group of 
small molecular weight separates from the albumin, taking up at the same time a 
relatively large quantity of cyanogen and water {oxamotdin). 

Coagulation.— a. Urbain {Conipt. rend. Ixxvii. 706), by exhausting white 
of egg with the mercury-pninp, obtained considerable quantities of carbon dioxide 
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together with small quantities of oxygen and nitrogen. They consider that carbon 
dioxide is the agent which brings about the coagulation of the egg-white on heating, 
and that coagulated egg-white is a compound of protei'n-substance with carbon 
dioxide, mixed with compounds, formed on coagulation, of the protein substance with 
salts contained in the egg-white. Albumin, exhausted by the mercury-pump of its 
carbon dioxide and volatile salts (ammonium carbonate .and sulphide), reacts like 
globulin, which indeed appears to be the protcid from which the other bodies of the 
class are formed by addition of small quantities of various substances. 

Gautier, on the other hand {Bull. Soc. Chhn, [2], xxii. 51), found that dilute solu- 
tions of egg-albumin through which a stream of hydrogen w'as passed for several days 
still remained coagulable by heat (Urbain, ibid. 484, doubts whether this treatment 
would remove the whole of the carbon dioxide) ; and he further observes that white 
of egg dried at a low temperature loses the property of coagulating by heat, but 
recoTors it when carbon dioxide is passed through the solution. 

’Regeneration of Spoilt Albumin in Print-works. In the process of calico-printing, 
the cloth soaked in a solution of albumin, and then printed with the dye-stuff, is 
finally exposed to the action of steam, whereby the albumin is coagulated and the 
dye-stuff fixed. The success of this process, however, requires that the albumin shall 
be quite fresh and unspoiled, so that a perfect solution of it may be made before the 
cloth is steeped in it. Albumin which h.as become insoluble may indeed bo rendered 
soluble again by the action of alkalis or alkaline carbonates, but at the same time 
it loses the property of coagulating in the steam-bath, which is indispensable to its 
use in printing. J. Wagner, however, find.s that 350-100 gr.ams of spoilt albumin, 
placed in contact with 30 grams of cold-washed rennet, suspended in a litre of water 
to which 10 grams of concentrated hydrochloric acid have been added, passes into 
solution at a temperature of 37'5'’ C., and that this liquid, if filtered after standing for 
twenty-five to thirty hours and neutralised with ammonia, possesses, like the aqueous 
solution of fresh albumin, the property of coagulating on the ste,am-bath, and fulfils 
all technical requirements. According to Witz, pig’s stomach acts in this way still 
more energetically than rennet. It is remarkable that .-dbuinin thus dissolved in 
pepsin is not coagulated by acetic acid. W;igner a. Witz also propose to utili.so this 
action of pepsin for freeing spoiled printed goods from the colouring matter fixed on 
them by coagulated albumin. Blood-fibrin may also bo dissolved by moans of this 
reagent more readily than by hydrochloric acid, which, as observed by Boucliardat, 
is capable by itself of dissolving filjrin (Wagner a. Witz, Dingl. pol. J. ccxix. 166). 

Bctectio'/i and Estvnation of Albumin . — To detect albumin in urine, L. Sicbold 
{Zeitschr. anal. Chem. 1874, 248) mixes the liquid with potash to slight alkaline 
reaction, filters, acidulates the filtrate with acetic acid, and heats a portion of it to 
boiling. If the lieJitcd liqui’d be now compared watli a cold portion contained in 
another tube, the slightest turbidity in the former will be easily detected. A. Ililger 
(Arch. Pharm. [3], vi. 388) has compared the several method.s proposed for the detec- 
tion of albumin in urine, and gives the preference to Boedeker’s method, which con- 
sists in precipitating the albumin in acetic acid solution with potassium ferrocyaiiide, 
observing however that the nitric acid test and the coagulation test with acetic acid 
are also worthy of notice. 

For quantitative estimation, Girgensohn (N. RcpvrL Pharm. xxii. 557) mixes the 
solution containing the albumin with half its volume of a 20 per cent, solution of 
common salt ; adds tannin in slight excess ; cftHccts the precipitate on a w’oighed 
filter; washes it with water till free from salt, and then w'ith boiling alcohol, till no 
more tannin can be detected in the filtrate: the precipitate then consists of pure 
albumin. In estimating albumin in urine by this methfxl, uric acid must first be 
removed by adding acetic acid and leaving the liquid in, the cold. 

All proteids contained in albuminous urine are precipitated by tannin added in 
slight excess, and the precipitate when treated with boiling alcohol gives up the 
whole of the tannin. The albumin in the urine of nephritic patients differs from that 
which occurs in accidental albuminuria, in the proportion in which it combines with 
tannin, the former taking np 37 and the latter 28 per cent, of that substance. The 
albumin of eggs, of serum, and of pathological secretions in general combines with 
28 per cent, of tannin. 

On Bomhardt's method of estimating albumin in solution by tlie difference of 
density of the liquid before and after the precipitation of the albumin, see Zeitschr. 
anal. Chenif 1870, 149; 1877i 124; Jahresb.f. Chem. 1870, 1056; 1877. 1088. 

Trinitro-al bumin, C^2H’®*(NO’')*N'\SO” is prepared by thoroughly triturating 
finely-pulverised and well-firied albumin in a cooled capacious mortar with 14-16 
times its weight of hydrogen nitrate, NO’II, perfectly freed from nitrons acid, or by 
briskly agitating it therewith in a cooled bottle, and after ten to fifteen minutes 
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quickly mixing the resulting gelatinous mass ■with a large quantity of water, where- 
upon the insoluble light-yellow tasteless trinitro-compound separates out. If the 
gelatinous mass bo left* to itself for several hours at a temperature below 10®, a small 
quantity of nitrogen tetroxide is given off, and a solution is formed, which, when 
touted with water, deposits a dark yellow tasteless hydroxytrinitroalbumin, 
C7VH*»»(N0*)sN*®(0H)HS0*.0n)02\ 

Trinitro-albumin dissolves without alteration in dilute alkalis, forming a reddish- 
yellow solution, from which it is precipitated in yellow flocks on addition of an acid. 
Its solution in strong hydrochloric acid may be boiled for a considerable time without 
sensible decomposition. Its solution in strong sulphuric acid, heated for some time 
and then mixed with water, yields a precipitate richer in sulphur than the original 
compound. Ilydroxytrinitroalbumin exhibits similar reactions (0. Loew, *7. pr. Chem. 
[2], V. 433). 

On Hexnitro- and Hexamido-albumin-sulphonic acids, see vol. vii. p. 646. 

Comjxnmds of AUmmin with Ands and Alkalis. — Acid compounds of albumin are 
formed by pouring a solution of white of egg into a parchment-paper dialyser, and 
leaving it for twenty-four hours in contact with a dilute acid — e.g. nitric, hydrochloric, 
sulpliuric, orthophosphoric, motaphosphoric, citric, oxalic, acetic, or tartaric acid, 
contained in an outer vessel. Most of these compounds are gelatinous. For a quantity 
of albumin represented by Licbcrkiihn’s formula, the compounds con- 

tain 2 mols. nitric, 2 mols. hydrocldoric, 1 mol. sulphuric, § mol. phosphoric acid. 
They are all precipitated by nitric, sulphuric, hydrochloric, metaphosphoric, and 
picric acid; some also by polas.sium ferrocyanide, ammonium chloride, basic lead 
acetate, mercuric chloride, barium chloride, silver nitrate, alcohol, phenol, and tannin 
(G. S. Johnson, Chem. Soc. J. xxvii. 734). 

J.»Soyka(iylw(i 7 <T’.s Atchiv. xii. 347) finds, from comparative experiments on acid - 
albumin find alkali-albuminate (vi. 972), that these bodies exactly re.semblo 
one another in their reactions, and that tlie hitherto assumed difference in their pre- 
cipitfibility by acids in presence of an alkaline phosphate lias no existence. An 
alkaline solution either of albuminate or of acid-albumin containing phosphate may 
bo mixed with an acid till acid reaction becomes apparent, without formation of a 
precipitate. At the limit of pivcipitability, the still transparent solutions exhibit an 
amphoteric reaction and contain 9 mols. acid phosphate, (Mll'-FO^), to 1 mol. normal 
phosphate, (M^HPO'); if the relative quantity of the acid phosphate is further 
increased, precipitation takes place. Soyka proposes to retain the names albuminate 
and acid-albumin, and to dcsipate as protein the body which, in combination with 
acid.s, forms acid-albumin, and in combination with a base, albuminate. lie considers 
that, in spite of th(! concordant reactions of the two, there is no ground for the 
assumption that acid-albumin and albuminate, are identiciil in composition and con- 
stitution. Even if albuminate and acid-albumin prepared from albumin exhibit no 
differences in their precipitates, such difference, s become apparent when these precipi- 
tates arc compared -with those of syntonin and albuminate ■wliicli have been prepared 
from flesh. Whether tlie.se differences arise from a diversity in the proteins of those 
substances, or are duo to admixtures, is a point which cannot yet be decided, as 
neit her the olcmentary analyses nor the decompo.‘<ition observed by Nasso ( 101 . 1023) 
afford any satisfactory evidence relating to it. Soyka refers the acid-albumins and 
albuminates to one and the same albuminoid -group (both as above-mentioned contain- 
ing protein united in the 0110 ca.se with an acid, in the other with a base), and divides 
the soluble proteids into three grou|>N : alhumins, proteins, and gtotndins. 

According to Heynsius- x. 1), the alkali-albuminates differ from one 
another according to the concentration of the alkali used in their preparation; para- 
globulin is identical with the albuminate obtained with W'cak alkali. The acid- 
albumins also differ from one another according to the concentration of the acid used 
in preparing them. 

All albuminates when dissolved in excess of glacial acetic acid, and treated with 
strong sulphuric acid, exhibit a splendid violet colour and faint fluorescence, and if 
sufficiently concentrated, an absorption in the spectrum, which, like that of urobilin 
and the red oxidation -product of bile-pigment (choletelin) lies between the lines 11 
and F. Bodies not chemically related to the albuminates do not exhibit this reaction. 
Peptones (p. 1688) exhibit it, and must tljeroforo bo classed with the albuminates 
(Adam Kiewicz, Ber, viii. 161). 

Bar albumin. — This variety of albumiif, which Scherer obtained fronj an ovarian 
evst (i. 68), exhibits, according to Iluppert {Zeitschr. anal. Chem. xvi. 248) the following 
characteristic reactions: (1). It does not sepirato on boiling from a solution to which 
acetic acid has been added, differing therein from serum -albumin, which by proper 
regulation of the quantity of acetic acid, maiy be completely separated on boiling iu 
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large flakes, the liquid becoming quite clear ; a solution of paralbumin similarly 
treated always remains milky whatever maybe the quantity of acetic acid added. 

(2) . When a liquid containing paralbumin is digested for some time in a water 'bath 
with hydrochloric acid of 0*1 per cent., sugar is produced. Paralbumin is not peculiar 
to ovarian cysts, but occurs also in other cysls, and in the liquid of ascites. 

Casein. The identity of casein with potassium albuminate, on which doubts 
have been thrown (vi. 973), is confirmed by the following facts : (1). Both casein 
from milk and artiticially prepared potassium albuminate are precipitated from 
alkaline solutions by rennet. (2). Neither of them is precipitated by sodium carbonate. 

(3) . The filtration of the two bodies through cells of porous earthenware is influenced 
by the same circumstances. (4). Both are decomjiosed by alkaline hydroxides under 
otherwise similar circumstances, with formation of a sulphide of alkali-metal. (6). The 
differences observed in the optical rotatory power of the two are not sufficient to show 
that they are distinct bodies (Soxhlet, J. pr. Chem. [2], vi. 1). 

According to B4champ {Gompt. rend. Ixxviii. 1676), casein is decomposed at 140°, 
part becoming soluble in alkalis, the other not; a small portion of the latter, however, 
dissolves in acetic acid. A solution of casein in acetic acid yields, on evaporation in 
a vacuum, an inodorous horny mass having a sour taste. 100 pts. of casein take up 
33*1 acetic acid. Butyric acid likewise unites easily w'ith casein. 

Conversion of Casein into Alhumin. — The addition of a drop of mustard-oil to 
20 grams of cow’s milk prevents the coagulation of the milk, and after five to seven 
weeks, the casein is found to bo converted into albumin, the liquid having a strong 
acid reaction. This transformation of casein appears to be a process of oxidation. 
If the milk treated with mustard-oil bo poured into an earthenware cell standing in a 
solution of permanganate, considerable quantities of albumin are formed in a few 
days (Schwalbe, Ber. v. 286). 

On the Separation of Casein from Milk by Dialysis, see Milk (p. 1326). On,t.he 
Morphology of Milk-casein, see F. A. Kohrer /. Chyndkologie^ ii. 1 ; Jahresh.f 
Chem. 1874, 931). 

Fibrin. According to .T. Goodman {Bep. Br. Assoc. 1871, 72), egg-albumin in 
contact with wat.er is converted in a short time into fibrin ; compare Smeo (ii. 639). 
On the other hand, albumin may bn produced by decomposition of fibrin. When 
blood-fibrin is dissolved in salt water, the liquid, mixed with a trace of prussic acid, 
to prevent putrefaction, and .subjected to dialysis till the salt is almost completely 
removed, the solution thus freed from salt is found to contain two proteids, evidently 
resulting from the decomposition of the fibrin, one coagulablo by heat, precipitated 
by mineral acids and mercuric chloride, and exhibiting the percentage composition of 
albumin, while the other is not coagulated by heat and yields an ash rich in calcium 
phosphate and magnesia (Gautier, Compt. rend. Ixxix. 227). 

Irem in Fibrin. — The proportion of iron in the fibrin, blood-corpuscles, and albumin 
obtained from the blood of a half-fatted cow has been determined by Boussingault 
{Arch. Pharm. [3], iii. 626). The amounts per cent, in the air-dried substances were 


found to be : 

Ajsh Iron 

Fibrin 2*161 00466 

Corpuscles 1*326 03600 

Albumin 8f‘710 0*0863 


Pancreatic Bigestim. — The products of the pancreatic digestion of fibrin jdeld a 
distillate exhibiting the reactions of i n dole (Ncncki, Ber. vii. 1693). Other proteids 
similarly treated likewise yield indole (p. 1089). 

On the Coagulation of Fibrin, .see A. Schmidt {Compt. rend. Ixxxiv. 78, 112; 
Chem. 8oc. J. xxxi. 483, 726), and 0. Hammarsten {Pfiuger's Archiv. f. Physioloqie. 
xiv. 211-273 ; Chem. Soc. J. xxxi. 726). 

On Myosin, see p. 1684. 

Peptones. The preparation and reactions of these bodies have been studied by 
E. Maly {Liebids Annalen, clxxy. 178). To prepare them, purified dry fibrin, after 
maceration in dilute hydrochloric acid, is digested for two or three days with pepsin, 
and the resulting solution is neutralised with sodium carbonate, boiled, filtered, and 
evaporated. It is then subjected to prolonged dialysis to remove chlorides, and the 
peptone-solution removed from the dialyser is filtered, if necessary, concentrated, and 
fractionally precipitated with alcohol. 

This peptone solution gives with acetic acid and potassium ferrocyanide a precipi- 
tate which dissolves in hydrochloric and in nitric acids— a reaction likewise exhibited 
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by ppoteids in their original state. As the moan of several analyses of various pep- 
tone-preparations, Maly found 51*40 per cent. C., 6*95 H., and 17'31 N, He regards 
peptone, not as a mixture of decomposition-products of proteids, but as a distinct and 
independent substance, differing but little in elementary composition from the proteiVl 
from which it is produced. 

To determine the nutritive value of peptone, respecting which opinions have 
hitherto been much divided, Maly mad« experiments on pigeons with peptone prepared 
from blood-fibrin in the manner" above described, the quantity given being exactly 
equivalent to the albumin in the food previously supplied to the birds. These ex- 
periments led to the conclusion that peptone is still an unresolved protein-molecule, 
capable of replacing albumin, useful and available for the organism, and a product of 
digestion capable of reconstruction into albumin and assimilation by the organism. 

Peptones dissolved in glacial acetic acid, and treated with strong sulphuric acid, 
exhibit the same violet colour, fluorescence and absorption-spectrum as unaltered 
proteids, whereas bodies not related to the proteids do not exhibit these appearances. 
Hence it follows that all peptones strand to the proteids in a closer relation than the 
products of decomposition of those bodies, such as leucine, tyrosine, &c. (Adam- 
kiewicz, Ber, viii. 161). 

According to Huppert vi. 1279), the so-called ‘peptone,’ obtained by pan- 
crcfitic digestion of proteids, is a mixture of leucine, tyrosine, and at least two other 
substances as far removed from the proteids as the two just mentioned. 

Detection in Urine . — To detect peptones in albuminous urine, Senator {Zcitschr. 
anal. Chem, vii. 474) removes the albumin in the ordinary way, by heating with or 
without addition of acetic acid, and mixes the filtrate with three times its bulk of 
alcohol, whereby the peptone is thrown dow'ii in the form of a yellow precipitate which 
is insoluble in alcohol but soluble in water, and is coloured yellow by nitric acid. 


Appendix to Proteids. 

Gelatinous Substances. From experiments by Sebiitzenberger a. Bourgeois 
(Compt. rend. Ixxxii. 262), it appears that when isinglass, ossein, gelatin, and chon- 
drin arc decomposed by the method applied by Sebiitzenberger to proteids (p. 1681), 
they likewise yield ammonia, carbon dioxide, and oxalic acid, in such proportions as 
to show that they consist of urea and oxamide. The analysis of the mixture of amido- 
compounds thus produced shows that the mode of decomposition is nearly the same 
for isinglass, o.ssein, and glue, but somewhat different for cbondrin. For the first 
three bodies it may be represented by the equation : 

-I- ISH^O = -i- CO* + 0*6C*H«0* + 4NH» + C”H>«N“0<® 

Gelatin. Oxalic Acetic Mixturo'of 

acid. acid. amides. 

The mixture of amides is composed as follows: 

= 6C2H*NO* + 2C»II»NO* + 2C^TPNO* 

Olycodne. Alanine. Araidobutyric 

acid. 

+ 6C'H^NO*^+ 2C»H®NO* + 2C«Il'‘NO* 

Amido-compounds of the acrylic scries. 

For chondrin the mode of decomposition is : 

+ 18H*0 

= C*H20^ + CO* -»• 1*6C*H<0* + 4NH* + C”H*”N=®0** 

Mixture of 
amides. 

Gelatin boiled with dilute sulphuric acid yields, according to Gachtgens {Zeitschr, 
physiol. Chem. i. 299), aspartic and glutamic acids in small quantity, a compound 
C*%**N*0®, crystallising in prisms, and two substances agreeing nearly in composition 
with alanine and amidobutyric acid respectively. Gaohtgens tliinks it probable that 
the compound C"H‘“»N®0® may bo resolvable by repeated crystallisation into C®H’NO», 
0‘H«N0-, and Cai^NO*. 

According to Bizio cUm. ital. 1876, 255), a slightly alkaline solution of 

gelatin reduces mercuric chloride and oxide, with separation of metallic silver. 

Nutritive value of Gelati^enous Tissues, From experiments by J. Etzingor 
[N. 2?<5p. Fharm, xxiii. 636) it appears that bones, cartilage, and tendons, by virtue of 
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the gelatinous substance contained in them, play an important part in animal nutrition. 
Tendons are the most readily digested ; bones pass so rapidly through the alimentary 
canal, that only a small portion of their organic substance is absorbed during the 
passage. As gclatigonoiis tissues contain but a small proportion of albumin, their 
nutritive value must be propfjrtional to the quantity of gelatin which can be obtained 
from them ; tliey are capable of saving a large quantity of albumin, which would be 
decomposed in their absence. 

C. Voit {Zeitschr.f. Biologic^ viii. 2971 finds, by feeding experiments on animals, 
that gelatin is not capable of entirely replacing albumin in nutrition. In the animal 
body a distinction must be made between circulating albumin and organic albumin. 
The former is subject to rapid decomposition ; the latter is not decomposed as such, 
but is converted into circulating albumin only when the food does not contain a 
quantity of albumin sufficient to cover the loss of circulating albumin. If the food 
contains an excess of albumin, that excess is stored up ns organic albumin. Now 
gelatin can never yield organic albumin, l-*ul it may replace the circulating albumin 
in so far as it prevents the conversion of organic into circulating albumin. In a large 
dog, 168 pts. of gelatin were found to bo capable of replacing 84 pts. of albumin in 
the food. Gelatin also diminishes the waste of fat in the body, 200 pts. of gelatin 
acting in the same way as 74 pts. of fat. 


PROTOCATECRVZC 


ACZB, 

OH 


ACZD, C‘H«0* = C00n< 


)r [I ; 3 : 4] DZB7BROZT8EirZOZC 

On the formation and constitution of this 


acid, see vii. 431, 932, 1023 ; viii. 289. On its formation from Narcotine-derivatives, 
viii. 1384. It is also produced by the action of melting potash on iodoparahydroxy- 
benzaldohyde, C®H’*I(OIl)(CIIO) (Tiemann a. Herzf(‘ld, Btr. x. 213), on Peruvian 
guaiac-resin (p. 899), and on angelica-resin (C. Brimmer, N. Bep. Pharm. xxiv. 641). 


:<3oh. 


Action of Nitrotis gas . — When this gas is passed into an ethereal solution ^pf 
protocatechuic acid, nitrogen dioxide and carbon dioxide are evolved, and a com- 
plicated reaction takes place, resulting in the formation of oxalic acid, carboxytnrtronic 
acid, dinitrodihydroxyquinone, trinitrophenol, o-dinitroplienol, and nitrohydroxybenzoic 
acid. On shaking up the ethereal solution with water, and adding sodium carbonate 
to the resulting aqueous solution, sodium carboxytartronato, C*H*Na*0', separates 
out as a heavy white crystalline powder. When the tiltrato from this precipitate is 
neutralised with sodium carbonate, glistening yellow scales of sodium dinitrodi- 
hydroxyquinono are deposited. The mother-liquor contained oxalic acid and a nitro- 
product which could not be isolated. 

Sodium carboxytartronate is decomposed by water (in which it is almost insoluble) 
at 60®, carbon dioxide being given off and sodium tartronate formed : 


OH.C(COONa)*(COOH) = OII.CCCOONa)2H + CO*. 

The same change takes place when the dry sodium salt is heated at 100°. Car 
boxytartronic aeid has not been isolated. 

Sodium-dinitrodikydroxyquinone^ C®Na^II*0’’-f- 2IPO, has a strong metallic lustre, 
and the colour of brass. It di.ssolves freely in hot water, forming a brown solution. 
The free acid is very unstable ; it crystallises in long greenish-yellow needles, which 
arc freely soluble in- water or alcohol, and but sparingly in ether. 

On evaporating tho ethereal solution of the crude product of the action of 
nitrous gas on protocatechuic acid, a mixture df picric acid, a-dinitrophenol, and 
nitrohydroxyhenzoia acid is deposited. The mother-liquor contains picric and oxalic 
acids, and a small quantity of a uitro-product which dissolves in potash with a 
splendid purple coloration. 

Tho nitrohydroxybenzoic acid was separated from a-dimtrophenol by rocrystal- 
lisation from cold alcohol, in which the latter is sparingly soluble, and purified by 
recrystallisation from hot benzene, from which it is deposited on cooling, in compact 
yellow needles (m. p. 178'^), freely soluble in alcohol, ether, and hot water. Tho 
hydrochloride of the amidohydroxybmzoic add, obtained by reduction of the nitro-acid 
with tin and hydrochloric acid, czystallises in slender needles. The sulphate forms 
microscopic crystals (Gruber, Ber, xii. 614). 



PROTOCATEOHUIO ACIDS (METHYL-). 


1691 


Homologues of Protocatechuic Acid and Allied Compounds (F. Tiemann, 

Scr. xi. 659). 

The compounds containing the common group and therefore de- 

rivable from protocatechuic acid, J|^^C«IP.CO.OII, may bo arranged in four 
parallel series, viz. : 

1. The Protocatecliuicserks proper j the members of which contain in the side-chain 
a single carbon-atom — C=. 

2. The orHamoprotocatechuic .series^ the characteristic group of which is the side- 
chain — CU‘^-CEE. 

3. The Hydrocaffcic aeries, the members of which contain in the side-chain the 
group — CU2— CH**— C;:::. 

4. The Caffnc series, containing in the side-chain the group — — C=. 

TJio first of the two following tables (p. 1692) exhibits the constitution and melting 

points of the known acids of these protocatechuic scries, from which it will be seen that 
the melting point of an acid in each homologous series is for the most part lower as the 
position of the acid in that st'ries is higher; and, on the other hand, that a gradual 
rise of melting point takes place on passing from the hydroctaffeic to the cafFcic series. 
Tlio second table shows the relations, in constitution and melting point, of the acids 
of the protocatechuic series proper to tlio corresponding aldehydes and alcohols, and 
to the phenols formed from the acids by conversion of the COOH-group into CH®. 

The letters m and p in these tables denote that the radicles to which they are 
attached are in the meta and pam positions with respect to the carboxyl-group. 

Metbyl-protooateohutc Acids s 

• 1 .3 4 

Vanillic acid .... 0^(000 H)(OCH»)(OH) 

Isovanillic acid .... C“IP(COOH)(OH)(OCH®) 
Veratricacid .... C''H»(CO()ir)(OCIl®)(OOH") 

Those acids have already been described (under Dioxtbenzoic Acids, pp. 289-292). 
The following additional observations on them have been recently published by 
K. U. Matsmoto (Ber. xi. 122). 

Isovanillic acid is bo.st prepared by heating veratric acid (2 grams) for five 
hours at 16()'"-170° with dilute hydrochloric acid (75 c.c. of a mixture of 1 pt. hydro- 
chloric acid, sp. gr. 1*20, and 2 pts. water), and may be purified by boiling it with 
acetic acid, and pouring the product into Avatcr, whereupon acetisovanillin separates 
out, while, veratric acid remains in solution. The acetyl-compound, boiled Avith dilute 
potash-solution, yields pure isovanillic acid. This acid crystallises in shining tran- 
sparent prisms, lik(j those of Amnillic acid, and melts at 250°. It is soluble in alcohol 
and ether. Its aqueous solutions give no reaction with ferric chloride. The alkaline 
isovanillates .are easily soluble in Avater, and those of barium, calcium, and magnesium 
are tolerably soluble salts, crysUllising in needles. The lead salt is obtained as a 
difficultly soluble white crystalline precipitate; the silver salt is also white, and is 
decomposed by light less rapidly than the vanillato. 

The following are the solubilities of the three methylated protocatechuic acids in 
water ; 

Pts. of water, 
at 14° at lOQo 

1 pt. veratric acid . . . (m. p. 174°-175°) 2100-2150 160-165 

1 „ vanillic acid . . • ( n 207°) 850- 860 39- 40 

1 „ isovanillic acid . . ( „ 250°) 1660-1700 165-160 

The methyl and ethyl ethers of these acids were obtained by passing hydrochloric 
acid gas through a solution of the acid in the respective alcohols. 

Methyl Vanillate, C“H®(OCH*)OH.COOCn*, crystallises in shining white needles 
molting at 62°-63°. It boils at 286°-287°, and is not attacked by alkalis at the 
ordinary temperature. 

Methyl Veratratc, C*H*(OCII®)^COOCH*, is difficultly soluble in water, easily in 
ether and alcohol, and crystallises from ita alcoholic solution in white needles. It 
melts at 59°-G0°, and boils at 300°, is odourless, and not attacked by ammonia or 
alkalis at the ordinary temperature. This ether may also be prepared by heating 
potassium hydrate, methyl iodide, and vanillic acid in sealed tubes. The product of 
the reaction is then shaken up with ether, and the ethereal solution treated with 
dilute solution of potassium hydrate to remove unaltered vanillic acid. 
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Ethyl Veratrate oiystallises in colourless needles, soluble in alcohol and ether, 
melts at 4 3® -44°, and boils at 295®-296®. 

Methyl Nitroveratrate, C®II2(NO=)(OCH*)2CO“CH*, prepared, like the ethyl-com- 
pound (p. 290), from nitroveratric acid, is sparingly soluble in water and cold alcohol, 
but dissolvos easily in boiling alcohol and ether, and crystallises in needles melting 
at 1430-144°. 

Methyl Isonitroveratrate, produced’ by heating nitro vanillic acid with methyl iodide 
and potassium hydrate, dissolves sparingly in water, readily in alcohol and ether, and 
crystallises from dilute alcohol in hard shining needles melting at 1270-128°. The 
diiference in properties between this and the preceding ether shows that the position 
of the nitro-gpoup in nitrovanillic acid is different from that which it occupies in 
nitroveratric acid. The last-described other yields by saponification isonitro- 
veratric acid, C®IP(NO*)(OCH*)‘‘COOH, which crystallises in white anhydrous 
needles melting at 200®-202o. 

Ethyl Amidoveratrate, C*II2(NlI-)(0CII*)*C0®C*n*, is produced by treating the 
corresponding nitro-ether with tin and hydrochloric acid, and may be separated from 
the solution of its hydrochloride by dilute soda-ley or ammonia. It crystallises from 
dilute alcohol in small colourless needles molting at 88°-89°. 

Acetisovanillic acid, C*.C00IT.H.0C*H®0.0CHMI2, prepared, like aceto- 
vanillic acid (p. 290), by digesting isovanillic acid at 100°, and precipitating with 
water, crystallises from dilute alcohol in shining scales melting at 206°-207°, very 
slightly soluble in water, easily soluble in alcohol and ether. 

Nitro-acetisovanillic acid, C«H2(NO2)(O.C2H»O)m(0CU®)i,CO0H, prepared 
like nitro-acctovanillic acid (p. 290), crystallises in shining needles molting at 168°- 
169°, sparingly soluble in cold water, more freely in hot water, easily in alcohol 
and ether. By boiling with alkalis, it is converted into nitroisovanillic acid, 
C“H*(NO‘'')(OH)n,(OCfP)pCOOH, which crystallises from hot water in spherical groups 
(Needles melting at 172°-173°, easily soluble in alcohol and ether. 

Bromoveratric acid, C®H2Br(OCH.*)^OOOH, first obtained, though not pure, 
by Kolle (vii. 432), may be prepared by adding bromine (rather more than 1 mol.) to 
a hot aqueous solution of 1 mol. voratric acid. A rod resin then separates, and from 
the liquid decanted therefrom the brominated acid crystallises in colourless needles 
melting at 183°- 184°. It is nearly insoluble in cold water, slightly soluble in hot 
water, easily in alcohol and ether. By fusion with potash it yields gallic acid. 

The red rosin contains dibromodimothylcatechol, or dibromoveratrol, 
C*H'‘*Br*(OCH*)'‘*, which may be extracted from it by solution in alcohol, and sepa- 
rates from the alcoholic solution, first as an emulsion, afterwards crystalline. From 
dilute alcohol it crystallises in hard shining prisms molting at 83°-84°. 

Bromoacetovanillio acid, C®H“Br(0CH®)(0C'*H®0)C00H, is produced, to- 
gether with bromovanillic acid, by bromination of acetovanillic acid, and crystallises 
from hot water or dilute alcohol in anhydrous prisms melting at 165°-167°. 

Bromovanillic acid, C®H’^Br(0CII*)(01I)C00H, obtained by the action of 
potash-ley on its aceto-derivativo, is much more soluble in water than the latter, very 
soluble in alcohol and ether, and crystallises from hot water with 1 mol. H'-'O, which 
is given off at 100°-110°. The dehydrated compound melts at 192°-193°. When 
heated with methyl iodide and potassium hydrate, it is converted into the methyl- 
ether of the above-described bromoveratric acid. Hence it appears that— contrary to 
what takes place with the nitro-group, — the bromine replaces in acetovanillic acid 
the same hydrogen-atom as in acetovcratric acid. 


Caflleio and Ferullc Acids. The following details respecting the preparation 
and properties of those acids, and some of their derivatives, are given by F. llemann 
a. Nagajosi-Nagai {Bcr. xi. 658). 


in p 

AcetovanilUn, C®H®.(C0n).(0.CH*X0.C*H*0), is best prepared by allowing the 
sodium-compound of vanillin to remain in contact with an ethereal solution of acetic 
anhydride. for some hours. It forms large flat needles which melt at 77° ; it is easily 
soluble in alcohol and ether, but only sparingly in water. 

m p 

Acetoferulic acid, C®H*(CH=CH.COOH)(O.CH®)(O.CaPO), is formed by heating 
either vanillin or the preceding compound with anhydrous sodium acetate and acetic 
anhydride. It crystallises in slender needles melting at 196°- 197° ; it is readily 
soluble in alcohol and in ether, but with difficulty in water. 


in p 

Ferulic acid, C®H*.(Citi:CH.COOH)(O.CH®)(OH), results from the decomposi- 



1694 


PSEUDACONITINB. 


tion of the preceding compound by sodium hydrate. This synthetic acid crystallises 
fimm boiling water in brittle, high refractive prisms, melting at 168^-169°, which is 
also the melting point of ferulic acid prepared from asa^tida (p. 785). In order, 
finally, to establish the identity of these products: (1) the latter was heated with 
acetic anhydride, and found to yield a body identical in all respects with the aceto- 
ferulic acid described above ; and (2) the acetoferulic acid thus prepared from the 
* natural ’ acid w'as oxidised by potassium pei^manganate in acetic acid solution, and 
found to yield acetovanillin and acotovanillic acid. 

In ferulic acid the hydrogen both of the carboxyl-group and of the phenolic 
hydroxyl is capable of being replaced by metals, so that it yields two classes of salts, 
of which the primary ammonium and secondary potassium salts have been obtained 
by Hlasiwetz. Ferulic acid is a hydroxybmcthoxyl -cinnamic acid, and can readily 
take up two hydrogen-atoms, forming hydroforulic acid. 

m p 

Hydroferulic acid, C'*II*(CII*.CH2 COOH)(OCH*)(OH), is easily obtained by the 
action of reducing agents upon ferulic acid. It crystallises from its aqueous solution 
in microscopic plates (m. p. 89°-90®), which are very easily soluble in alcohol, ether, 
and hot water. Like the preceding it forms two classes of salts. 

m p 

DiTnethylcaffeic OLcid, C®H*(CH— OH.COOHXO.CH*)*, or Methylferulic add, may 
be prepared by replacing either the two hydroxyl-groups of caffeic or dioxyciniiamic 
acid, or the single hydroxyl-group of ferulic acid with methoxyl, by heating them 
with potash and methyl iodide in methyl-alcohol solution. Dimethylcaffoic acid 
crystallises in needles which melt at 180^-181^. It is monobasic, and forms easily 
soluble salts with the metals of the alkalis and alkaline earths. 

m p 

Hydrodimethylcaffdc add, C®HXCH-.ClI-.COOII)(OCH*)2, was obtained by re- 
duction from dimcthylcaffeic acid prepared either from ferulic acid or from caffeic 
acid : the products were identical. This acid crystallises from its aqueous solution, 
slender needles which melt at 96°-97° to an oil which solidifies at 60°. 

m p 

laoferulio acid, C®II*(CII=:CH.COOIf)(OH)(OCH®), is formed by heating caffeic 
acid with methyl iodide and potassium hydrate in quantity less than sufficient for the 
complete replacement of its hydroxyl. The methyl ethers of isoferulic and dimethyl- 
caffeic acids thereby obtained are easily sepfirated, and the isoferulic acid may be 
isolated, after saponification, in the form of crystals which melt at 211®~212®. It 
forms two classes of salts. 

Hydroisqferulic add, C*H®(0H* Cn'.COOH)(OII)(OCIi*), is readily formed from 
the preceding acid by reduction. The pure acid forms slender colourless needles 
which melt at 146° to an oil which solidifies at 189°. 

Synthesis of Caffeic Add. — By the action of sodium acetate and acetic anhydride 
on protocatechu ic aldehyde, the latter is converted into a diacetocaffeic acid, 
m p 

C*H*(CHz::::CH.C00H)(0C*lI®0)(0C*IP0), identical in every respect with that which 
is obtained by the action of acetic anhydride on caffeic acid ; it crystallises in slender 
needles, melts at 190°-191°, aud when heated with potash-solution, is readily con- 
verted into caffeic acid. 

PSBVDACONXrnrS and AXiUBB 8ASBS (Wright a. Luff, Chem. Soc. J. 
xxxiii. 161 ; xxxv. 387 ; Chem. News, xxxvii. 67, 215 ; xxxix. 224). 

Paeudaconltlnef is the chief basic constituent of Aconitum ferox, 

but is very difficult to obtain in the pure state, as in the process of extraction it is 
partly converted, by loss of II^O, into apopseudaconitine, C®®U*'NO“, which adheres 
to it with great obstinacy, and it is only after a long process of purification (described 
in the paper above cited) that the pseudaconitino exhibits the composition represented 
by the formula C»-H«NO;*. • 

Pure pseudaconitino is more soluble in alcohol and ether than aconitine, and 
crystallises by slow evaporation from ether, or better from a mixture of ether and 
light petroleum, in transparent needles and sandy crystals ; after rapid evaporation 
it remains syrupy. In the air-dried state it contains 1 mol. water of crystallisation, 
which is given off at 80° in a stream of air, and more quickly at 100°, the residue at 
the same time slightly caking together. At 104°-105° it molts to a viscid transparent 
liquid. The solutions of its ssdts form Avry sparingly soluble precipitates with 
potassio-mercuric iodide and bromide, somewhat more soluble precipitates with 
mercuric chloride, auric chloride, iodised potassium iodide, alkalis and their carbon- 
ales, and tannin. 

Fseudaconitine may be heated for some time at 105° without sensible alteration 
of weight, but when it is heated to 135°— or its acetate to 130°- 140°- then dissolved 
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in alcohol, precipitated by sodium carbonate, and taken up by ether, amorphous 
bases (forming also amorphous salts) are produced, represented by the formulae 
2C»«H«N0'2-3H20 and C«»U«NO>*— 2H20. 

Apopaeudaconitinet C“H*'NO^*, is formed by abstraction of water from 
pseudaconitlno under the influence of mineral acids. The action takes place even 
with very dilute acids and at ordinary temperatures, but is not complete oven at 100®; 
it is however mainly represented by tKe equation = + and 

the apopseudaconitino may bo easily separated from the product by supersaturation 
with sodium carbonate and agitation with ether. This base is very much like pseud- 
aconitine, but somewhat less soluble in alcohol and ether. In the air-dried state it 
contains 1 mol. H*0, which is given off at 100®. It forms a well- crystallised nitraiet 
and an aurochloridet 0*®H”NO”,HGl,AuCl*, very much like that of pseudaconitino. 

Acetyl-apopseudaconitine^ is formed on heating pseudaconitino 

at* 100® with acetic anhydride or glacial acetic acid, and separated from the product 
by agitation with ether. It is crystalline, contains in the air-dried state 1 mol. water, 
forms a woll-crystallised nitrate and aurochloride. By saponification with alkalis it 
is resolved into acetic and dimethylprotocatechuic acids. 

Iknzoylapopmidaconitine, C“II^*(C^H*0)NO", formed in like manner by the action 
of benzoic anhydride on pseudaconitine, also contains in the air-dried state 1 mol. 
water of crystallisation, and is altogether very much like the acetylated base. 

Vaeudaconine^ G^H^'NO®, is formed, together with dimethylprotocatechuic acid, 
by heating pseudaconitine at 100® with alcoholic soda-solution : 

C“H«NO>® + n^O = G»H»®0« G*ai«NO». 

To separate the pscudaconine, the liquid product of the reaction is evaporated to 
dryness, then acidulated \»ith hydrochloric acidj and shaken with ether; thodimethyl- 
pTojiocatechuic acid thereby dissolved is removed ; the residue exhausted with alcohol; 
the alcohol distilled off ; and the psoiidaconine dissolved out of the residue by ether, 
which leaves it on evaporation as a varnish-like but apparently cry stalli sable mass. 
It melts at the heat of the water-bath ; dissolves readily in water ; has a strong 
alkaline reaction ; a bitter but not caustic taste ; and is distinguished from pseud- 
aconitine by its greater solubility both in the free state and in combination with 
acids. It reduces gold and silver salts. Pseudaconine salts are all amorphous. 

ApopseudaconinCf G‘'^^H®*NO®, is formed, together with dimethyl-protocatechuic 
acid, by the action of alcoholic soda-solution at 140® on pseudaconitine: 

G8«h«NO** = G®H*®0« + G*'H®®NO». 

J)'\henzoyUapopseudaconine^ G®'II*'(OG’H*0)®NO*, and the corresponding diacetyU 
derivative^ are obtained by heating pseudaconine with benzoic and acetic anhydride 
respectively, 1 mol. IPO being first separated from the pseudaconine and an atom of 
hydrogen in the residue then replaced by benzoyl or acetyl. Both these bases are 
amorphous, and form amorphous salts, those of the benzoylated base being nearly 
insoluble, and those of the acetylated base moderately soluble in water. Both melt at 
100®, and decompose at higher temperatures. 

The bases above described may be represented by the following constitutional 
formulm : 

Pseudaconitine 


Apopseudaconitine 

Pseudaconine 

Apopseudaconine . 

Benzoylapopseudaconine 

Aoonltlnei G”H^®NO'® (Wright a. Luff, Chem. Soc. J. xxxiii. 318; see alec p. 40 
of this volume). This is the principal a^alo’id of monkshood (AconUum Napellaa), 
It reacts with acids and alkalis in the same manner as pseudaconitine, producing the 
following bases : 

Apoaoonitinef G”II^‘NO”, is formed from aconitine by the action of dilute mineral 
acids or pf concentrated tartaric acid (which, however, partly act in the same manner 
as alkalis, infra). It crystallises from ether, molts at I8d®-1 86®, forms a crystallised 


. (C*'n®^NO*)^OH 

\0-CO— C®H*(OCH*)* 

. (C‘^H®'NO‘)|-OH 

\0-GO-.C®H«(OCH*)» 
. (C**H«NO»)(OH)* 
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nitrate, and a hydrobromide having the composition C”H“NO“,HBr+ 2JH*0. This 
base is probably formed by decomposition of aconitine during the preparation of the 
latter, and to its admixture may be attributed the very discordant statements which 
have been made respecting the composition of aconitine. 

Acetylapoaconitiiie, C“il*®(C*H*0)N0”, and Bemoyl-apoaconitine^ are produced 
by heating aconitine with acetic and benzoic anhydride ’respectively, a molecule of 
water being first removed, and an atom of hydrogen in the residue then replaced 
by acetyl or benzoyl. Acetylapoaconitine crystallises from ether, melts at 180°- 
181® (corr.), and forms amorphous salts. Jn its preparation the temperature 
must not be allowed to rise above 100®, as otherwise an amorphous base will be 
formed. 

Aconine, C‘®H*®NO", is formed, together with benzoic acid, by the action of dilute 
alkalis at ordinary temperatures on aconitine, the conversion being most completely 
effected by the use of alcoholic sodarsolution : the same change is also produced by 
heating aconitine with water at 140° : 

C“H«NO« + H^O = C»H®02 + C“n»»NO". 


This reaction of aconitine, and the corresponding reaction of pseudaconitine, are 
analogous to that of cocaine, which yields methyl alcohol, benzoic acid, and eegonine 
(vi. 480), and to that of atropine, which yields tropic acid and tropino (vi. 240). 

Aconine is easily soluble in water, alcohol, alkalis, and chloi'oform, but almost 
insoluble in ether, especially when the ether is free from alcohol. It is amorphous, as 
are also its salts ; melts at 130® ; reduces gold and silver salts, and at the boiling heat 
also Fehling’s solution. The mercitriodide has the composition C*“H**NO",III,IIgP; 
the sulphate is 7C2®H®»N0",H;S0‘ ; the hydrochloride, 3C-«H3“NO", 2KC1 : these last 
two salts were probably mixtures. The aurochloride, C-®lP*NO",TrCI,AuCl*, is 
obtained as a yellow flocculent precipitate on adding gold chloride to the solution of 
aconine in hydrochloric acid. Aconine heated with benzoic anhydride is converted in,^o 
benzoylapoaconitine. 

Apoaconine, is formed by abstraction of water from aconine under the 

influence of dilute acids, e.g. by heating a solution of the hydrochloride to 140®. Its 
hydrochloride, C'*®ir’*’XO‘®,HCl, is amorphous, soluble in water, not precipitated by 
alkalis. 

The relations between the four bases just described may be represented by the 
following formula? : 

Aconitine . . . 


Apoaconitine . 

Aconine. 
Apoaconine . 


C2«fl«NO’^OH 

\0— CO— C«H» 
C2«h>»NO'^(OH)* 


Picraconitine, C**H"NO'®, is the amorphous and comparatively inert alkaloid 
occurring, together with aconitine, in Aconitum NcCpellus, It is resolved by alkalis 
into benzoic acid picraconine, C^^II^NO®, and may probably be represented by the 

formula | 

Alkaloid from Japanese Aconite Boots (Wright a. Luff, Chem. Soc. J. 
xxxvi. 387). These roots appear to be different in species both from A. Napellus and 
from A.ferox, and are either richer in active ingredients, or else contain a more active 
alkaloid. To obtain the base, the roots were exhausted with alcohol containing 
tartaric acid ; tho extract was evaporated ; and the residue, after addition of water and 
sodium carbonate, was agitated with ether. Bepeated treatment with ether, however, 
failed to dissolve all the alkaloid present, a portion, apparently uncry stalli sable, being 
obstinately retained by the alkaline liquid. The ethereal extract, after purification 
by shaking with aqueous tartaric acid, and treatment of the crude tartrate solution with 
soda and Sresh ether, gave by spontaneous evaporation crops of crystals, all of which, 
when purified by fractional crystallisation, yielded on analysis numbers agreeing with 
the formula C®®II'“N*0*’. As no change in. the composition of this body was produced 
by treatment with hot concentrated tartaric acid, Wright a Luff conclude that it is 
a definite compound, and not a mixture of two bases, and 0**1I®®N0*®. 

This compound melts at 186®-186®, and closely resembles aconitine. By saponi- 
fication it is resolved into benzoic acid and japaconine, C^®II^®NO", a base which 
bears a close resemblance to aconine, but forms with benzoic anhydride a tetra- instead 
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of a di-benzoylated deriTative. A tetrabenzoyl-compouad is also formed by heating 
the bw with benzoic anhydride. 

To explain the constitution of these sereral bases, Wright a. Luflf assume tlic 
existence of a base (Japaconitine) represented by the formula 

containing H* more than aconitine, and constituted like aconitine and pseudaconitiiie. 
The base C**H"N*0** may then be regarded us triapo-japaconitine^* 
0=:(CMH"N0*)— O.C'H^O 


0=(l3“H“N0»)— O.C'H‘0 
and japaconine ns 0=C“1I”N0^(0H)*. 

All attempts to isolate japaconitine were unsuccessful. 

Japanese aconite roots have also been examined by Paul a. Kingzett {Yearbook oj 
Pharmaisy, 1877, p. 469), who find that the yield of alkaloids from them is much 
greater than that from A, Napellus or A./erox. They obtained a crystalline base, to 
which they assigned the formula C^H**NO*. As, however, this formula was deduced 
from the analysis of a very small quantity of substance, and as the base in question 
formed amorphous salts, Wright is inclined to regard it as identical with pseud- 
aconitine, a view with which Kingzett does not agree. 

PSBITDOBirTTliSSXrZBlira AXiCOBOZi, C*mCH^CIPCHOH.CH^ An 
alcohol formed by the action of nascent hydrogen on acotocinnamone (p. 1152). 

FSBUDOBUT'rX.BBB, CII*-CII=C1I— CII». See Butylbnes (p. 361). 

•^SBITDOCirMBWB. Unsymmeirical Trimethylbenzene. See Mksitylunb 
(p. 1284). 

PSBITBO-ZXroOZiB. See Indole (p. 1089). 

PSBUBOMABACBnB, syn. with Ehlite, 5CvlO.Y^O\ZR^O (p. 705).t 

PSBBBOMOBPBOSBS. A description of the numerous pseudomorphosos of 
the bed of magnetic iron ore in the Tilly-Foster mine, Putnam County, New York, is 
given by J. D. Dana {Sill. Am. J. [3], viii. 371 and 447 ; Jahresb. f. Chem. 1873, 
1284-1292). Pseudomorphs of tin-stono, after orthoclase, from Huel Coates, St. 
Agnes, Cornwall, are described by J. A. Phillips {Chem. Soc. J. xxyiii. 684). 

On the Microscopical Structure of Pseudomorphs, see Geinitz {Jahrh.f. Min. 1876, 
449-604 ; Chem. Soc. J. xxxi. 621-700). 

PSBVBOXrZTBOBBB. See Paraffins (Nitro-), p. 149 f. 

P8BVBOPBZTB. See Pennine (p. 1498). 

PSBlTBOPBOPn- or ZSOPBOPTB-COMPOUBTBS. See Pkopyl- 
coMFOUNDS (pp. 1676-1679). 

PSBVBOPVBPVRZB. See Anthraquinones, Trioxy- (p. Ill ). 

PSBUBOBOSAXrZZiZBB. See Eosanjlink. 

PBBVBOROSOXiZC ACZB. <Sec Kosolic acid. 

PBBUBOTBZOCTABOGBB. The orange-yellow precipitate {Persulpho- 
cyanogmt iv. 381) which Liebig obtained by the action of chlorine or nitric acid on 
aqueous potassium thiocyanate, is generally repre.sented by the formula C’N*S*H. 
According to W. K. Hodgkinson, however Nm% xxxix. 80), its true Ci mpo- 

sition is represented by the emmrical formula CNSH, and it is actually a polymerido 
of thiocyanic acid, C*N*S*II*. Hodgkinson recommends the use of this yellow sub- 
stance as a pigment, as it is not altered by light either in the moist or in the dry 
state. 

PBBUBOTOZiVZBZWB. See Toldidine. 

PBBVBO-UBZC ACZBf C^K^N^O^ This acid, which Schlieper a. Baeyer 
obtiiincd (iv. 744) by the action of potassium cyanate on uramil (dialuramide), is also 
produced as ammonium salt, with elimination of ammonia, when uramil is heated 
with an equal weight of urea. On passing carbon dioxide through a solution of the 

* Wright a. Luff dcBlgnate this boae m japaconitine ; but if C**H**NO“ is to be called jajMcoonfne, 
it is more oonslstent to give the name of japaconitine to the hypothetical base related to 

japaconine in the same manner as aconitine to aconine. 

t OuO is there misprinted CaO. 

VoL. VIII, 6 R 
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resulting ammoDiuni*salt iu caustic soda, sodium pseudourate separates out, and from 
this salt the acid may be obtained by precipitation "with hydrochloric acid. Its 
barium salt, (0*H*N^O*)*Ba + 6H*O, gires off all its water at 160®. The acid is not 
attacked by phosphorus oxychloride. Sulphuric acid decomposes it at 160'’ into 
carbon dioxide, ammonium sulphate, and xanthinine, C*I1*N®0* (j 2 -v.): 

+ H^SO^ = CO* + INH^)HSO* + C*H*N*0*. 

Pseudo-uric acid is uric acid plus the elements of water, but all attempts to resolve 
it into these constituents have hitherto been unsuccessful (Grimaux, Bull. Soc, Chim, 
[2], xxxi. 636). 

PSBUDOTRZACBTOVAXiXAMXKE. See Acetonamines (p. 32). 

PSBVDOTRZPBBinriiMBXiAMZlirB, C>^*(C*1I‘)*N^ isomeric with Hof- 
mann’s triphenylmolamine (p. 1271), is formed, together with carbon dioxide, hydro- 
gen cyanide, benzonitril, and dibeiizoyl-dieyanamide, by heating tribonzoylmolamine 
in a current of hydrogen. It is best purified by solution in phenol, and precipitation 
with alcohol, whereupon it separates in shining yellow prisms which do not melt at 
360®. Hofmann’s triphenylrnelamine melts at 162®- 163® (Oerlich, yjr. Che7n. [2], 
xiii. 270). 

PSZBOMBBAWBS. See Manganesk-oues (p. 1263). 

PSZTTACnrZTB. A hydrated vanadate of load from mines in the SikerStar 
District, Montana. See Vanadium Minehals. 

PUCBBRZTB. Small browm crystals, OP. ooP, identical in form and compo- 
sition with native pucherite (vii. 1026), are obtained by evaporating a mixture of 
bismuth nitrate and vanadium chloride in the exsiccator over sulphuric acid (Frenzel, 
JaArft./. Min. 1875, 680). 

PURPBE or TRB ARCZEVTS (Schunck, Chem. Soc. J. xxxv. 689). j^his 
colour, which was extracted by the ancients from various kinds of shell-fish*,' and 
applied to the dyeing of linen and woollen fabrics, has from time to time excited a 
considerable amount of interest. Cole, of Bristol {Phil. Trans. 1685), discovered on 
the coasts of Somersetshire and South Wales a shell-fish which yielded a purple dye. 
A similar species {Purpura Lapillus) was discovered by Reaumur in 1710; Duhamel 
in 1736, and Bancroft in 1803, also worked at the subject. Their results may bo 
summarised as follows:—!. The colour-producing secretion resembles pus, and is 
contained in a small whitish cyst under the shell close to the head of the animal. 
This pus-like matter, when applied to white linen and exposed to sunlight, changes 
from yellow, through light green, dark green, and blue, to purplish-red or crimson, 
a strong odour resembling garlic or assafoetida being at the same time evolved. Day- 
light is essential ; the secreti(m if kept in the dark remains unchanged for years, and 
then becomes coloured on exposure to light. The change is not promoted by iieat, 
but proceeds in a vacuum or in hydrogen or nitrogen gas. The colour resists the 
action of soap, alkalis and most acids ; it is destroyed by nitric acid and cliloriiie. 
A. and G. de Negri (Jier. ix. 84) have recently obtained two colouring matters from a 
species of murex; one is blue, and presents the characters of indigotin ; the other is 
red, but its nature is not exactly known. 

Schunck has made many experiments with Purpura Tjapillus, which ho obtained 
on rocks at low water near Hastings, live animals alone being used. The pale yellow 
secretion turns purple when exposed to light, without being applied to linen. Boiling 
does not hinder the production of the colour. The chromogen can be completely 
extracted by alcohol and ether from the pounded cysts, a golden-yellow solution being 
obtained, which becomes purple on exposure to light, and a purple powder being 
ultimately precipitated, which is granular and crystalline. Hydrochloric acid pro- 
duces a decomposition somewhat similar to that effected by sunlight, a purple colour 
being formed. The cysts or veins from 400 animals, yielded on exposure to sunlight 
7 mgs. of the purplish pow'der. It was in.solublo in water, alcohol, and ether ; slightly 
soluble in boiling benzene and boiling glacial acetic acid ; easily soluble in boiling 
aniline, the solution giving a broad absorption-band between C and D. Heated 
between watch-glasses, it yielded a sublimate of crystals with metallic lustre showing 
at their edges a deep indigo-blue colour. The colouring matter dissolves in strong 
sulphuric acid to a purplish solution, showing a band between D and E. From these 
reactions it is inferred that the colouring matter belongs to an unknown member of 
the indigo-blue group. Schunck propo.scs to <»11 it Punicin. The liquid from which 
the action of sunlight had precipitated the purple powder did not contain glucose. 

PVRPURBO-COBAZiT COAXPOVirDS, See Couat.t-ammonia Comtoitnd3 
(p. 646). 
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PURPmzir. See Anthbaquinones (Tbioxt-) (p. 109). 

PVRPVROGAXiXilKr. A substance produced, according to H. Struve, by the 
slow oxidation of pyrogallol in contact with lead peroxide, gum-arabic, malt-extract, 
grape-juice, blood-pigment, or saliva (vii. 1029, 1030). 

PXrBPUBOXAXrTHXXr. See Anthraquinones (Dioxt-) (p. 104). 

PTBAMARZC acid, An acid formed, together with benzoic acid, 

by the action of heat on araaric acid, in presence of free alkali (p. 1128). 

PTRBNE, (vii. 1027). Tliis hydi’ocarbon crystallises in monoclinic 

prisms, melts at 148°-149°, and forms a picric acid compound which melts at 122®. 
Monoiiitropyrene melts at 149*6°-160*5'’ (Fitiig, Bar. x. 2143). 

PYRSTHXtUM. On the insect-powders prepared from various species of 
Vyriithrum^ see p. 1091. J. de Bollesme obtained from Byrethrum cameum^ which is 
an ingredient of most of those powders, a volatile non-poisouoiis oil, and a crystalline 
body which exhibits the poisonous properties of the plant, and is probably an 
alkaloid {Bhami.J, "Dram. [3], vii. 172). R. Buchheim, l)y evaporating to dryness the 
alcoholic extract of Radix pyrethri^ and exhausting the residue with ether, obtained a 
crystalline substance, pifreihrin^ which melted at the heat of tlie body, and was 
resolved by alcoholic potash into pyrethic acid and piperidine. Pyrethrin occurs also 
in lltrba spilanihis {N. Rep. Bharm. xxv. 335). 


PYRXBXXS-BASES, 

C'‘EP“-5N. ^ 

fho following bases 

of this scries are 

known : 

B. p. 

B. p. 

Pyridine, C^H^N . 

. 117° 

Parvoline, C^H^N 

. 188° 

Picoline, C®1PN . 

. 133 

Coridine, 

. 211 

Lutidino, CHPN . 

. 154 

Riibidine. C‘*1I‘’N 

. 230 

Collidine, C^H^N 

. 179 

Viridine, 

. 251 


Pyridine, the lowest member of the series, may bo regarded as benzene having one 
of its CH -groups replaced by nitrogen, .and represented by the formula 


N 


\ch=ch/ 


CH 


The other members, derived from it by substitution of CIP, C*IP, &c., f )r one or 
more of the hydrogen-atoms, fidmit of isomeric modifications depending on the orient- 
ation of the substituted radicles. Picoline or methyl -pyridine, C^*1P(CH*)N, admits 
of three such modifications, which are actually known ; the higher members, however, 
are at present known in one modification only, or perhaps as mixtures of several. 

The Heats of Formation of some of these bases have been determined by Ramsay 
{Chetn. Soc. J. xxxv. 696) with the following results : 


Gram- Gram- 

degrees degrees 

Pyridine 7117 Lutidiue . . . .7184 

Picoline 5753 Bipicoliue .... 8084 


On their volumes at the respective boiling points, see Ramsay (ihid. 472). 

Bhysiological action. — Pyridine, pigjlino, lutidino, and their salts, exert a soporific 
action on the animal organism; their methitxlides strongly excite the brain and 
paralyse the extremities. A similar but more energetic action is exerted by their 
ethyl and allyl dci ivativcs ; also by dipyridine and dipicolino. The iodalkyl-com- 
pounds (methiodides, ethochlorides, &c.) of the last two bases are strong poisons. 
Methylic pyridinc-carboxylate scarcely acts on the organism ; the corresponding ain- 
moniuin salt gives rise to symptoms resembling epileptic fits (Ramsay, Mag. [6], 
iv. 241). According to Kendrick a. Dewar (Broc. Roy. Soc. xxii. 432, xxiii. 290), 
the several members of the pyridine series differ from one anotlier in their physio- 
logical action, not in kind, hut only in degree, but the members of the quinoline series, 
(quinoline, C“1PN ; lepidine, &c.), exhibit differences in kind, as 

well as in degree, in their physiological action. 

Pyridine, C*H*N, is formed by distilling a salt of pyridine-carlioxylic (nicotinic) 
acid with lime, C®H^N(CO“li)=aCO*-|-C®H*N (Weidel, clxv. 238; 

Laiblin, Bcr. x. 2136) ; also by distilling the calcium salt of pyridine-di carboxylic acid 
(cinchomoronic acid, p. 484), CHPN(C02H)*=2C02 + C"H*N. 

Bibromopyridine, C^H^Br'-'N, is formed on heating to 200® a mixture of pyridine 
hydrochloride and bromine, or the orange-coloured precipitate formed on adding bro- 
mine to a solution of pyridine hydrochloride, and separates in needle-sliapcd crysbils 
soluble in ether and in strong hydrochloric acid, precipitated from the acid solution by 

5b2 
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water. It melts at 109*’, and b^ns to sublime at 100'’. It is oot acted upon by 
baryta-water, ammonia, alcoholic potash, nitric acid, sulphuric acid, or potassium 
permanganate. Monobromopyridine (b. p. 170^) appears to be formed simultaneously 
with the dibromopyridine (A. W. Hofmann, Her. xii. 984). 

CH-CH CH-CH 

Dipyrtiine, C“H«N* - Hc/ This base, dis 

qH=dH CH=dH 

covered by Anderson (vi. 977), is obtained, together with other products, by the action 
of sodium on pyridine. He found its vapour-density to be 5*92 ; Ramsay \phU. Mag, 
[5], iv. 241), working with Victor Meyer's apparatus, finds it to be 5*36 ; the formula 
0'®H‘®N* requires 6*46. 

Isodipyiidine^ C*®H*®N^, obtained by fractionation from the mother-liquors of the 
crystalline dipyridine, is a yellow oil, which does not solidify in a mixture of snow 
and salt, even on addition of crystals of dipyridine. Sp. gr. 1*08. Vapour-density 
by two determinations, 6*70 and 5*79. It is sparingly soluble in water, but mixes in 
all proportions with alcohol and ether. Its hydrochtoride forms hard white crystals ; 
the platinochloride is a yellow crystalline precipitate. The methiodide is a brilliant 
scarlet powder, insoluble in absolute alcohol and ether, slightly soluble in aqueous 
alcohol, freely in water, forming a nearly colourless solution. The meihochhride is a 
syrupy liquid, giving with platinic chloride a precipitate of the double salt 
C'®H‘®N*,2GH*C1,RC1* (Ramsay, Chem. 8oc, J, xxxvi. 264). 

Plooline, G*H'N s C®H^(CH®)N. This base, as already observed, admits of three 
isomeric modifications, according as the CH®-group is placed in the ortho-, meta-, or 
para-position with regard to the nitrogen-atom of the pyridine-molecule. The basic 
oil hitherto known as picoline, extracted from coal-tar naphtha, bunc-oil, &c., is a 
mixture of two of these modifications (a and iS), and a third modification (7) is formed 
by the distillation of acrolein-ammonia and by heating allyl tribromide with amVnonia 
(Baeyer, vi. 944 ; vii. 981). 

The two modifications obtained by the dry distillation of vegetable and animal 
substances cannot be separate^l by fractional distillation, but their separation may be 
effected by means of the different solubilities of their plati nochlorides. The following 
description of their properties is given by Weidel {Ber, xii. 2008). 

a-Picoline, obtained from the less soluble of the two platinum salts, is optically 
inactive, boils at 134® (uncorr.), and is converted by oxidation into picolinic acid. Its 
platinochloride, (C®H’N,HCl)*PtCP, separates from a moderately concentrated slightly 
acid solution in large, yellow, faintly lustrous monoclinic tablets containing 1 mol. 
H^O. Ratio of secondary axes a : 5» 1*0548. Angle a<;=« 102® 6'. Observed faces, 
OP, ooP. From a solution strongly acidulated with hydrochloric acid, on the other 
hand, the salt separates in large highly lustrous roseate anhydrous prisms also mono- 
clinic, a : 5 : Cs0*9185 : 1 : 0*9279 ; ac= 116® 10'. Observed faces ooP, OP, 4P2. 

iS-Picoline, obtained from the more soluble of the two platinum salts, is slightly 
levogyrate, boils at 140®, and is converted by oxidation into nicotinic acid (p. 1703). 
It is less soluble in water than a-picoline. Its platinochloride separates from a 
moderately concentrated solution by slow evaporation in large highly lustrous crystal- 
line grains having the colour of potassium dichrom'ate; by nipid crystallisation from 
strung solutions it is obtained in needles. The crystals contain 1 mol. IPO, and 
belong to the orthorhombic system \ a: h\ c <^9*9560 : 1 .* 0*6226. Observed faces P, 
acP, ooPflO , 

T^Picoline also yields a platinochloride which crystallises with 1 mol. water. The 
crystals, according to Groth’s measurements {Liebigs AnnaXen^ civ. 281), are mono- 
clinic, having the axial ratio a: 6 ; c- 0*9089 : 1 : 0*6641, and the axial angle 

flC*=:81® 7'. 

A considerable number of salts prepared from the mixture of a- and jB-picoline, 
hitherto known as ‘picoline,* and so designated, for simplicity, in the following 
descriptions, have been examined by W. Ramsay (PAi7. Mag, [6], ii. 269 ; iv. 241 ; 
vi. 19). The hydrochloridet when purified by distillation, is a white deliquescent salt 
melting at 160®. It appears to absorb chlorine, but is not attacked thereby even at 
high temperatures. The hydrohromide, on the other hand, in aqueous solution, unites 
re^ily with a molecule of bromine, forming the compound C®H'N,Br^,HBr, which is 
still more readily formed by heating* a concentrated solution of the hydrobromide 
with bromine for an hour at 190®. It crystallises from water in yellow needles 
which melt and give off bromine at about 85®. This dibromide is resolved by boiling 
with water into bromine and picoline hydrobromide, and the same decomposition is 
produced by alkalis, but, on acidulating the alkaline solution, the dibromiae appears 
to be repi^uced. Hnimine does not exert a substituting action on picoline hydro- 
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bromide, even wheD heated with it for a week at 180^. When a mixture of picoline 
and very strong hydriodu) tuAd is first evaporated down and then distilled, a sudden 
rise of temperature takes place, the mass turns brown and viscid, and the compound 
G*H^N,I^,H1 separates in brown needles which melt at 79^, dissolve with decomposi- 
tion in ether and^ in alcohol, and, in contact with water, are converted into a dark 
brown liquid. This compound is not soluble in carbon disulphide. 

Picoline dibromid^^ C*H’NBr*, is formed by treating picoline dissolved in chloro- 
form with bromine, and is obtained in small needles on evaporating the chloroform in 
a vacuum. A cMoriodida^ C*H'NC1I, prepared in like manner with picoline and 
iodine monochloride, forms long yellow needles. These two compounds are resolved 
by alkalis into picoline and the respective halogens ; the dibromide, when heated, 
decomposes and is converted into a resin. 

The compound of picoline with mercuric chloride^ C®H’N,HgCl*, crystallises from 
watdr in ne^les, from alcohol in plates ; it is not attecked by chlorine. 

Picoline plaiinochloTidet heated with water in a sealed tube for some days at 170°, 
yields two compounds which can be separated from one another by their different 
degrees of solubility. They are formed by the following reactions : 

(C«H»N.HCl)*-TtCl< = C*H»N,PtCl* + HCl + C«H»N,HC1 
(C“H»N.HCl)*PtCP - (C«H»N)*PtCP + 2HC1 

The compound (C*II’N)*PtCP is a bright yellow powder moderately soluble in water ; 
C*H'N.PtCl^ is an insoluble substance of a dirty yellowish-green colour. Neither of 
these bodies evoh’cs picoline when boiled with caustic alkalis. 

Picoline platinosocyanide, (C*H’N,HCN)*,Pt(CN)* + 4H-0, forms yellow trans- 
parent crystals ; from a hot solution it separates in needles containing o mols. water. 
It dissolves in 83 pts. water at 10°. When picoline is left in contact with hydro- 
ferroqfanic olcuL^ a blue precipitate is formed, together with crystals, probably con- 
sisting of picoline f err Q cyanide, Picoline hydrochloride and silver cyanate react 
at ordinary temperatures with formation of silver chloride ; and the liquid, when 
left to evaporate over sulphuric acid, deposits crystals which are resolved by water 
into picoline and a gas, and when heated alone split up into picoline, ammonia, and 
cyamelide. 

Picoline methiodide^ C*H’N.CH*I, prepared by direct combination of methyl iodide 
with picoline, is a slightly deliquescent salt which crystallises from alcohol in long 
white needles, melting at 2*26-5°-227®. It unites with iodine, forming the compound 
C*H'N.P.CH*I, which crystallises in bluish-black feathery plates melting at 129°, 
soluble in alcohol and in ether, insoluble in carbon sulphide and in water. The 
methockloride^ prepared by the action of silver chloride on the methiodide, is 
deliquescent, and crystallises from alcohol in needles. Its platinum salt, 
(C•I^’N,CII*Cl)'^PtCl^ crystallises in small cubes. The methonitrate, C*1I’N,CH*N0’, 
obtiiined from the methic^ide with silver nitrate, forms transparent prisms sometimes 
an inch long. The methydroxide, prepared by adding silver oxide to the methiodide, 
decomposes when evaporated to dryness, leaving a red residue having a putrid odour. 
The ethylenohromidet (C*II’N)*C*H*Br*, crystallises with difficulty in small prisms 
melting at 276°. The corresponding chloride crystallises from alcohol in small 
needles. 

The compounds of picoline with allyl chloride^ iodide^ &c. are all syrups, except 
the platinochloride, (C«H^N.OTPC1)^CI*. 

Picoline acetocMrynide^ CH'NyO^H'OCl, is formed on mixing the solutions of picoline 
and acetyl chloride in chloroform, the liquid turning first green, then red, and fiinilly 
red-brown, and yielding the compound, on evaporation in a vacuum, in brown, very 
deliquescent crystals, which are decomposed by w'ator into picoline hydrochloride and 
acetic acid. The exhibits similar properties. 

Picoline tartrate, (C*H’Ny‘‘C^H*0*, crystallises in white needles, smelling faintly 
of picoline. The citrate is a syrup. The phosphate is a crystalline mass which rapidly 
absorbs water. The chlorate forms thin diamond-shaped crystals. Picoline does not 
combine with acetic, formic, or chromic acid. 

Dipicoline, is formed by the action of sodium On picoline, and may 

be separated from the product by fractional distillation in a vacuum, under which 
circumstances it boils at 165°- 175°. It is a» heavy oil, having a peculiar basic odour, 
a density of 1-12, boiling under ordinary pressure at 310°-320°, and slightly volatile 
with vapour of water. Most of its salts show but little tendency to crystallise, but 
the platinochloride, C*‘-'H“N*,2HCl,PtCl*, is a yellow crystalline powder. The 
methiodide, C'*H**N*,2CH*I, is a bright yellow powder, almost insoluble in alcohol 
and ether, but readily soluble in water, giving a colourless solution. The mcthc^ 
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chloride is a wliite crystalline salt. The methylj^atinochloridet C**H**N* 2CH*Ci,PtCl*, 
is deposited from water in yellow crystals. Iodine combines with the methiodide, 
forming brown scales, insoluble in carbon bisulphide, and having the composition 
012 H.n§ 2 2CH*I,I®. With bromine water ^ dipicoliiie gives a bulky buff-coloured pre- 
cipitate of the compound 0'‘H‘’BrN^,2l£Br. On oxidation with pobissium permanganate, 
dipicoline yields a mixture of acids, whicli when heated evolve the smell of the 
polymerised bases ; hence it is probable that *a polymeride of pyridine-dicarboxylic 
acid is produced. 

Oil Lutidine, C’H*N, see iii. 737 ; vih 758. On Collidine, i. 1082, 

vii. 378 ; viii. 552. 

ParTollne, (b. p. 188°), was discovered by C. Greville Williams amongst 

the volatile bases obtained by the dry distillation of the bituminous shale of Dorset- 
shire {Chein. Soc. J. vii. 97). It occurs also, together with the other bases of the 
series, in tobacco-smoko (Vohl a. Kulenberg, Arch. Pharm. [2], cxlvii. 130). 

Corldine, was discovered byG. Thonius {Chem. Cmtr. 1862, 53) among 

the bases obtained by distillation of coal-tar. It is a colourless transparent liquid, 
having a faint odour much like that of new leather. It boils at 211°, and has a 
density of 0 974. It blues reddened litmus-paper, dissolves sparingly in water, mixes 
in all .proportions with alcohol, ether, and essential oils. Its solutions in acids, when 
evaporated over the water-bath, yield gummy masses which solidify in the crystalline 
state when left over calcium chloride. The base itself does not solidify at —17°. 
The hydrochloric acid solution gives, with mercuric chloride, a white precipitate 
which is deposited from the warm liquid as a heavy oil, solidifying at low tempera- 
tures, and becoming liquid again at 28° ; from hot water it crystallises on cooling in 
white needles. The platinochloride^ (C'®II**N,IlCl)‘"PtUP, is a dark orange-coloured 
precipitate, sparingly .soluble in water, alcohol, and ether; the aurochloride is dark 
ycdlow. The base precipitates alumina, chromic oxide and ferric oxide, but not baryta 
or magnesia. With chloride of lime it produces a yellowish-red colour, whicir'dis- 
appears on addition of an acid; a deal-shaving moistened with hydrochloric acid is 
coloured by it in a similar way. 

On Rubidine, (b. p. 230°), see v. 127. On Vi ri dine, 

(b. p. 251°), see v. 1003; vii. 1161. 

PYRXBZlTE-GARBOXTXiZC ACZDS. Acids are known derived from 
pyridine by the substitution of one, two, and three carboxyl-groups for hydrogen. 

Pyridlne-monocarbozyllo AcidSy C^ll^NO'*^ C^H^N.COOH. The constitu- 
tional formula of pyridine (p. 1699) shows that three of these acids are possible, the 
nitrogen and carboxyl occupying the relative positions 1 : 2, 1 ; 3, and 1 : 4. They 
are all known, but the orientation of the carboxyl-group in each has not been deter- 
mined. One of these acids, picolinic acid, is obtained by oxidation of a-picoline ; 
another, nicotinic acid, by oxidation of nicotine and of )9-picoline, and the third by 
the dry distillation of pyridine-tricarboxylic acid. 

(1). Picolinic acid (H. Weidel, Ber. xii, 1994). — This acid is formed, together 
with nicotinic acid, by the action of potassium permanganate on the mixture of a- and 
jS-picoline (b. p. 133°-139'^) obtained by distillation of animal tar (p. 1700) : 

C«IPN -H 0® = C»H"NO'^ -p H'^O. 

The two acids are separated by the difference of*-solubility of their copper salts, the ■ 
less soluble .salt, when decomposed by hydrogen sulphide, yielding picolinic acid, the 
more soluble yielding nicotinic acid. 

Picolinic acid crystallises in white slender apparently prismatic needles, dissolves 
easily in water and alcohol, but is nearly insoluble in ether, benzene, chloroform, and 
carbon sulphide. It is scentless and has an acid taste, with bitter after-taste. It 
volatilises partially below 100°, melts at 134*5°-136°, then sublimes in highly lustrous 
needles, and decomposes at a higher temperature, omitting a pungent odour. Its 
aqueous solution is not precipitated either by normal or by basic acebito of lead, but 
yields a white jgummy precipitate with silver nitrate, A moderately dilute solution 
of the acid or of one of its salts yields with copper salts a precipitate consisting of 
shining needles and laminse of a splendid violet-blue colour, a reaction which may be 
used for the recognition of the acid. Solutions of picolinic acid are coloured faintly 
yellow hy ferrous sulphate. f 

Potaesinm picolinate forms small extremely deliquescent needles and scales ; its 
solution when agitated froths like soapy water. The ammonium salt is very soluble, 
and crystallises by spontaneous evaporation in large colourless triclinic plates having 
a strong vitreous lustre. Tbe eateiMW (C*lTW)*)2Ca+ is obtained by 
adding calcium carbonate to a boiling dilute solution of the acid, and evaporating the 
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iiitrate, in tufts of white needles having^ a faint silky lustre, — or by docouiposiug the 
ammonium salt with calcium chloride, whereupon it separates in large efflorescent, 
apparently prismatic crystals. The water of crystallisation is given off at 160°. The 
barium salt^ (CII'^O'^y^lia + H'O, prepared like the calcium salt, is much loss soluble, 
and separates from the solution on evaporation in microscopio hard sandy prismatic 
crystals, which give off their water at 160°. By dry distillation it yields a mixture 
of pyridine and dipyridine. The Tmgihasium salt, (C®II*NO‘0*Mg + 211*0, obtained by 
saturation, crystallises on evaporation in hard shining monoclinic prisms, a .* 6 : c « 
1*1868 : 1 \ 0*8590; angle flc = 73° 52'. Observed faces, OP, ooPoo, Eoo, ooP. The 
water of crystallisation is given off at 140°. The cadmium salt^ (C®H^NO*)*Cd (at 
120°), obtained in like manner, forms an aggregate of small shining crysfalline plates, 
having a saccharine taste. The copper salt^ (C“H^NO'*)*Ca, is obtJiined either by 
decomposing a soluble picolinate with cupric acetiite, or by saturating a boiling hot 
solution of the acid with cupric carbonate, and is deposited on cooling in needles 
having a blue-violet colour and metallic lustre. 

Picolinic acid likewise unites with strong mineral acids, and with the chlorides of 
gold and platinum. The hydrochloride^ C“Jl^NO*,HCl, separates on evaporation over 
sulphuric acid in large colourless highly lustrous orthorhombic prisms. The platino- 
chloride, (C®Il*NO*,llCl)-,PtCl‘ + 211*0, crystallises in monoclinic prisms. 

Calcium picolinate, distilled with quick-lime, yields a mixture of pyridine and 
dipyridino, the former passing over between 116° and 116°, the latter between 166° 
and 186° : C'*lI*NO* = CO* + C^IPN. Picolinic acid is also resolved into pyridine and 
carbon dioxide by heating with strong alcoholic potash in a sealed tube at 240° for 
several hours. 

When a .solution of sodium picolinate is heated w-ith sodmniramalgam, ammonia is 
given off, and a non-azotised acid is formed, having the composition of hydroxy- 
sorbic acid, C*H"0* ; 

C«H^NO* + n* + U*0 = Nil* + C»H»0*. 

This acid crystallises in colourless needles which are extremely deliquescent, very 
soluble in water, almost insoluble in alcohol, and melt at about 85°. It reduces an 
alkaline cupric solution. Its barium, calcium, and cadmium salts are amorphous. 

(2). Nicotinic acid, produced, as above mentioned, by oxidation of the mixture 
of a- and /3-picolinc with permanganate, is also formed by oxidation of nicotine. 
Hubor obtained it by oxidising nicotine with chromic acid mixture (vi. 866); Laiblin, 
by the action of potassium permanganate on the same alkaloid (p. 1392). Weidol in 
1872 (Liehiy*s Aiinalen, clxv. 328), by oxidising nicotine with nitric acid, obtained an 
acid to which he assigned the formula C'®JI“N*0* ; but his more recent experiments 
have shown that its true formula is C®II*NO*, according to which its formation from 
nicotine may perhfips be rtipresentod by the equation : 

3C*«H'‘N* + 0'^ = &C«H^NO* + NH> + 7ITO. 

For the description of its salts see p. 1392. 

Jiiko picolinic acid, it unites with acids as well as with bases. The hydrochloride, 
C*1PN0*.HC1, crystallises in monoclinic prisms, in which a I 6=1*0619, and the angle 
a<;=80° 37'. Observed faces, OP, ooPoo, ooPoo, ooP. They are very permanent, 
whereas the crystals of picolinic acid hydrochloride quickly become turbid and 
opaque. 

Nicotinic acid, like picolinic acid#is resolved, by the dry distillation of its calcium 
salt, into Ciirbun dioxide and pyridine, and when subjected to the action of sodium- 
amalgam yields an acid apparently identical with the hydroxy sorbic acid obUined 
from picolinic acid. 

The points of difference botw’oen the two acids may bo more plainly seen in the 
following table (p. 1794). 

3. A third pyridine-monocarboxylic acid is obtained by the action of heat on 
pyridine-tricarboxylic acid: C®H*N(COOH)* = 20O* + C®H*NO*. When this latter 
acid is cautiously heated to the molting point, carbon dioxide escapes, together with 
small quantities of other gases, and the fused mass contains a mixture of acids, from 
which, by repeated crystallisation from water, a pyridine-monocarboxylic acid may be 
isolated in woll-dedned granular cr}'stiUs, while a mixture of mono- and dicarboxylic 
acids remains in solution. 

This pyridine-monocarboxylic acid melts^at 305° in closwl tubes, volatilises com- 
pletely under ordinary pressure without previous fusion, and sublimes in fine tabular 
crystals. Mixed in aqueous solution with cupric acetate and warmed, it yields a 
green copper salt (Skraup, Ber. xii. 2S31). 

The same acid is also produced, according to Hoogewerff a. van Dorp, who name it 
pyrocinchomeronic odd, by the action of heat on the pyridine-di carboxylic acid pro- 
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duced by oxidation of coal-tar quinoline. On heating this dicarboxylic acid in sm^L 
retorts as long as carbon dioxide continued to escape, and then distilling, a solid dis- 
tillate was obtained which, when recrystallised from a large quantity of water, yielded 
the monocarboxylic acid in nodular crystals which did not fuse at 275^. The pyridine- 
nionocarboxylic acid thus obtained dissolves sparingly in water, very sparingly in 
ether and in benzene ; its aqueous solution gives no reaction with ferrous sulphate. 
Its hydrochloride^ C*H*NO*.HCl, forms large ‘Shining crystols. The plodinocUoridSf 
(0*H*NO*.HCl)*PtCl^ + 2H*O, forms lino rSi crystals which are very much like those 
of the corresponding salt of nicotinic acid, and give oif their water at 110^-115^. 
The mother-liquor of this acid appeared to contain nicotinic acid. 


Charactere of Pyridine^nnonocarhoxylic acids. 




Piculinic add 

Niootinio acid 

Crystalline form. 

Slender, shining anhydrous 

Dull anhydrous needles. 

Melting point. 

needles. 

134*6°-136° ! 

228*^ 


Water. 

Easily soluble in water, cold 

Sparingly in cold, easily in 

g 


or hot. 

warm water. 


Lead acetate. 

No precipitate. 

No precipitate. 


Ammoniacal 

No precipitate. 

White crystalline precipitate. 


lead acetate. 
.Copper acetate. 

Throws down from a solution 

Light blue-green precipitate. 


of the acid or its salts, alter 
a short time, violet, metal- 
lically lustrous laminae, sol- 
uble in water on boiling. 

not soluble even in large 
quantities of water. 

„ with Silver nitrate. 

White gummy precipitate. 

White precipitate. 

Crystalline form of 

Triclinic : 


ammonium salt. 

a: 6 0*9556 : 1 : 0987. 

Obtained only in small lustre- 

Crystalline form of 

Always crystallises in large 
fine tablets. 

Small shining, unmeasurable 

less needles, not admitting 
of measurement. 

Monoclinic. 

calcium salt. 

needles, or larger prismatic 


Crystalline form of 

crystals, which soon become 
turbid. 

Monoclinic : 

Prismatic needles, not ad- 

magnesium salt. 

a: 6 :c» 1*1368 : 1 : 0*859. 

mitting of measurement. 

Crystalline form of 

Orthorhombic : 

Monoclinic : 

hydrochloride. 

a: b:c=i: 0*8993 : 05635. 

a:h: c= 1*0619 .* 1. 

Crystalline form of 

The crystals become turbid 
in a few minutes after re- 
moval from the liquid. 

1 Monoclinic : 

Crystals quite unalterable. 

Monoclinic : 

platinochloride. 

0 : 6: 1*4468 : l : 2*0404. 

a:h:e^ 1*6233 : 1 : 1*8251. 

Sp. gr. of platinochlo- 

20672 

2*1987 

ride. 

1 




Vjridlne-dlearbozylle Acid, C’H*NO*bC*H’N(COOH)*. JDicarhopyridmic 
add . — Six modifications of this acid are possible, having the two carboxyl-groups in 
the following positions [N in 1] : 

2:3 2:4 ' 2:5 2:6 

3:4* 3:6 

Five of these acids are known, but the relative positions of the two CO^H-groups 
in them have not been determined. Dewar in 1871 {Chem. News, xxiii. 18), by 
oxidising picoline (most probably containing lutidine) with potassium permanganate, 
obtained an acid of this composition, which crystallised in colourless laminae resembling 
naphthalene, melted at 210°, and was resolved, at a higher temperature, or by distil- 
lation with soda-lime, into CO* and pyridine ; and two other m^ifications have been 
discovered by Ramsay {Phil, Mag. ||5], iv. 241 ; vi. 19), who obtained them in a 
similar manner by the oxidation of lutidine. These two modifications are distinguished 
as end 7, Dewar’s acid as a. 

The general method of preparing these acids is as follows : 26 grams of the base 
are boilfS in a tinned iron vessel connected with an inverted condenser, with 260 grams 
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of potassium permau^nate, and 4 litres of water. When the permanganate has lost 
its colour, the liquid is distilled, to recover unoxidised base, and the distillate is used 
instead of water in the next preparation. The potassium salts are then evaporated to 
dryness, and exhausted with absolute alcohol in an apparatus by which the same 
alcohol is used over and over again. The salts soluble in alcohol are then dissolved 
in water, and fractionally precipitated with leiid nitrate ; the lead salt is deooin- 
]X)sed by sulphuretted hydrogen, the lead sulphide removed by filtration, and the 
filtrate evaporated. 

The a-ac/cf, obtained in this way from picoline, separated first in long hair-like 
needles ; on recrystallisation from hot water, it was deposited in plates resembling 
crystals of naphthalene, and those, on standing in their mother-liquor for some time, 
changed to short thick prisms. It has a sweet taste but no smell, is more soluble in 
alcohol than in water, and dissolves also in ether.* 

The and 7-ticids were obtained in a similar manner, together with the a-acid, 
by oxidation of lutidine, and were separated by fractional crystallisation, the 
iS-acid, which is but slightly soluble, separating out first from aqueous solution, as a 
whitH crystalline powder, while the *y-acid remained in the mother-liquor. 

Tlie table on p. 1706 exhibits a comparative view of the properties of these three 
acids and of their salts. 

A fourth pyridine-dicarboxylic acid is cinchomeronic acid, which Weidel 
obtained by oxidising cinchonine with nitric acid, and to which he originally assigned 
ihe formula C"H*N'0* (p. 483). Later experiments by Weidel a. Schmidt (Ber. xii. 
1146), have shown, however, that it has the composition C'H*NOS and is resolved by 
distillation into pyridine and 00^ and is therefore a pyridine-dicarboxylic acid. 

Cinchonine and cinchonidine, when oxidised by nitric acid, yield cinchoninic acid, 
C*®ll’NO* and quinolic acid, C^H^N^O®, as well as cinchomeronic acid, but quinine, 
when oxidised in the same manner, yields cinchomeronic acid as sole product. 

Cinchomeronic acid crystallises in white prismatic needles, which melt at 250^, 
with partial decomposition, and dissolve but very sparingly in boiling water. It is a 
bibasic acid, and forms two classes of salts. Svdium-hydrogm cinchoTmronate^ 
C^H^NaNO*, forms almost colourless prismatic needles, which soon become opaque on 
exposure to the air, dissolve easily in water, bat only sparingly in alcohol. &dium 
cimhomemmte^ C’’lI*Na‘‘*NO^ forms small, brilliant needles, which are easily soluble 
in water and in alcohol, and contain 2 mols. of water of crystallisation, which they 
lose at 110^. Calcium cinchomeronate has the composition C'HH)aNO® + 3H^O 
(Hoogewerff a. van Dorp). 

The fifth known modification of the acid C*H®N(COOH)- is obtained by oxida- 
tion of quinoline (from coal-tar) with potassium permanganate. It crystallises in 
short shining prisms slightly soluble in cold, more easily in hot water and alcohol, 
insoluble in ether and in benzene ; they blacken when heated, and melt at 222*^-225°, 
which is nearly the melting point of nicotinic acid (p. 1392) ; a circumstance which, 
together with the previous blackening, renders it probable that the dicarboxylic acid 
is converted by heating into a monocarboxylic acid. The barium salt of this pyridine- 
dicarboxylic acid, C'H*NO^Ba, and the ^ver salty C'H*NO®Ag*, are gelatinous pre- 
cipitates which become ciystalline when heated for some time in a water-bath. The 
calcium salt when heated gives off an odour of Dippel’s oil (Hoogewerff a. van Dorp, 
5cr. xii. 747; xiii. 61). * 

Cinchonine-quinoline, oxidised by potassium permanganate, also yields a pyridin^ 
dicarboxylic acid, which appears be identical with that just described. It is 
sparingly soluble in cold water, and the aqueous solution gives with ferrous sulphate 
a reddish-yellow coloration, with copper acetate a pale blue precipitate, and with silver 
nitrate a precipitate soluble in hot water (W. Koenigs, B&r, xii. 983). 

Pjrtdlne-tricarbozjlio Acid, CH^NO® = 0®H*N(COOH)*. An acid of this 
com^sition is obtained by oxidation of quinine, quiuidine, and cinchonidine. When 
quinine sulphate is oxidised at boiling heat by potassium permanganate in alkaline 
solution (8*6-9*6 g. KMnO® to 18 g. dry quinine sulphate), from 22 to 26 per cent, of 
its carbon is obtained as oxalic acid, and from 41*2 to 43*4 per cent, of its nitrogen as 
ammonia; and the resulting liquid contains, besides other nitrogenous bodies, a 
quantity of the acid C*H*NO®, amounting to about 16 per cent, of the quinine sulphate. 
This acid retains I J mol. crystallisation-water at 100®, which it gives off at 120®. It 
blackens at 190®, and melts at 244®. It is sparingly soluble in cold water, easily in 
hot water and alcohol, almost insoluble in ether and in l^nzene. Heated with lime 
in excess, it gives off the odour of the bases from Dippel’s oil. Its barium salty 
(C®H*NO®)»Ba*, is nearly insoluble in water, and is obtained on adding barium acetate 
to a cold aqueous solution of the acid, as an amorphous precipitate, which is converted 
into a mass of small needles when heated in the liquid. The calcium salt. 
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Pyridine-dicarboxylic Acid a. 




y 


Crystalline Forms : 


Hair-like needles, changing in 
the mother-liquor to plates 
resembling naphthalene, and 
then to short prisms. 


Granular microscopic 
octohedrons. 


Spear-shaped crystals. 


Solubility : 


Moderately soluble in water. 
More soluble in alcohol. 
Easily soluble in ether. 

T>ecomposiiig point, 237*5°. 


Soluble with difficulty in 
water. More soluble 
in alcohol. Sparingly 
soluble in ether. 
244®-246°. 


Moderately soluble in 
water. Easily soluble 
in alcohol and ether. 

241°-245®. 


Ammonium Salt . — Small soluble 
plates. 

Calcium Salt. Contains no 
water. Sparingly soluble. 
Small needles. 

Barium Salts.— Neutrai salt. 
Contains H‘0, and resembles 
the calcium salt. 

Acid Salt. — Very sparingly 
soluble. 

Potassium Salts . — Neutral salt. 
Very soluble. Contains 
UH^O. 

Acid Salt. — Globular masses, 
consisting of tufts of needles 
radiating from a common 
centre. 

Lead Salt. — Short prisms. 
Sparingly soluble. 

Copper ^Its. — (1). Light blue 
needles. (2). Dark blue 
prisms. 

Silver Salts. — (1). Neutral 
Salt:— Bulky, white, insolu- 
ble, gelatinous precipitate. 
(2). Acid Salt. — Ditto. 

With Ferric Chloride. — No 
change of colour; a precipi- 
tate, even after addition of 
ammonia. 

Copper Sulphale . — No precipi- 
tate. 

Methyl Ether . — Thick isolated 
crystals. 

Chloride . — Crystalline mass. 
Melting point, 60*o°-6l®. 
Boiling point, 284^ 


Salts: 

Moderately soluble 
needles. 

Contains 2II-0. Micro- 
scopic needles. Spar- 
ingly soluble. 

Slightly soluble. 


Soluble. 


White crystalline preci- 
pitate. 

Light blue precipitate. 


Very sparingl)!, soluble 
crystalline precipitate. 

White flocculent preci- 
pitate, turning like 
ferric hydrate on ad- 
dition of ammonia. 

Whitish-blue precipitate. 

Deliquescent needles. 

C^stalline mass. 
Melting point, 49°. 
Boiling point, 269®- 
270 ®. 


Soluble needles. 

Contains 2H'*0. Small 
plates. Sparingly solu- 
ble. 

Soluble. 


Soluble. 


White crystalline preci- 
pitfito. 

Whitisli-blue precipitate. 


Very sparingly soluble 
crystalline prccipitiite. 

White flocculcnt precipi- 
tate, changed to ferric 
hydrate by ammonia. 

Whitish-blue precipitate. 


Crystalline mass. 

Melting point, 88®-89®. 
Boiling point, 266®. 
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(C®H2NO*)'‘'Ca*, is sparingly soluble in water» and ciystallises in concentric groups of 
smsill noodles. The normal silver salt, C®H*NO*Ag*, precipitated from a solution of 
the acid neutralised with ammonia, appears to be amorphous. An acid silver salt, 
C“H*NO®Ag‘‘‘, is thrown down from the aqueous solution of the acid as an amorphous 
precipitate, which afterwards becomes crystalline. The normal fotassium salt, 
C®H*NO®K*, crystallises in white lustrous laminae. The solution of the acid gives 
vi\W\ cupric acetate a light blue amorphous precipitate; Yr\\h hoMc narmalUad 
acetate white precipitates (Hoogewerff a. van Dorp, Ber. xii. 158). 

Berboronic acid, obtained by oxidising berberine with nitric acid, has also the 
composition of pyridine-tricarboxylic acid. To prepare it, berberine is heated with 
eight to ten times its weight of nitric acid, and the resulting solution is concentrated, 
a crystalline mass then separating out on cooling. The acid is further purified by 
crystallisation from hot water and conversion into the calcium salt, which separates 
from the hot aqueous solution as a crystalline precipitate. The filtrate from the 
ciilcium salt has a yellow colour,. and contains the salt of an acid which forms an 
insoluble silver salt, and may be separated therefrom in woolly needles ; it has not 
been further investigated, as it occurs in very small quantities only (Weidel, Ber. xii. 
• 110 ). 

Bcrberonic acid, obtained by decomposing the calcium salt with an acid and 
crystallisation from hot water, forms groups of shining, transparent, prismatic 
crystals, which become opaque on exposure to the air. It is sparingly soluble in cold, 
easily in hot water ; alcohol dissolves it but sparingly, and it is insoluble in ether, 
benzene, and chloroform. It has an acid taste, decomposes carbonates, and is decom- 
po.sed by heat. When crystallised from dilute aqueous solutions, it forms triclinic 
prisms, which have the composition C"H®NO* + 21I’‘'0, and on exposure to air lose 
1 mol. of water and become opaque. The aqueous solution of bcrberonic acid, like 
those of ox^T-inchoincroiiic acid (p. 484) and pyridine-dicarboxylic acid, gives, with 
ferrous sulphate, in the absence of a stronger acid, a deep red coloration. 

Calcium herheronate, (C"It-N0®)'‘'Ca® + 4H'-0, prepared by treating the ammo- 
niacal solution of the acid witli calcium chloride, separates out in white shining 
noodles, which after one crystallisation are insoluble in water. The cadmium salt, 
(C"H’'*NO®)'^Cd* + 2H‘’0, crystallises in shining branching needles, and is sparingly 
soluble in water The silver salt, C*lDNO®Ag®, is obtained as a white crystalline pre- 
cipitate. The calcium salt, distilled with lime, yields pyridine, together with other 
products : C®H*NO® = 3C()‘*’ + C*IDN. When the acid is fused with potash, ammonia 
and hydrogen are evolved, and potassium cyanide and acetate are formed. 

Berberonic acid closely approximates in percentage composition to the so-called oxy- 
einchomcronic acid, which, as already observed, it also resembles in its reaction with 
ferrous salts. Tlic following table gives a comparative view of the observed properties 
of these two acids : 



Oxyciuchomcroiiic ■ 

Berberonio 

Crystalline form . 

Water of crystallisation 

Calcium salt 

Cadmium salt 

Orthorhombic. 

10-84 per cent.; does not 
eiiloresce. 

Cauliflower-like crusts ; 25'3 
per cent* water. 

White crystalline powder; 
12*2 per cent, water. 

Precipitated by copper ace- 
tate in the cold. 

Triclinic. 

14-67 per cent. ; cfllorcsces 
quickly. 

Fine, flexible needles; 21*1 
per cent, water. 

Needles having a satiny lus- 
i tro; 8*73 per cent, water. 

1 Precipitated only when hot, 

! the precipitate redissolving 

1 on cooling. 


PnOCATBCBOA or GBTaCBOB, C*H«(OH)’< [1 : 2]. ByrocatecUn (see 
Nommclature, p. 1420). — This modification of dihydroxybenzene is formed: d. By 
the action of melting potash on orthochlorophenol (vii. 006). iS. By the dry distilla- 
tion of protocatochuic acid (Tiemann a. Haarmann, Bcr. vii. 608) : 

13 4 13 

C«ll»(GO-lT)(OH)(OH) = CO* + C®H'(OH)(OH). 

The resolution of protocatechuie acid into carbon dioxide and catechol takes place 
also by putrefaction in contact with pancreas. An infusion of the leaves of Ampelapsis 
hederacea left in contact with pancreas also yields catechol. Moreover, when proto- 
catechuic acid is given to animals in their food, part of it is resolved in the organism 
into CO* and catechol, which passes into Uie urine in the form of a sulphonic acid. 
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The urine of a rabbit fed on milk diet was free from catechol, but after addition of an 
infusion of Ampdopsis hederacea^ catechol was found in the urine. 

The following method of preparing catechol from guaiacol (methyl-catechol) is 
given by Baeyer (Ber. viii. 166), the material used being the portion of Rhenish beech- 
tar creasote which distils at 200^-205^. The guaiacol, under the influence of dry 
hydrogen iodide at 195^-200^, splits up completely into catechol and methyl iodide. 
The operation is stopped as soon as red streaks show themselves on the sides of the 
glass, and the evolution of methyl iodide ceases. The residue is then fractionated, 
and the portion which distils between 220° and 250° is crystallised. By this process 
1 kg. beech-tar creasote yielded 46 g.‘ catechol. The smallness of the product is per- 
haps due to the presence of liquid phenols in the impure guaiacol employed. 

The purification of catechol is best effected by recrystallisation from anhydrous 
benzene, in which it is much more soluble than resorcinol ; the solution on cooling 
deposits it in perfectly colourless highly lustrous lamins melting at 104° (Fittig a. 
Mager, Ber. viii. 366). 

Nitrocatechol, C*H*(NO*)(OH)*, is formed by the action of nitrous acid in 
aqueous solution on catechol. 4 g. catechol and 20 g. commercial potassium nitrite 
are dissolved in 120g. water ; dilute sulphuric acid is added as long as effervescence is 
thereby produced ; the dark brown-red liquid is shaken as rapidly as possible with an 
equal volume of ether ; and the residue left after the expulsion of the ether is purified 
by recrystallisation from benzene. Nitrocatechol thus obtained forms very small 
woolly needles easily soluble in water, alcohol, and ether, sparingly in benzene, melt- 
ing at 157° (uncorr.), and decomposing at a higher temperature. In potash-ley it 
dissolves with fine purple colour, and the reaction is so delicate that nitrocatechol 
might be used as an indiciitor in titration. ‘ Normal barium-nitrocatechol, 
C*H*(N0)*02Ba,3H*0, forms dark-red metallically lustrous laminae, very sparingly 
soluble in water even at the boiling heat. At 130° they give off their water of crys- 
tallisation and assume a dark green colour, but do not lose their metallic lustre. The 
acid barium salt is much more soluble, and has not been obtained in the crystafiine 
form. 

Nitric acid completely decomposes nitrocatechol, with violent evolution of gas. 
By tin and hydrochloric acid it is converted into amidocatechol, the hydrochloride 
of which crystallises from dilute hydrochloric acid in long needles ; the free base 
separated from this salt by alkalis oxidises immediately on exposure to the air, and 
dissolves with dark violet colour. By the action of nitrous acid on catechol in ethereal 
solution, another nitro-derivative is formed, which dissolves but sparingly in water, 
volatilises with water-vapour, and separates in yellow drops which soon solidify. 

Dibromodimethylcateckol, or Dihromoveratrol, G*H’Br^O% is contained in the red 
resin which is formed by the action of bromine on veratric acid. When crystalli.sod 
from dilute alcohol, it forms hard shining prisms which melt at 83°-84°, are insoluble 
in water, but dissolve readily in alcohol and ether. 

NUrodimethylrcaiechols. See Veratrols (Nitro-), 

Cateeholsulphonic acids , — Two of these acids, C*IIVOH).Oi50*lI and 
C*HXO.SO*H)*, are obtained as potassium salts by the action ot potassium pyro- 
sulphate on a solution of catechol in potash-ley : 

+ C«HXOH)(OK) » K*SO« + C«HXOH)(OSO»K) 
and 

2K»8*0’ + (yHXOHXOK) = 2K»sd‘ + 

To prepare these salts, 20 pts. of catechol are added to a solution of 20 pts. potassium 
hydroxide in 25 pts. water, and the cooled mixture is agitated for several hours with 
45 pts. phtassium pyrosulphate, then heated on a water-bath, and exhausted with not 
more than an equal volume of absolute alcohol, whereby the catecholdisulphonate is 
separated, while the monosulphonate remains in the mother-liquor. Potamum 
eatecholdisulpkonate is a crystelli no powder, insoluble in absolute alcohol ; its aqueous 
solution gives no colour-reaction with ferric chloride. The monosulphate crystallises 
on evaporation of its ethereal solution in shining laminae easily soluble in water ; its 
aqueous solution gives a violet coloration with ferric chloride (£. Baumann, Ber, xi. 
1907). 

PY&OCB&OXB. On a variety of pyrochloro from the limestones of the 
Kaiserstuhl-range, see Koppitb (p. 1158). 

FTBOCB&OkTSi MnHH)^. This mineral occurs, together with manganosite, 
in a porous limestone rock in the Mossgrube, Wermland, Sweden (Sjogren, i7aAr5. /. 
Min, 1877. 538). 
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mUMHOrOBOarzo JUSIS, Weidel obtained this add by the dty 

distillation of dncbonic acid (p. 485), and assigned to it the formula Sub- 

sequent experiments hare, however, shown that the formnlm originally assigned to 
this Mid, and to cinchonic and cinchomeronic acids, were incorrect, and that the true 
reactions between these acids are represented by the formulte : 

C’H*NO< + H*Q + = NH» + O’HH)* 

Cincliomerontc Clnohonlo 

acid. acid. 

« CO* + C«H«0» 

Cinchonio Pyrocinchonio 

acid. acid. 

Pyrocinchonic acid crystalliscfi in pearly rhombic plates, has a sweet taste and alkaline 
reaction, melts at 90®, boils at 214® (uncorr.) Its vapour-density by experiment is 
4*16 ; by calculation for C*H*0*, 4*35 (Weidel a. von Schmidt, Ber. xii. 1146). 

pnocxnzc ACZB. See CiTBic Acid (pp. 511^18). 

PTROOAliZiOZif 0'’H^(0H)*. Byrogallic add, Oxidaticm, — When a solution of 
pyrugallol, mixed with sodium phosphate, is exposed to the air, carbon dioxide is 
evolved, and pyrof^alloquinone, is formed, identical with that which 

Wichelhaus obtained by dissolving quinone in pyrogallol (vii. 1030). This compound 
may be separated by ether from two other bodies formed in the reaction, one of these (an 
acid) being taken up by ether only after the mixture has been acidulated, and the 
other being nearly insoluble therein. An action similar to that of the phosphate, but 
less energetic, is exerted by the alkali-salts of weak acids, such as acetic and boric 
acids. IMium thiosulphate effects rapid oxidatiem, but only as a carrier of oxygen ; 
ammonium sulphate, magnesium sulphate, and potassium iodide exert but a feeble 
action ; the chlorides, nitrates, and sulphates o'f potassium and sodium none at all. 

On the oxidation of pyrogallol by ozones see vii. 1029, 1030. 

Pyrogallol absorbs nitrogen dioxide and cyanogen, forming with the latter the 
compound G"H*0*.0N, which decomposes gr^ually at ordinary temperatures, and 
more quickly at 100®, yielding a brown-red resinous residue, soluble in alcohol, and 
sublimable in needles probably consisting of pyrogallol. 

Reaction with Alkalis and Alkaloids. — ^Water containing an alkaline carbonate or 
an acid carbonate of calcium or magnesium gives in a few minutes, after addition of 
pyrogallol, a copious black precipitate. Alkaloids form with pyrogallol more or less 
1)i*own solutions which give a black precipitate with mercuric chloride, A solution of 
mercuric chloride and pyrogallol in alcohol may therefore be used as a test for distin- 
guishing plant-bases from glucosides, bitter principles, &c., more or less resembling 
them. A solution of O'd grm. pyrogallol in 5 c.c. water and 5 c.c. alcohol, mixed with 
0 0001 ferric chlori^f colours crystals of organic bases blue, whereas glucosides 
are not altered by it. Similar results are obtained with a solution of pyrogallol and 
cujmic chloride (Schlagdenhauffcn, Pharm. J. Trans. [3], iv. 772). 

On the reaction of Pyrogallol with Iron salts, see vii. 1029, 

Reaction with Picric Acid and Potassium Cyanide. — On mixing very strong solutions 
of pyrogallol (5 grms.), picric acid (10 g.), and potassium cyanide (20 g.), a salt is 
formed very much like potassium isopurpurate, but apparently less disposed to crys- 
tallise. Acids throw down from.^this solution a purple precipitate ; copper, calcium, 
and barium salts a purple red or leather-coloured precipitate. Stannic chloride pro- 
duces a light crimson coloration. Ferrous sulphate forms with the solution of this 
salt a red liquid which, on exposure to the air, deposits a dirty-green precipitate. 
The solution of the salt decomposes slowly on standing, more quickly at the boiling 
heat, with separation of a purple precipitate nearly insoluble in water and in cold 
alcohol. Potassium forricyanide, added to the solution of the salt, throws down green 
flocks which dissolve, with apparent decomposition, when washed with water, and 
dissolve with green colour in alcohol (J. Walz, Amer. Chem, 1874, iv. 214). 

Reaction with Nitrogen DioartVZe.-— According to Bussell a. Lapraik {Chem, 8oe, J, 
xxxii. 36), a solution of potassium-pyrogallol absorbs 58 to 69 vol. p. c. of nitrogen 
dioxide when left in conbict with it for twelve to fifteen hours. A solution of the 
same salt, saturated with oxygen, absorbs 76 per cent. Solution of potassium hydroxide 
absorbs 75 to 77 per cent, of the dioxide^ Pyrogallol produces no alteration either in 
dioxide or monoxide of nitrogen. Potassium-pyrpgallol does not act on the monoxide. 

On the action of Bromine in presence of Water on IVibromopyrogallol, see vii. 1031 ; 
also Xanthooai.i ol in this volume. 
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Pyrogallic Ethers, 

Blmetlijl PjroflraUAtei OH’(OHXOCH^)^ (A. W. Hofmann, Her. \i. o33). 
This ether occurs in beech-tar oil, and is the constituent from which cedriret or 
ccerulignone (i. 818 ; vii. 376 ; viii. 548) is produced. To isolate it. the portion of 
beech-tar oil which boils at 250°-270 was trbated with benzoyl cliloride, and the 
crystalline product (m. p. 107°-*110°) thereby obtained was decomposed by an alkali. 
The oil thus obtained, boiling between 250° and 265°, yielded on cooling splendid 
white prisms of dimethyl pyrogallate, melting at 51°-52°, boiling constantly at 253°, 
and resolved by heating with hydrochloric acid into methyl chloride and pyrogallol. 
The ether may be prepared by heating for four or five hours at 150°- 100^, a mixture 
of 1 mol. pyrogallol, 2 mols. potassium hydroxide, and 2 mols. methyl iodide dissolved 
in methyl alcohol. 

The conversion of the dimethyl pyrogjillate into cedriret may bo effected by 
various oxidising agents, viz. chlorine, bromine, iodine, nitric acid, ferric chloride, 
potassium ferricyanide, but not by atmospheric oxygen or ozone, and it succeeds best 
with potassium dichromate in glacial acetic acid, or by adding hydrochloric acid to a 
hot solution of the ether in soda-ley mixed with potassium dichromate. It appears 
most probable that an intermediate product, not yet isolated, is formed in the first 
instance, and then converted by further oxidation into cedriret or coerulignone, 

I ! 

Bthjl Pyrogallates and tbe Cedriret of tbe Bthyl Seilee (Benedikt, Ber. 
ix. 125; Hofmann, Ber. xi. 797). Benedikt finds that pyrogallol cannot be ethylised 
by means of ethyl iodide, even wlicn an alcoholic solution of the two bodies is heated 
in a sealed tube at 120°. The mono- and di-ethylic ethers may, however, bo prepared. 
Ijoth from pyrogallol and from tannin, by the metliod adopted by Gorup-Besanez for 
the preparation of guaiacol (ii. 653). Bor this purpose the requisite quantities of 
potassium hydroxide and potassium ethylsulphato are introduced into a champagne or 
6(Kla-water bottle, and 30 grams of pyrogallol and about 300 c.c. of absolute alcohol 
are added. The bottle is then tightly closed, and heated for twenty-four hours in a 
water- bath. When the action is over, the pro<luct is supersatunited with sulphuric 
acid, and shaken with ether; the ether is then removed by distillation ; the thick oil 
which remains is washed with water and distilled ; and the distillate, wiiicli is a 
mixture of the solid mono- and the liquid di-ethylic ether, is separated into its two 
constituents by pipetting. Hofmann, by proceeding in a similar manner, using 1 mol. 
pyrogallol, 3 mols. potassium hydroxide, and 3 mols. potassium ethylsulphate, has 
obtained all the three ethylic ethers of pyrogallol. To separate them from the crude 
product, the alkaline liquid is saturated with hydrochloric acid, the alcohol then 
removed by distillation in the water-bath, and the dry strongly coloured residue well 
shaken with ether, which, on evaporation, leaves a dark brown oil having a strong 
odour of beech-tar. This oil may be freed from unaltered pyrogallol by washing with 
an equal volume of water, and then treated writh sodjv-ley, whereupon the mono- and 
di-ethylic ethers dissolve, while the triethylic ether remains undissolved. If the 
mixture of the three ethers be treated with an insufficient quantity of soda-ley, only 
the monethylic ether passes into solution. 

Monethyl Pyrogallate^ C"H*(OH)*(OC*]P), forms crystals melting at 95°, 
very easily soluble in alcohol and ether, sparingly soluble in cold, more freely in hot 
water. It crystallises from alcohol in hard needles, from water in small slender 
needles ; volatilises with vapour of water (Benedikt). 

Diethyl Pyrogallate^ C®H*(OH)(OC*H*y‘*, was described by Benedikt as a 
liquid which did not solidify at — 10°, volatilised with vapour of wat<'r, and resembled 
the monethylic ether in its relations to solvents. According to Hofmann, however, it 
separates from very dilute alcohol in crystals which melt at 79°. When dissolved in 
glflbial acetic acid, and treated with potaasium di chromate, it is converted into ethyl- 
cedriret, or rather the cedriret of the ethyl-series: 

This compound is insoluble in water and in other, soluble in alcohol, and crystallises 
in long thin crimson needles, which have a bluish-green shimmer like that of can- 
tharides, become light red when dried or pulverised, and dissolve with cornflower-blue 
colour in strong sulphuric acid, ffydrocthylcedriret or Tetretoxy-dihydroxydi^heniyl^ 
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(OH)(OC*H*)*C*H*— 0*H*(0C*H*)*(0H), formed by the action of sulphurous acid on 
ethyl -codriret, melts with decomposition at 176°, is insoluble in water, easily soluble 
in ether, and is converted by oxidising agents into cedriret. 

Triethyl C*H>(OC^H^)^ crystallises in long needles melting at 

39°, resembles the two preceding in most of its physical characters, but is not dis- 
solved by sodsrley (Hofmann). 

EthylenePyrogallate, C'‘H*0*=‘C«H»(0H)<^q>C 2H< (Magatti, B&r. xii. 1860), 

is prepared by heating 2 mols. pyrogallol, 3 mols. ethylene bromide, and 6 mols. 
potash with ethyl alcohol at 100° for fifteen to twenty hours ; and may be separated 
from the product by acidifying with hydrochloric acid and extracting with etlier. the 
ethereal extract yielding it on rectification as a colourless, heavy, strongly refractive 
liquid having a burning taste, and the odour of beech-wood tar; it boils at 267°. It 
resembles the phenols in its priperties, forming crystalline compounds with alkalis, 
benzoic chloride, and bromine. The benzoyl comyo-md^ C"H’0’(00’H“0), is a white 
crystalline substance, easily soluble in boiling alcohol and ether, melting at 109°. 
The bromo-compound crystallises from glacial acetic acid in transparent tables melt- 
ing at 67°. 

Mouethylcno pyrogallate is easily oxidised by ferric chloride and potassium 
dichromato; but the oxidation-product is apparently not uniform in composition. 
It is not dissolved but blackened by sulphuric acid, and therefore differs from the 
class of compounds to whicli cedriret belongs. 

Simultaneously with the ethylene pyrogallate there is formed a compound which is 
insoluble in alkalis, soluble in alcohol and ether, separates from the former in ill- 
defined crystals melting at 83°, and apparently having the composition C’®H"0*lJr. 

Metbyl-pyrogallol, = C‘‘H*(CH*)(Ofl)>. The dimcthylic ether of this 

phenol is obtained, together with those of pyrogallol and propyl-pyrogallol, by treat- 
ing the crude mixture of pyrogal lie other extrac^ted from beech-wood tar (p. 1710) 
with benzoic chloride. The resulting benzoyl-compounds are separated by fractional 
crystallisation; that of methyl-pyrogallol melts at 118°-119°, and is resolved by 
potash into benzoic acid and dhnethylic methyJfytogallaie, C®H“(CH*)(OH)(OClP)*, 
which melts at 36° and boils at 266°. This ether, heated at 150°-160° with strong 
hydrochloric acid, yields methyl chloride and methyl-pyrogallol, which is soluble 
in water, melts at 129°, and volatilises unchanged. It boars a strong resemblance to 
pyrogallol, its alkaline solution turning brown on exposure to the air (Hofmann, Z/cr. 
xii. 1371). 

Propyl-pyrogallol, C*ir*0®=*C“H2(C*H‘)(OH)®. The dimcthylic ether of this 
compound, C"ir*0* = C*H’‘(C*H’)(OH)(OCH*)* constitutes the 'portion of beech-tar 
oil which boils at 286°. Treated M'ith acetic anhydride, it yields an acetyl-derivative, 
C‘‘H*^(C-fPO)0*, which melts at 87°, is insoluble in water, crystallises from alcohol 
in white prisms, forms with bromine a dibromo-derivative, C*'IP®1V‘'(C'“H’0)0*, 
melting at 101-5°-l()2*6°, and with benzoyl chloride a benzoyl-ilerivative melting 
at 91°. 

Jly heating the oi or its acetyl-derivative with strong hydrochloric acid at 130° in 
a sealed tube, methyl chloride is produced, together with propyl-pyrogallol, which 
dissolves easily in water, alcohol, and ether, and crystallises in prisms melting at 
79°-80° (Hofmann, Her. xi. 329). 

Colouring Matters flrom P^ogallio Sthers. The formation of cedriret 
from dimcthylic pyrog<illate has already been mentioned, and further experiments have 
shown that pittacal, the blue colouring matter which Reichenbach obtained from 
the high-boiling portions of wood-tnr, belongs to the same class of bodies. Tlie process 
by which Reichenbach prepared iliis body is not known, but Orfitzsl, in Hanover, by 
subjecting the higher-boiling portions of wcx^tl-tar to a peculiar process of oxidation 
(not yet published), has obtained a brown earthy substance which gives with baryta 
the blue reaction described by Reichenbtich. This brown substance ha6 been examined 
by Liebcrmann [B&r, ix. 334), who finds that the colouring matter, which is present it]^ 
small quantity only, may be isolated by digesting the brown substance with hot acetic 
acid, mixing the filtered solution with excess of neutral lead acetate, treating the 
resulting precipitate with hydrogen sulphide, and exhausting the washed lead sulphide 
with warm alcohol, which dissolves the colouring matter, and leaves it on evaporation 
as an orange-red crystalline powder. t 

The colouring matter is soluble in alcohol and acetic acid, forming brown solutions. 
Alkalis dissolve it with purple, ammonia with blue colour, forming solutions from 
which carbon dioxide throws down blue salts soluble in pure water. In the alkaline 
solutions calcium, iniignesium, bariuu], and tin salts produce blue precipitates, often 
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haviug a beautiful golden lustre. The calcium and mngnesium precipitates are soluble 
in pure water. Hydrochloric and strong sulphuric acids dissolve the substance with 
red colour ; the latter solution turns pure blue on warming. The pure orange-coloured 
substance acquires a deep golden lustre when moistened with strong mineral acids. 
In acid solution it dyes animal fibres orange; in ammoniacal solution, especially with 
tin mordant, blue-violet. The substance is free from nitrogen, and contains, as shown 
by three concordant analyses, 63*6 per cent, carbon, and 5*6 per cent, hydrogen. 
Liebermann calls it eupittone, and regards it at least closely allied to Reichenbach’s 
pittacal. 

Experiments tending to throw light on the nature of pittacal have also been made 
by Hofmann {Ber. xi. 1455 ; xii. 1371). The secondary ethers of pyrogallol yield, 
with chloroform and carbon tetrachloride, compounds analogous to those which are 
produced by the action of these same reagents upon phenol, and if the reaction takes 
place in presence of alkalis, blue colouring matters are formed. The best results are 
obtained when dimethylic pyrogallate, mix& with a quantity of alcoholic potash or soda 
sufficient to form a salt, is heated for some hours at 1 20^-130® with perchlorethane, 
C^l*. A blue compound is then formed, and on evaporating off the alcohol, treating 
the residue with water, and the filtrate with hydrochloric acid, a light red liquid (or 
crimson with excess of acid) i.s obtained, which on standing deposits brownish-yellow 
needles. On dissolving these crystals in boiling alcohol, and treating the solution 
when cold with twice its volume of ether, a substance is obtained which crystiillises in 
long orange-yellow needles; dissolves easily in glacial acetic acid, and is reprecipitatod 
therefrom by alcohol ; bears a heat of 100° without change ; melts at 200°, and 
decomposes partially yielding a blue sublimate. This substance is a weak aciil, form- 
ing with the alkali-metals blue salts which are solub^ in water, and are precipitated 
from aqueous solution Ijy an excess of alkali or alkali-salt. It dissolves in sulphuric 
acid, forming a red solution which becomes blue when heated, and red again on addition 
of water. This substance has the composition and is idcnticiil in composition 

with Liebermann’s eupittone, as the following comparison will show : i 

Analynes : 




Calculation 

Liebermann 

Hofmann 

C2» . 

. 300 

63*83 

63*6 

53*4 

. 

26 

5*53 

5*6 

6*7 

o» 

. 144 

30*64 




470 

100*00 




It likewise re.sembles eupittone in its properties. Hofmann names it eu pit tonic 
acid. Its formation from dimethylic pyrogallate is analogous to that of rosolic acid 
from phenol . 

3C«H«0 + C02 = + 211*0 

Phenol. Bosolic acid. 

3C»HW0* + 002 ^ C*»H2«0» + 2H*0 

Dimethyl Enpittonic 

pyrogallate. acid. 

It is known indeed that poi’chlorethane, when heated with alkalis, is converted into 
oxalic acid, and this acid splits up under certain circumstances, yielding CO and CO^. 

Eupittonic acid (pittacal) may be regarded as hoxmcthoxyl- rosolic acid, 
C'*H“(0CH*)*0*. Attempts to replace the six niethoxyl-^oups by hydrogen resulted, 
however, only in the production of pyrogallol. Its relation to rosolic acid is, how- 
ever, better shown by its behaviour when heated with alcoholic ammonia in sealed 
tubes at 160°-170°, whereby it is converted into hexmethoxyl-rosaniline, 
C**H"(00H*)*N2, ^ blue solution being formed, which on cooling deposits the hex- 
methoxylated base in broad colourless needles containing, like those of rosanilinc, 
1 mol. of water (see Bosaniline). 

The sodium-dorivatives of dimethylic pyrogallate and dimethylic methylpyrogallate, 
C*H*(OOH*)*(ONa) and C*H2(CH*)(OCH2)*ONa, which are best obtained by adding soda 
to the alcoholic solutions of these ethers, may bo heated separately in an open vessel 
without forming a trace of pittacal ; but when a mixture of the two with excess of 
soda is heated, pittacal is formed, sometimes to the extent of 10 per cent, by weight of 
the mixed ethers. On treating it with water, the mass dissolves, forming a deep 
indigo-blue solution. On adding hydrochloric acid, the solution becomes carmine-red, 
and deposits a resinous mass which when purified furnishes eupittonic acid (pitUical) 
in beautiful ciystals. The pittacal may also be extracted from the acidified solution 
with boiling benzene, unaltered pyrogallate having been first removed by agita- 
tion with ether. The quantity of colouring matter formed is not increased by the 
addition of oxidising agents, chiefly on account of the extreme ease with which these 
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agents convert dimethyli^ pyrogallate into cedriret. The reaction may be thus repre- 
sented : 

2C«H»®0» + C«II«0» === + 3H*, 

and may be compared with that by which rosaniline is produced from aniUno and 
toluidine : 

2C®H^ + Cmm =: + 3H*. 

In the former case the oxygon necessary to remove hydrogen is derived from the 
atmosphere, as may be proved by attempting to conduct the reaction out of contact 
with air. 

Eupittonic acid appears to be bibasic. Its alkali-salts are blue with green reflex. 
The ammonium salt is decomposed when its solution is boiled, and after a time crystals 
of pittacal are deposited. In virtue of the intensely blue colour of the alkaline com- 
pounds of pittacal, paper steeped in a solution of it and dried, furnishes an exceedingly 
sensitive test for free alkalis, but its utility for this purpose is considerably lessened 
by the fact that hydrochloric acid also colours it blue. 

When boiled with acetic anhydride, eupittonic acid yields a yellow diacetyl deriva- 
tive, which strangely enough is insoluble in alkalis, although its molecule ought still 
to contain fmr hydroxyl groups. 

A homologuo of eupittonic acid, (which has not heeu analysed), was pre- 

pared by heating dwihylic 'pyrogallaie and diviethylic methylpyrogoLlate with soda. It 
differs from its prototype in being soluble in ether and less easily crystallisable, and 
in the inferior stability of its ammonium compound. It also forms a triamine when 
heated with ammonia, probably a dimethoxyUtetretkoxyl pararosanilinc : 

C*»Bf'*(OMo)2(OEt)*N».H20. 

PYSOO&UOQVnrOirS, This compound, 

which Wichelhaus obtained, together with quinol, by dissolving qninono in pyrogallol 
(vii 10.30), according to the equation 2C*11W + 2C®I1®0® = 0®H®()“ + C‘"H^‘0“, is also 
produced by oxidation of pyrogallol in the air in presence of sodium phosphate (p. 1 709), 
and may be separated by agitation with ether from two other bodies formed at tlie 
same time, one of wdiicli (an acid) dissolves in ether only after aeidiilati(.)ii of the 
mixture, while tlio other is nearly insoluble in other. To prepare the qninono in 
considerable quantity, 10 grams of pyrogallol are mixed with 20 g, sodium phosphate 
and 2o0 c.c. water, and tlie whole is heated to and agitated for half an hour in 
an apparatus constructed for the purpose. 

I'yrogalloquinonc is sparingly soluble in w’ater, somewhat more soluble iu alcohol, 
still more in ether, chlorolbrin, and sodium phosphate. It reduces Echliiig’s solution 
and silver nitrate. Its acjuoous solution gives a. bluo-violct precipitate with ferrous 
salts, red-brown precipitates with copper and lead salts, and produces a dark coloui 
with ferric chloride. The blue colour which Wichelhaus observed on treating pyr«)- 
galloquinone with alkalis is produced only in prosorico of free oxygen (0. Loew, J, pr, 
Chem. [2], xv. 322). 

PYROGSXTZSZC ACXB, This substance, obtained by the action of 

heat, on gentisic acid, the colouring matter of gentian root (p. 860), and at first sup- 
posed to be isomeric with quinol (hydroquinone), has since been shown to be identical 
therewith, the error having arisen fr^jm incorrect determination of the molting point 
of quinol, which is now known to molt at 169°. In like manner, gentisic acid has 
been shown to he identical with hydroxysalicylic acid (m. p. 196''-197°) (Ulasiwetss 
a. Habermaun, Liebig's Annalen^ clxxx. 343). 

.PYROBUSZTEf MnO^ Analyses of this mineral have recently been published 
by Phipson {Chem. News, xxxiii. 243), Muir {ibid. xxxv. 6), and by Wright a. Luff 
{Chem. 8oc. J. xxxv. 618). 

PYROSKARXe ACXD. See Fimabic Acid (p. 1626). 

PYROlMtECAZOM'XC ACXB. See the next article. 

PYROMECOXrXC ACXB, C^II^O^ (Ost, J. pv Chem. [2], xix. 34 and 177. 
Ihl6e, Lielng'a Annalen, clxxxviii. 31). This acid, isomeric with pyromucic acid, is 
formed from moconic acid, C^H^O", by elimination of 2 raols. CO*. It crystallises in 
largo brilliant prisms, easily soluble in 'wate:^ and in alcohol, less soluble in ether and 
in chloroform ; vohitilises completely at 100°; boils at 225° (Ost) ; molts at 121*5°, 
and boils at 227°-228° (Ihl5e). In contact with excess of alkali it readily oxidises, 
even without warming, producing formic acid (Ost). On boiling it with baryta-water, 
the liquid turns red and brown, and deposits a precipitate of barium carbonate, and 

VoL. VIII, 5 S 
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the aqueous distillate yields drops of an oil which reduces silver salts (perhaps aa 
aldehyde). The residue of the distillation contains barium formate (Ihl^e). 

Pyromccoiiic acid unites with hydrochloric and sulphuric acid. When gaseous 
hydrochloric acid is passed over it, only a very small quantity is taken up, but on 
mixing the ethereal solutions of pyromucic acid and phosphorous chloride, white 
needle-shaped crystals quickly separate, having the composition C^I1“*0*.0H,HCI. 
This compound is resolved into its constituents by alcoliol or water, and slowly by 
moist air. The corresponding sidphate, (C^H®02.0H)-H='S0\ separates in prismatic 
crysttUs from a mixture of 1 mol. pyromeconic acid in ethereal solution and less than 
1 mol. sulphuric acid ; if the two acids are mixed in equal numbers of molecules, 
needle-shaped crystals separate, having the compound C^H’O^.OH.H-SO*. 

Pyromeconates. Besides the normal salts of the general formula G*ll®MO*, pyro- 
meconic acid forms acid salts, G*H®M()*.C*H‘0*, which easily piirt with a molecule of 
pyromeconic acid ; both series of salts crystallise well and have an acid reaction. 
The Twrmal potassium salty G^IPKO*, is prepared by mixing excess of potash with a 
concentrated solution of the acid ; if a somowdiat dilute solution bn used, the acid is 
oxidised, with production of formic acid (Ost). Ihlee prepares tlie salt by mixing a 
hot alcoholic solution of the acid with alcoholic potash, the salt then separating on 
cooling as a crystalline pulp. The normal sodium salt has not been obtained ; the 
add sodium salty G*H*NaO*,GMI^O*, is formed on mixing the alcoholic solution of the 
acid and base. An ammonhim salt of uncertain composition, and easily undergoing 
decomposition, with reproduction of the acid, is formed on mixing alcoholic solutions 
of the acid and ammonia ; if aqueous solutions are used and much ammonia is added, 
pyromeconic acid alone crystallises out (Ost). The acid barium and calcium saltsy 
(G*®H’0®)'‘‘M"= (C^H''0*)‘'‘M",2G'’H^0*, are obtained 1^' boiling the respective carbonates 
with a solution of the acid till the liquid becomes neutral ; on longer boiling, decom- 
position takes place. The copper salty (G*H®0*)‘*Gu, crystallises in green silky needles 
(Ihl4e). 

No ethereal salts of pyromeconic acid have been obtjiined. Acetylpyromeconic*acidy 
G*H*(C*H*0)0*, is easily prepared by heating the acid with acetyl chloride, and crys- 
tallising the product from absolute alcohol; it forms colourless prisms melting at 91®, 
easily soluble in alcohol, water, and chloroform. 

Xritropjrromeconlc Acld« C*H“(N0-)0®, is formed, with violent reaction, on 
adding 1 to 1^ pts. .strong nitric acid to 2 pts. pyromeconic acid di.ssolved in 6 pts. 
acetic acid, and crystallises from alcohol in small well-defiued yellow prisms, very 
slightly soluble in cold w’ater, and decomposed with explosion by boiling water; in- 
soluble in other, benzene, chloroform, and carbon sulpliido; dissolves most readily in 
absolute alcohol, acetone, or hot acetic acid. 

The acid is monobasic. Its sodium salty G*II*(NO*)NaO*, obtained by heating the 
nitro-acid with aqueous sodium carbonate, crystallises on cooling in golden-yellow 
laminse slightly soluble in cold WMter. It is quickly decomposed by excess of 80 <lium 
carbonate or hydrate, even at ordinary temperature. It explodes with great violence 
when heated, also when moi.stened with a drop of strong sulphuric acid. The barium 
and calciu?n salts are obtained by double decomposition as crystalline precipifaites. 
The silver salty obhiined by gently warming the aqueous acid with silver nitrite, forms 
orange-yellow cry sfcil line nodules, insoluble in cold water ; its formation serves for 
the detection of very small quantities of the nitro-iicid. It is decomposed by water 
slowly in the cold, more quickly when heated, with separation of metallic silver ; it 
explodes when heated alone. 

Amldopyromeconlc Acldf G®n*(NH*)0*. The hydrochloride of tliis acid, ob- 
tained by reducing the nitro-acid with tin and hydrochloric acid, removing the tin from 
the resulting double salt with hydrogen sulphide and evaporating, forms largo rhombic 
crystals having the composition G*lI*(NH*)0*,flGl + H*0 ; and these, when decomposed 
by ammonia in aqueous solution, yield the acid, which ciystallisos from hot water in 
long needles, easily decomposed by alkalis, but not by water. 

XTitrosodipyromeconlo Acid, G*®H'(N0)0', is obtained by passing nitrous 
gas (from arsenious oxide and nitric acid) into an ethereal solution of pyromeconic 
acid. It is very unstable, giving off hydrocyanic acid on exposure to moist air. It 
separates from the liquid as a light yellow precipitate, but cannot be crystallised, as 
the liquids which dissolve it also decompose it. Excess of nitrous acid readily con- 
verts it into nitropyromeconic acid. On warming it with water, nitrous and hydro- 
cyanic acids are evolved, together with' carbonic anhydride and other gases, and 
a moderately stable crystdline compound separates, having the composition 
C*H*NO^G•H^O■. This compound, heated with chloroform, is decomposed, pyro- 
meconic acid going into solution, and oxypyromecazonic acid, C*n*NO^ re- 
maining. 
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This last acid in its general character resembles pyronieconic acid ; it is easily 
soluble in hot water, soluble in cold water and in alcohol, insoluble in ether an«l 
chloroform; crystallises in needles with 1 mol. of crystalline water, occ;ision;illy 
also with 2 mols., and in short anhydrous prisms. 

It is readily decomj^sed by excess of alkali, and by oxidising agents generally : not 
attacked by hydrochloric acid. 

AQid, Sodium Oxypyromccazonate, C*H*NaNO^C•M^'•NO^ separates as ’a crystalline 
pulp on mixing the free acid and sodium carbon.Me in the proportions to ibrin the 
normal salt, which appears to be nnerystallisable. The Avhite salt precipitated on 
adding a small quantity of soda to the alcoholic solution becomes deep blue on addition 
of more soda, but dissolves without colour in water. The acid potassium salt, pro- 
duced like the sodium salt, crystallises in largo anhydrous prisms. U'hc normal 
calcium salt, (C‘Il‘NO*)“Ca, is formed on mixing either tlic normal or the acid sodium 
salt with calcium cliloridcj, as an amorphous precipitate which becomes crystalline on 
cooling ; it is very sliglitly soluble in water, and when treated with ammonia, in con- 
tact with the air, gradually turns blue. The barium sedt, formed like the calcium 
salt, is less stable in contact with the air. The acid thallium salt, obtained by pre- 
cipitating the acid sodium salt with thallious sulphate, crystallises in very thin 
colourless anhydrous needles sparingly soluble in water. 

Oxypyroruecazonic acid comhirios with acids as well as witli bases. Tho hydro- 
chUyride, G^JI*N0\1JC1, obtained by dissolving the acid in gently warmed strong 
hydrochloric acid, crystiillises on cooling in hard crusts (pyromeconic Jicid crystallises 
from fuming hydrochloric acid without alteration). The crystals, when left over 
quicklimo, do not give off a trace of hydrotrhloric acid, but water immediately resolves 
thorn into their components. The hydriodide is obtoined in like manner, and exhibits 
similar properties. 

Pyromecazonic acid, C^II^NO*, isomeric with amidopyromcconic acid, is pro- 
duced by long-continued action, at a moderate temperature, of tin and hydroehhiric 
acid iiiXm tho foregoing acid. After removing. excess of tin, the liquid is evaporated, 
when a double compound of pyroniecazouic acid and hydrochlorie acid, C*II.®N0“,1TC1, 
crystallises out. This compound is deconjjroswl by water, the solution is evaporated 
to clrym^ss ti> drive off hydrochloric acid, and pure pyromecazonic acid is obiaincd by 
recryMallisiiig tho residue from hot water. Pyromecazonic acid is but very slightly 
soluble in cold v/ater, almost in.Kolublo in alcohol, and insoluble in ether: it may be 
partially sublimed unchanged. Its salts airo unsUible, being eiisily decomposed by the 
oxygen of tlio air, with production of blue and violet-coloured bodies. It forms 
double compounds with acids, and in its general behaviour resembles oxypyromocazojiic 
acid (Ost). 

PYROMEXiXiZTZC ACID, C«1P(C02II)*. The methylic ether of 

this acid cry.stiillises in large plates ; melts at 138^; distils without decomposition; 
and is but sparingly soluble in alcohol, oven at the boiling heat (Ilaeyer, Liebig's 
Anvalen, clxvi. 32o). 

On the compounds produced by tho action of Pyromellitic acid on a-Naphthol, see 
vii. 840. 

PYROnSVeze ACZD, This acid is best obtained by the action of 

alcoholic pota.sh on furfural. This aldehyde, in quantity not exceeding 2r) grams, is 
mixed with an equal volume of conceiil rated alcoliolic potash, w'hercupon the mixture 
becomes very hot, and solidifies in fi few minutes to laminae of potassium pyromiicate. 
The furfuralcohol formed at tho same time is removed, after cooling, by washing w'ith 
ether, and the pyromucic aci<l is precipitated from tho residue by hydrochloric acid. 
The quantity of pyromucic acid thus obtained amounts to 33 per cent, of the furfural; 
whereas tho method of decomposition by silver oxide yields only 14 per cent. Dry 
distillation of mucic acid yields but a very small quantity (Liinpricht, Liebig's 
Annalen, clxv. 278). 

On the Reactions and Isomerides of Pyromucic acid, sco vii. 1032. On its Consti- 
tution, SCO p. 836 of this volume. 

Rromlne-compounds. Bihromid^ of Pyromucic acid, is formed on 

adding bromine to a solution of ethyl pyromucato in glacial acetic acid (R. Schiff a. 
O. Tassinari, Per. xi. 842); and the Ictrahrmnide, 

BrirO - OHBr 

C»H<0»Br« -= I I 

BrHC— O-CBr.OOOH 

by exposing pyromucic acid to the action of dry bromine-vapour. This compound is a 
white crystalline substance easily soluble in alcohol and ether, sparingly in chloroform 
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and light potrolenm, insoluble in cold water, decomposed by hot water with evolution 
of CO'-* and HBr. It melts with decomposition at 159®-! 60®, giving oif bromine and 
hydrogen bromide, and yielding an acid body in the form of a sublimate of neodle- 
shtiped crystals melting at 180®. By reducing agents it is converted into pyromucic 
acid; by oxidation with chromic acid, into dibromosuccinic acid (Toniiies, xi. 
1086). 

Tetrahromide of Ethyl Eyromucate, C^H*Br<0* COOC-H*, is prepared by the action 
of dry bromine vapour on ethyl pyromucate for twelve hours at ordinary temperature, 
treating the product with a small quantity of bromine, and removing the excess of 
bromine with sulphurous acid. It dissolves in chloroform, and separates from the 
solution in colourless crystals which melt at46®-48®, and decompose at a higher tem- 
perature. Sodium-amalgam converts it into ethyl pyromucate (Tonnies). 

Monohromoyyromucic acid^ C*II*BrO®. — Two modifications of thisj).cid are 
pi^oduced by the action of alcoholic potash on the dibromide of pyromucic acid, and 
are easily separated by taking advantage of the difference of their solubility in boiling 
water. The more soluble of the two crystallises in colourless needles which melt at 
155®, sublime readily, and are converted into the less soluble modification by repeated 
boiling with water, and precipitation by hydrochloric acid. The less soluble acid, 
which may be purified by crystallisation from a large quantity of water or from dilute 
alcohol, forms beautiful micaceous scales melting at 180® (Schiff a. Tassinari, Ber, xi. 
842; Gasz. chlm. ital. 1878, 297). 

Dibromopyromucic acid, C^H*BrW, formed in like manner from the tetrabro- 
mide, crystallises in colourless scales, which melt at 184°-186®, and sublime without de- 
composition at a higher temperature (Tonnies, loc.fdt.) When heated with bromine- 
water at ordinary temperatures it yields carbon dioxide and mucobromic aldehyde, 
C*H*Br^O*, which crystallises from ether in stellate groups of needles melting at 88®, 
easily soluble in water, ether, and chloroform. This aldehyde, gently heated with 
chromic acid solution, is converted into mucobromic acid, C*H“Br*0*, identical 
with that which is obtained by the direct action of bromine on pyromucic acid (vii. 
828). The same oxidation may be efiected by adding bromine-water to a boiling 
aqueous solution of dibromopyromucic acid till the colour of the bromine no longer 
disappears. It appears, tberefore, that at ordinary temperatures only 1 mol. of 
bromine enters into the reaction with the result of forming an aldehyde, but that at 
higher temperatures 2 mols. of bromine enter into the reaction and produce the 
corresponding acid : 

+ Br® + H*0 C^IPBr^O’* + CO* + 2HBr 
C*ll*Br*0* + 2Br* f 2H20 « C<H*Br*0* + CO* + 4HBr 

This last reaction is exactly analogous to that 'which takes place when pyromucic aoid 
is treated with bromine-water at ordinary temperatures, whereby fumaric aldehyde is. 
produced, and renders it probable that the difierejice in the behaviour of pyromucic 
aud dibromopyromucic acid to bromine •'water is dub to tlie fact that, with the latter, 
the action stops at an intermediate stage, 'which, in tho case of the nf)ii-brominated 
acid, is at once passed over. If this view bo correct, mucobromic acid must bo regarded 
as di bromofumaric aldehyde (Touuics, Ber. xii. 1202). 

PYROPHOSPHATES. See Phosphates (pp. 1601). 

PYROPHYSAXiZTE. See Topaz. 

% 

PYROPZSSZTE. This waxy substance, wdiich occurs in lignite, was first 
described by Kenngott (iv. 769), and has lately been examined by H. Schwarz {Dingl, 
pol. J. ccxxxii. 465 ; Chem. Soc. J, xxxvi. 1022). 

PYRORACEMZC or PYRUVZC ACZD, » CIP.CO.COOU, or 

X’H* 

0^ I . This acid is formed: 1. By boiling chloriicrylic acid with silver 

^CH.COOH 

oxide and water C’lI^ClO* + AgllO = AgCl + C*IPO* (Bcckurts a. Otto, Ber. x. 266 ). 
2. Blithe action of strong sulphuric acid at 40^-50° on. tartaric acid: 

CO* -b H*0 + C*H*0* (Bouchardat, Compt. rend. Ixxx'ix. 99). 3. By the dry distillation 
of glyceric acid (Bottinger, Liebifs dmalen, exevi. 92) : 

CH*OH.CHOH.COOtI = H*0 + CIP.CO.COOH. 

4. By mixing acetyl cyanide with an equivalent quantity of hydrochloric acid, sp. gr. 
1*2, whereby it is converted into acetyl-formamide, and decomposing the latter with a 
slight excess of dilute hydrochloric acid (Claiscii a. Shadwell, Ber. zi. 1663) : 

CH*.CO.CN + H*0 =» CH».CO.OO.NH»; 
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and 

CH>.CO.CONH* + HCl + n*0 « NTI^Ol + CH»CO.COOH. . 

The first two of these modes of formation are consistent with either of the formula} 
above given for the acid ; tlie third is most readily explained by the first formula, and 
the fourth may bo regarded as decisive ;n its fiivour. 

lieactions. 1. DecompottUion Iry Heat* — Pyroracemic acid, boiled for about eight 
hours in a reflux apparatus, gives off carbon dioxide, becomes continually thicker, and 
darker in colour, and on cooling solidifies to a resin from which boiling water extracts 
pyrotartaric, uvic, and a small quantity of acetic acid, the greater part, however, 
remaining undissolved. Hence it is probable that the pyrotartaric acid produced in 
the dry distillation of tiirtaric acid is a further product of decomposition of pyroracemic 
acid, formed, in the first instance, according to the equation above given (Bottiijger, 
Ber. ix. C7d). 

2. With Phosphorus Pcntachloride.—yihon pyroracemic acid is gradually run into 
6 pts. of the pentachloride, hydrochloric acid, carbon dioxide, carbon monoxide, and a 
small quantity of acetyl chloride are produced ; and on completing the dissolution of 
the pent'ichlorido by warming, then distilling, pouring the portion which goes over 
at 130° into alcohol, and adding common salt, ethyl ic a-dichloropropionate, 
CH’.CCl-.COOCHH (m. p. 155°-160°), is obtained (Beckurts a. Otto, xi. 386; comp. 
Bottinger, vii. 1033). 

3. With Zinc. — When an alcoholic solution of pyroracemic acid js treated with 
zinc (and a small quantity of h 3 ’drochloric acid), or with zinc-dust, the following 
reaction takes place, resulting in the formation of dim ethyl- tartaric acid, 
C®H*"0®, which is related to pyroracemic acid in the same way as pinacone to acetone : 

coon coon coon coon 

II II- 

- CH*— CO + CO— CII> + = CH»-C(OH)-C(OH)— CH» 

The zinc-salt of dimcthylpyrotartaric acid separates during the reaction as a w^hite 
precipitate quite insoluble in cold water, while zinc lactate and a salt apparently 
belonging to a modified pyroracemic acid remain in solution (Bottinger, Per. ix. 1064). 
These two reactions afford fartlier confirmation of the formula Cn^.CO.CO'^H for 
pyroracemic acid. 

4. With Hydroct/anic acid. — When pyroracemic acid is left in contact for some 
time with highly concentrated hydrocyanic acid and a few drops of strong hydrochloric 
acid, an additive cyanogen-product is formed, W'hich may be extracted from the liquid 
by ether. The re.‘<iduo loft on evaporating the ether does not crystallise, and its 
aqueous solution forms no precipitate with silver nitrate, but gives off ammonia Avhen 

. boiled W'ith alkalis. On heating it for two days with strong hydrochloric acid, carbon 
dioxide is given off, and ordinary lactic acid is formed. Wlion largo quantities of 
pyroracemic acid, absolute liydrocyanic acid, and hydrochloric acid were heated 
together on the water-bath, a very violent reaction took place, and the product, when 
shaken with ether, yielded ordinary pyrotartaric acid, Cn».Cn(CO‘'Il).CH-.COOH, 
together with mesaconic acid, CO‘‘n.CH~Cn.CH’‘*.CC)*II (Bottinger, 71er. ix. 1621). 

6. With Chromic acid mixture. — Pyroracemic acid, diluted with water and droj)ped 

into a cooled mixture of 10 grams potassium dichroniatc, 10 c.c. strong sulphuric acid, 
and 60 c.c. water, is completely resolved into acetic and carbonic acids, + 0 -- 

CO- (Bottinger, Ber. viii. 7l5). 

6‘. With Burium Hydrate. — Pyroracemic acid, boiled with excess of barium hydrate, 
yields, according to Finck (iv. 770), uvitic acid, and uvitonic acid, C*'n*‘0’ (?), 

together with acetic, oxalic, and carbonic acids; with a quantity of barium hydrate, 
on the other hand, not sufficient to ncutrjiliso it, it yields uvic, pyrotartaric, acetic, 
carbonic acid, and two acids the nature of which has not been ascertained (Bottinger, 
Ber, vi.*787, 893). Further, when neutral barium pyroracemate is heated for several 
days in a reflux apparatus, carbon dioxide escapes, the liquid after a while becomes 
acid; then again neutral, and a precipitate is formed, consisting of barium carbonate 
and oxalate. From the brownish filtrate hydrochloric acid throws down a miaifcure of 
uvic and uvitic acids, which may bo separated by distillation with steam ; and the 
same filtrate yields to ether, pyrotartaric, acetic, and a small quantity of uvic acid, still 
retaining a large amount of pyrotartaric and (probably) uvitonic acid. The products 
of decomposition of pyrotartaric acid in neutral solution consist, tlierefore, of the sum 
of those obtained in acid and in alkaline solution (Bottinger, viii. 957). 

7. With Gaseous ammonia acts very violently on pyroracemic acid, 

eliminating carbon dioxide ; .and on treating the product with milk.of lime, acetic acid 
Ss formed, together with mc^ifiod pyroracemic acid. Aqueous ammonia, heated wit h 
pyroracemic acid, does not vield any product of decomposition. Alcoholic ammonia 
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yields -together ■with acetic acid and carlion dioxide — a precipitate consisting of tlio 
acid ammonium salt of an acid, called by Bottiiigor iivitoninic acid 

X. 362). 

8. With On bringing this base in contact Trith pyroracomic acid, anilo- 

pyro racemic acid, C*H"NO- = OII®.C^qqqj|, separates as a crystalline body 

which melts at 1 22®, and when dissolved in water is converted into an isomeric body 
wliich has not been obtained pui*o. The solution w'lien heated yields pyroracomic 
acid, aniline, and acid bodies which arc further acted on by the aniline, and ultimately 
a crystalline product is obtained, probably having the composition C^®ir‘'"N“0* ; it 
exhibits basic properties, combining with acids, and forming a platinochloride 
(Bbttinger, Bcr. x. 818). 

9. With Anthranilic acidoT\\ : 2] Amidobcnsoic add . — This acid acts violently on 
pyroraeemie acid, forming a yellow powder which continuously gives off carbon dioxide 
at turns blue when exposed to light or suspended in water, and is perhaps 
constituted according to the formula : 

C«H»— NuzC— CH» 

ioOH coon 


(Bottinger, Bcr. x. 1517 ; LiehUfa Annaltm, clxxxviii. 293). 

10. With f/mt. I'yroracemic acid and urea, heated together at 100®, yield 
pyroraeemie carbamifles or ureides (p. 1720). 

11. Silver pyroracemato, decomposed by Jiydrggen sulphide, y\v\ils thiolactic 
acid, C^H'SO- (Ildttinger, Btr. ix. 404). 


Dibromopyroracemlo Acid* C^ll'Br-0®, is formed when the dibromolactic 
acid, C’*K‘Hr'0*, which AVi.sliccnus obtained by the action of bromines on pyroracomic 
acid (vi. 771), is heated in a stream of chlorine. It crystallises in rather large rliOmbic 
plates melting at 93® (Ph. Clermont, Bull. Soc. Chun. [2], xix. 103). 

Tribromopyroracemlc Acid* C^nBr®0®==CBr“.C0.C001I (Grimaux, Bull. 
Soc. Chim. [2], xxi. 300). This acid is formed, together with the dibrominated acid, 
by the action of bromine on pyroraeemie acid. 1 pt. of the acid and 1 pt. water are 
introduced into a flask with vortical condensing tub(5, heated in a wator-bath, and 
4 pts. bromine are slowly added. The contents of the flask solidify on cooling to a 
crystalline mass, and the formation of small crystals may bo promoted by external 
cooling and stirring. The crystals arc freed by the filter-pump from the mother- 
liquor (which also contains the dihrominatecl acid), mixed with a small quantity of 
cold water, and once recrystallised from water at 80®. 

.Pure tribromopyroracemic acid thus obtained forms laminaj resembling naphthiilene, 
having the composition C’HBr^O^ + 2H-0, and melting at 104®. It docs not part 
witli its water of crystallisation either in the air or in a vacuum, or even to tho 
smallest amount when heated for .several day.s at 50®-60'’, but tho whole of it is given 
off at 100®. The dehydrated acid melts at 90®. Tho acid is sparingly soluble in cold, 
easily in hot water, also in alcohol and in ether. It decomposes quickly when boiled in 
aqueou-s solution, a dense liquid pa.ssiug over with tho steam, which boils above 140®, 
and appears to consist of bromoform. At tho same time oxalic, carbonic, and hydro- 
bromic acids are formed, together with a solid Jaxiy which reduces ammoniacal silver 
solution. Ammonia and lead acetate also readily decompose tribromopyroracemic 
acid, with formation of oxalic acid. Tho tribrominated acid precipitates calcium salts 
at ordinary temperatur(!S, and forms with silver nitrate an immediate precipitate of 
silver bromide. It reduces auric chlorido and mercuric chloride ; it is not acted on 
by acetyl chlorido. 

The same tribromopyroracemic acid is formed by the action of bromine on 
orflinary lactic acid, and this reaction, which is perfectly analogous to the formation 
of tetrabromacetone from pseudopropyl alcohol, obsorvefl by Friedel {Compt. rend. lx. 
346), affords a further confirmation of Wichelhaus’s formula for pyroraeemie acid : 

CH».CHOII.CH» CBrlCO.CH® 

Pseudopropyl alcohol. Tetrabromacetone. 


CH*.CHOH.CO*H 

Lactic acid. 


CBr>.CO.CO*H 

Tribromopyroracemic 

acid. 


Compoundi of Pyroracomic Acid with Alkaline Snlphlteo (Clewing, 
J.pr. Chem. [2], xyii. 241). 1. Sodium mlts.—A mixture of pyroraeemie acid with a 

recently prepared solution of normal sodium sulphite yields crystals of the salt 
C®H*0*Na,HS0*Na-hH*0, easily soluble in cold water (100 pts. water dissolve 26*6 
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of the dry salt). The solution is not precipitated by barium chloride, except on 
addition of ammonia. Strong acids liberate sulphurous acid from it. Under some- . 
what different circumstances, the salt 2(0»H*0*Na,llS0*Na) + 3H*0 was obtained in 
prisms several centimeters long ; it is less soluble than the former salt, and does not 
give off its water of crystallisation so readily. . Pyroracemic acid and ou:id sodium 
yield the salt C®H^O*,HSO*Na, which decomposes when boiled with water, 
giving off sulphur dioxide. It is not conv(?rtcd into a disodic salt by addition of the 
corresponding quantity of soda-ley, the mixture being rather disposed to deposit 
normal sodium sulphite. 

2. Potassium salts, — A concentrated solution of normal potassium sulphite mixed 
with excess of pyroracemic acid deposits, after a few days, strongly refracting octo- 
hedrons of the salt C^JI^O^.HSOUi, of which 100 pts. water at 17® dissolve 44*9 pts. 
Its solution when boiled gives off sulphur dioxide, and leaves a thick syrup, which, 
after prolonged sojourn in a vacuum over sulphuric acid, has the composition 
2C“H’0'''K,II.S0^K. The mother-liquor of the former salt, mixed with a large excess 
of normal potassium sulphite, deposited, after about a week, crystals of the salt 
C-^H*0’K,HS0*K 4- H"0 ; 100 pts. water at 17*5° dissolve 32*6 pts. of the dry salt. 
A mixture of acid potassium sulfihite with excess of pyroracemic acid deposits, when 
coiieentratcd, the salt C»IPO^IIS()3K ; when dilute, the salt 0®H»0»K,HS09K. 

3. Calcium salts. — AVhen sulphur dioxide is passed into a mixture of dissolved 
and precipitated calcium pyroracemate — such as is obtained by adding levigated 
calcium carbonate to pyroracemic acirl — till the whole is dissolved, and the solution is 
left to evaporate in a vacuum, the salt 2(C’U*0*.Ca.S0'‘H) + SH'-'O is obtained. This 
salt is very soluble in water and very stable, not being acted upon by sulphuric acid 
of 50 per cent, j on adding acit>of 66 percent., calcium sulphite separates out, but 
the odour of sulphurous acid docs not become perceptible till the liquid is warmed. 
No preoipirate is formed by barium chloride. AVlien sulphur dioxide was passed into a 
clear dilute solution of calcium pyroracemate, nodular groups of granules separated, 
con*Isr.iiig of the salt (C“11^0’)-Ca + 4(C*llH)®.Ca.SO®H) + 24H‘‘'0, and slender needles 
of the salt (SO*JI)*Cii-h4(C®H®0*.Ga.SO*ll) + 15lf."0, whicli could be separated by 
cold water, 100 pts. water at 17® dissolving 4*1 pts. of the former and 143 pts. of 
the latter. 

4. Strontium, OTPO^Sr.S04I + 611-0, separates as a bulky crystalline 
pulp on passing sulphur dioxide into a solution of strontium pyroracemate, and may 
be obtained in small oetohedrons by rccrysUillisation from warm water. It is much 
more soluble in hot than in cold water; the solution is not decomposed by boiling, and 
does not form any precipitate with barium chloride ; concentrated acids, however, 
decompose it, with evolution of sulphur dioxide. 

5. Barium salt. — When sulphur dioxide is passed into a solution of barium pyro- 
racemate no precipitate is formed, but the solution when evaporated leaves a thick 
syrup which, when dissolved in boiling water, yields on cooling crystals of the salt 
C^lPOMla.SO^H. This salt is very permanent; 100 pts. water dissolve 1*7 pts. of it 
at 17® and 7*5 pts. at 1(M)°. Clewing regards the formation of these compounds, and 
especially of tlio salts C’’'1[''0*.11 SO*Nh and G^.ll‘0“.HSO®K, as demonstrative of tlio 
analogy of pyroracemic acid to the ketones and aldeliydes in its behaviour to acid 
sulphites. 

Pyroracemic XStliers. The pyroracemates of lilhyl aud Mctliyl have been 
already described (vii. 1034). « 

Pyroracemic Glyceride^ or Pyruvin^ C®ir"0* — C®H*(OH)“(OC*HW), is 
formed by heating tartaric acid with glycerin to a temperature higher than that which 
is required for the formation of glycorotartaric acids ; if the mixture be heated in a 
retort, the pyruvin collects in fine crystals in tlio neck of the receiver. Pyruvin 
sublimes in shining laminsp, melts at 78°, boils with decomposition at 242°, dissolves 
in alcohol, ether, carbon siilphido, and benzene, and with especial facility in chloro- 
form, but is decomposed by water (Schlagdenhaiiffen, Ann. Chim. Phys. [4], xxvi. 
139). 

PYRORACBMXC CARBAMXXIB8 or UBBXDES (Urimaux, Compt rend. 
Ixzix. 626, 1304, 1478 ; Ixxx. 63 ; Ann. Chim. Phys. [6], xi. 366). Pyroracemic 
acid and urea, heated together at 100°, yield, according to the proportions in which 
they are mixed, the following compounds : 

Pyroracemic Dicarbamide or Pyvuril ..... C*H®N*0* 

Dipyroraccmic 1’ricarbamide 

Tripyroracomic Tetracarbaniido 

Telrapyroracemic Totracarbamido G'*ir®N*'0® 
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NH*.CO.NH.C(CH*).NHv 

Pyvurll, C*H"N^O’ = 1 \CO. To prepare this compound 

CO 

1 pt. pyroraeemic acid is heated for an hour or two with 2 pts. urea., whereupon 
carbon dioxide is evolved, and the mass, which is at iirst liquid, becomes solid ; and 
on exhausting this mass with hot alcohol, urea and ammonium pyrqracemato are dis- 
solved, while pyvuril remains behind, and mify be purified by recrystal lisation from 
about ten times its weight of boiling water, from which it separates in small shining 
rhombic plates. 

Pyvuril may be heated to 145° without loss of weight, but when lieated for several 
days at 155^'-16()°, it is converted, with loss of about 25 per cent., into a brown-yellow 
amorphous substance and tctrapyroraccmic t otracarbamidc. Hy boiling with 
baryta- water, pyvuril is resolved into urea, oxalic acid, and probably uvit ic acid. 
Its solutions, mixed with potassium hydrate, give precipitates Avith the nitrates of 
silver and mercury. Pyvuril is resolved hy dilute hydrochloric acid into urea and 
di pyroraeemic tri carbamide, and, by heating with strong hydrochloric acid, it 
is converted into 

(CU»)C=-Nv 

Pyroracemio Monocarbamide, C^II'N^O* - | \CO. To obtain 

CO NIK 

this compound in the pure state, the liquid is evaporated to dryness on the water- 
bath ; the gummy residue i.s drenched with alcohol and left at rest for twenty-four 
hours; and the mass, which has.noAV become crystalline and has been freed from urea 
by the alcohol, is recry stalli sod oiK'e or twice from boiling water. The monocarbamido 
is thus obtained as a white, very light, and indistinctly crystalline powder. 

Nifropf/roracemiG Carbamide^ C‘Il*(N0-)N'-0“, is formed, togctlior with nitrate of 
urea, on dissolving pyvuril in 4 or 6 pts. of moderately warm nitric acid of ordinary 
strength ; and, on evaporating the solution to a pasty consistence, washing the residue 
with cold water, and crystalli.sing it from 25 pts. of hot Avatcr, the nitrocarbamide is 
obtained in shining pale-yellow scales. It has a sweet taste, may bo heated to 140° 
without loss of weight, and is converted at 160° into an amorphous substance which, 
by treatment with hot water, is reconverted into the original compound. The crystals 
decompose at 200°, and dissolve in alkalis with yellow colour, which disappears on 
addition of acids. The iiitro-compound is quickly decomposed by heating with 
potash-ley; when boiled with lime- or baryta-Avator, it yields soluble yelloAV salts ; 
the diver salt^ C‘H(NO-)N-0'Ag‘-, and the lead mil form bulky jellies. On dissolving 
the nitro-compound in Avater and distilling the solution, after addition of bromine, 
bromopicrin pisses ov’or, and oxalyl-carbamide (parabanic acid) remains : 

C‘H=»(N02)N202 -f 6Br + WO = 3HBr -h CBr»NO=* + C*H*N*0*. 

Dlpyroracemlo Trlcarbamlde, 

NH.C(CH«).NHv .NJI.C(CIP).NH 

= I >CO-CO-COC I 

CO NH^ \Nir.co 

This compound is formed, by heating equal Aveighls of urea and pyroraeemic acid, as 
a clear liquid which gradually thickens and finally solidifies ; and on exhausting the 
solid mass with 200 to 250 times its volume of boiling Avater, a solution is obtained 
which on cooling yields the tricarbamide in the form of a thick gelatinous mass of 
slender needles. It is nearly insoluble in cold water, but dissolves easily in alkalis, 
Ai'ithout, however, entering into combination with them ; acids, including carbonic 
acid, precipitate it from its solutions as a jelly. The alkaline solutions giAm with 
silver nitrate a white precipitate ; the aqueous .solutions form such a precipitate only 
with mercury nitrate. It is dwconiposed by l)oiling Avith alkalis or with barytji-wator, 
yielding, in the latter case, pyvuril, urea, and pyroraeemic acid. Heated with nitric 
acid, it yields urea and the iiitromonocarbamide above described ; with pyroraeemic 
acid at 100°, an amorphous substance. 

By the action of heat on pyvuril, or by treating urea Avith excess of pyroraeemic 
acid, condensed mrltamidcs are formed, richer in carbon and less rich in nitrogen than 
the preceding ; they are amorphous, insoluble in water, easily dissolved by alkalis, 
and reprecipitated l)y acids ; decomposing without previous fusion when heated ; not 
attacked by acids. 

Tripyroraoemlc TetpacarbaIlllde,C'®H^«N"0^- 3C*H'0*-f 4CIPN*0— 6H*0, 
formed simultaneously with dipyronicemic tricarbamide, is a white powder which dis- 
solves in alkalis without previous gelatiuisatiou. 
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Tetrapyroracemlc Tetracarbamlde, 

=* 4C3H'0® + 4Cn^N-0 - 811*0, 

is precipitJitod by acids from its solutions in alkalis as a bulky jelly -which dries up 
to a granular mass ; it is not attacked by boiling potash-ley or by nitric acid. 

. Trlbromanbydropyvuril, C’‘IIlLr'*N‘0* is formed by heating equal parts of 
bromopyroracemic acid and urea at 100^, the mixture first liquefying and then 
solidifying after a few hours! By washing the mass with cold water and recrystal- 
lising it from hot water, the tribromanhydropyvuril is obtained in light needles, which 
melt with decomposition at 180®. It has a sharp taste, provokes snoozing. diH.solves 
in hot water, alcohol, ether, and ether-alcohol. Its solution gives with silver nitrate 
a precipitate containing silver and bromine. I)i bromopyroracemic acid acts upon 
urea in the same manner as the tribrominated acid. 

PYUOSCXifiRZTE (iv. 770). The following analysis, by J. Ebert, of pyro- 
sclerite from the limestone cleft of St. Philipp, near St. Mario aux Mines, Alsace, has 
been published by A. Knop (Jahrb,f. Min. 1870, 70): 

SiO* A1“0> CaO MgO FeO H»0 

38-7 16-1 6 1 26-9 OS 12*8 100-1 


The carbonic acid present is not sufficient to allow of the whole of the lime being 
regarded as admixed limestone. 

A rhombic silicate (possibly pyrosclerite) of greyish and occasionally bronze-yellow 
colour, and sp. gr. 2*558, occurrjng as a confcict product between talc and gymnite on 
the Bare Hills near Baltimore, has been analysed by A. K. Leeds Am. J. [3], 
vi. 24' : 

SiO’ AFO> Fo*0“ FeO MgO Na’O Li*0 H*0 

36-03 9-19 5-48 0-94 3305 041 14*66 = 9976 

35-84 9-85 5*21 1*21 32*93 0*41 14*53 = 99*98 

PYROSMAEZTE. AVohlcr (Liebig's Annalcn^ clvi. 85), from throe analyses 
made by himself, and an older analysis by Hisinger (iv. 771). gives for this mineral 
the following composition *. 

SiO* FeO • MnO Fe’0» Fe*Cl* H*0 

36*42 22-91 22*52 5*10 9*73 3*32 = 100 


and deduces therefrom the formula (Fe*Cl®,Fo'‘0®)+ 10(FoO,SiO* + MnO,SiO*) + 80*0. 

E. Ludwig (Min.MitOi. 1875, 211) gives analyses of pyrosmalite from No^markeu, 
from which ho deduces* the empirical formula : 

Si^Fe-'Mn^H^O^CP = 4FeO,5MnO,8SiO* FeCP,7H?0 : 

SiO* FcO MiiO CaO MgO H“0 Cl Total 0 • Residue 

Analysis . 34*66 27*05 25*60 0*52 0*93 8*31 4*88 = 101*95 1*10 100-85 

Calculation 34*88 26*16 25*80 — — 9*16 5*16 

* To be deducted as equivalent to the chlorine. 


PYROSUZiPHURZe ACZD, S*ll*0* 2SO*,H*0. See Sulphur, Oxtqbn- 

Acms OP. • 

PYROTARTARZG ACZBS, Theory indicates the existence of four 

of these acids, all of which are now knoAvn, viz. : 


CH*CO*H 

1 

CIV 

CH» 

1 

CH* 

1 

j 

CH.COHl 

CH* 

CH*.CO*II 

j 

CH*.CO*H 

1 

CH(CO*H)* 

Hoinosiiccinic 

Iirethy]*succinic 

Ethyl-malonic 

acid. 

acid. 

acid. 


CH» 

i(CO*H)* 

CH* 

Dimethyl- 
maloulc acid. 


1 . XTormal Pyrotartarlc, Komosuccinic, or Glutarlc Aold, CH*(CH*.CO*II)-. 
Thif acid, identical with the deoxyglutanic acid which Dittmar obtiiincd Chem. 

[2], V. 338) by heating glutanic acid, C'^IUO*, with hydriodic acid (vii. 362), is also 
produced : a. By saponification of normal propylene cyanide, CH'‘(CH*.CN)*, prepared 
by the action of potassium cyanide on normal propylene bromide in presence of alcohol 
(Julie LermontofF, Ber. ix. 1441 ; Rcboul, Bull. Soc. Chim. [2], xxv. 386).^ 3. By 
treating ethyl sodaceto-acotatc with ethyl ic /S-iodopropionate, whereby ethylic aceto- 
glutanate is formed, according to the equation : 
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CH* 

I 

OHNa 
CO.OC-Il* 


+ ICH2CH2.C().OC=H= = Nal + 


CH* 

do 


CH.CH“’.CH".COOO*H* 

CO.OC-IP 


aiid deconipusing this ether with alcoholic potash (Wisliccniis a. Limpacb, lAeM^a 
Annalcn, cxcii. 1*28). 

Glutaric acid crystallises very easily from aqueous solution in large transparent 
four-sided prisms, melts at 97° (Dittmar), at 97*6° (Markownikoff), at 96° (corr. 
fieboul) and boils at 291° (corr. 299°, Reboul), at t30*2° (Markownikoff).* When 
glutaric acid (8*6 grams) is heated with bromine (21 g.) and water (10 c.c.) at 146°, 
it yields nothing but IIBr, CO, and CO-; at 118^-120° the bromine disappears more 
slowly, W’ith evolution of CO- and HBr, and the liquid on cooling deposits crystals of 
dibromosuccinic acid. With 7‘2 g. glutaric acid, 18 g. bromine, and 15 c.c. water 
heated at 100° for ninety hours, the products are tetrabrom ethane and dibromo- 
glutaric acid (Bourgoin a. Reboul, Compt. rend, Ixxxiv. 656). 

Calciiwi glutarate^ C^ll''0‘Ca + 4H-0, crystallises in stellate groups of slender 
needles, more soluble in cold than in hot water. The magnesiwn salt is very 
soluble, and partly separates from very concentrated solutions in microscopic four- 
sided plates, the greater part, however, drying up to an amorphous mass ; from dilute 
alcohol it crystallises in small needles. The sine salt, C'^H«O^Zn. is but very slightly 
soluble in cold water (1 pt. in 102 pts. water at 18°), and still less in hot water. The 
solution prepared at ordinary temperatures deposits, when heated, microscopic rect- 
angular plates with re-entering angles on the shorter sides of the rectangle. 

Dicthylic gluluraie, CH‘(CH-.COOO-lP)-, is prepared by passing hydrogen chlowde 
to saturation into a solution of the acid in absolute alcohol, distilling, collecting the 
portion which goes over between 240° and 260°, freeing this distillate from unetherified 
glutaric acid by dige.stion with potassium carbonate, and redistilling. The pure ether 
is a colourless liquid having a disagreeable odour, a density of 1*025 at 21°, and 
boiling without decomposition at 236*5-237° (corr.) (Reboul, Ann, Chim, Phys. [6], 
xiv. 510). 

Normal Pyrotartaric or Glutaric Anhydride^ 



When glutaric acid is slowly <listilled, either alone or in contact with phosphoric 
anhydride, water passes over first, and afterwards, at 282°-286°, a crystalline mass 
which melts at 80°-85°, and consists of a mixture of acid and anhydride. It is 
difficult, however, to obtain the pure anhydride in this way, and a better product is 
obtained by the action of acetyl chloride in ethereal solution on silver glutarate : 


C*H«Ag^O» + 2C'-IPOCl = C»ll«0* -f (cm^oyo -i- 2AgCl. 

Glutaric anhydride crystallises in white slender needles, melts at 56°-67°, and boils, 
with decomposition, at 282°-287°. By prolonged contact with alcohol, it is converted 
into ethyl-hydrogen glutarate (Markownikolf, Per. x. 972, 1102). 

Glutaric ckhridcj, CH-(CH‘-.COCl)*, obtained by the action of 2 mol. PCI® on 
1 mol. of tho acid, is a heavy liquid having an irritating odour, boiling, with per- 
ceptible decomposition, at 216°-218°, and converted by water into hydrochloric and 
glutaric acids (Reboul, Ann. Chim. Phys. [6], xiv. 510). 

Normal Hydroxypyrotartaric Acid, C®H"0®.— There are two modifications 
of this acid, viz. : 


cmcooH 

incoH) 

Cfl*COOH 

Synimotricnl. 


C5(0H).C00H 

CH* 

I 

CH*.COOH 

Unsymmctrical. 


• Markownikoff found that the acid pre-jiared from glutonic acid boiled at 302°, whereas that pre- 
pared from propylene cyniiide boiled at 210°, and he atMbntes tho difference to some diversity in the 
circumstances of the distillation. As, liowcver, tlic hlglier boiling point agrees neariy with that 
determined by Beboul, it may safely l>c rrgnrdcfl os nearer to tho truth than tho lower. According to 
Dittmar, the acid decomposes at temperatures above 280° into water and tho anhydride. 
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The symmetrical modification was discovered in 1862 by Maxwell Simpson, who 
obtained it by heating symmetrical dicldorhydrin, CH^Cl.CHOH.CH^Cl, with potassium 
cyanide in alcoholic solution, and saponifying the resulting dicyanhydrin with alcoholic 
pdtash. It forms bard crystals very soluble in cold water, slightly soluble in alcohol 
and ether (vii. 886). 

The un^ymmetrical modification, called glutanic ac.id, obbiined by the action of 
nitrous acid on glutaniic acid, C^H"NO\ was discovered by Eitthauseii (vi. 637), and 
has been further examined by Markownikoff Amialm^ clxxxii. 347). It may 

bo prejjarod by passing nitrous gas into a solution of glutjimic acid in nitric 
acid, or ntore advantageously by mixing a solution of glutamic acid in hydrochloric 
fudd with an equivalent quantity of potassium nitrite. Jt is difficult to obtain in well- 
defined crysttils. It melts at 72''-73°, and solidifies, on cooling, to a clear amorphous* 
mass. It appears to form with bases U'o classes of neutral salts differing in solubility. 

The zinc salt, obtained by saturating the acid with zinc Ciirbonate, crystallises 
from a syrupy sclution, on st-inding, in transparent four-sided tallies, which when 
dissolved in hot water are transformed into a pulverulent sparingly soluble salt. 
From a hot saturated solution it crystallises in nodules agreeing in composition with 
the formula C-*]l“O^Zn + 3H'^0. The magnesium salt, C^ri“O^Mg + 4H-0, obtained in 
the same maimer as the zinc salt, is sparingly soluble in cold water, and crystallises 
from hot solutions in transparent microscopic rhombic tables. 

Glutanic acid, when heated to 190®, is converted into an anhydride, which dissolves 
in water, reproducing the acid, lly reduction it yields glutaric acid (p. 1721). 

2. Ordinary Psrrotartarlc or Metliyl-succinic Acid, 

This acid, originally obtained by the dry distillation of tartaric acid (iv. 771)f is also 
produced: (1). Ey the action of l)oiling aqueous potash on the ethylic ctliers of o- 
and i3-mothylacetosuccinic acid, which are obtained in the same way as the corre- 
spt)nding etliers of o- and jS-othylacetosuccinic acid, using metliyl instead of ethyl 
i^ido in the cause of the o-ethor, and ethylic a-hromopropionatoinsteaidof theo-bromp- 
butyrate in tbait of the /3-ethcr (sec Ackto-acetic Ethers, pp. 16, 16). The reactions 
by which methyls uccinic acid is fomod from these others are represented by the 
following equations : 

CO.CIi* 

CH’.i.CIC.CO.O.C-IP + 3HOK = 0^ + CH’.CO.OK + aHOC'H^ 

io.o.cnp 

Etliylic «-incthyl-ari!to- Potassium motliyl- Acetate. Ethyl 

succinate. succinate. alcohol. 

CO.CIP ClI^* 

in CH + 3KOK = + CH» CO.OK + 2H0C^11* 

io.o.c’U* co.o.c-’it^ 

Ethylic /a-rnotliyl aceto- 
succinatc. 

(Conrad, JAcbig's Amialen, clxxxvin. 217 ; Kressnor, ibid, cxcii. 135). 

(2). By the action of boiling aqueous potash on the dicyaiiido obtained by heating 
nllyl iodide in a sealed tube w ith 2 mols. potissium cyanide and a little alcohol (Claus, 
Bcr. V. 612 ; viii. 100). 

Electrolysis. — When a concentrated solution of pyrotnrtaric acid is electrolysed, 
hydrogen appears at the negative polo, and oxygen, mixed wdtli CO and CO-*, at the 
positive j>olo. A solution of potassium pyrotartrato wdieii electrolysed deposits on the 
positive polo crystals of the acid salt, which disappear after some time, the solution 
then containing free pyrotartaric acid. Solutions containing excess of alkali give oflF 
considerable quantities of gas, consisting of carbon dioxide, carbon monoxide, and 
oxygen (Eeboul a. Bourgoin, Compt. rend. Ixxxiv. 1231). 

Reaction with Bromine. — When pyrotartaric acid is treated with bromine (1 mol.) 
in a closed vessel at 120®, the chief product obbiined is bromocitrapyrotartaric 
anhydride, together with very small qiuintlties of an apparently monobrominated acid. 
With 2 mols. bromine, the product consists of bromocitraconic anhydride. Bromo- 
Htrapyrotartaric anhydride melts at 104®-105®, has a sp. gr. of 1*035 at 23®, dissolves 
readily in alcohol and ether, sparingly in chloroform, and when heated with water in 
sealed tubes at 130® yields carbon dioxide and allylene. When pyrotartaric acid is 
heated with 4 mols. bromine at 130®-132®, cjirbon dioxide is given off, and a tetra- 
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bromide of acetylene, C*n’Br\ is formed, which has a density of»2-93 at 0®, boils with 
partial decomposition at about 200®, and solidifies at — 17®, whereby it is distinguished 
from the other known acetylene tetrabromides, one of which remains liquid at — ly® 
(p. 36), while the other is solid at ordinal^ temperatures, and molts at 64*6® (Bourgom, 
Ann. Chim. Phys. [6J, xii. 419). 

Bromopyrotartaric acids^ C^IPBrO^ — The crystalline forms of these isomeric 
acids (vi. 49, 980) huTO been determined by Arzruni (ZciUchr. Kry^t. i. 439). Citra- 
hromopyroiartaric add crystallises in the nionoelinic system with the axial ratio 
a :b : c— 0’7&04 1 : ril75; j8 = 84® 6^ Principal forms, OP, ooPoe, ooP, — P, 

+ P, E 00 00 P oo. Angle oo P ; go P oo r= 36° 53'. Cleavage perfect parallel to oo P oo 
and coSco. Plano of optic axes perpendicular to the plane of symmetry. Pahro/uo- 
pyrotariaric acid is also monoclinic. Axial ratio a I b : c — 0-2914 : 1 ; 0-4101 ; 
/8 = 65° 38'. Forms oo P, P oo, oo P oo. 

3 and 4. Ethylmalonlo and Blmetbylmalonlo. acid have already been 
described as Malonic Ethers. 

The following tabular view of the properties of the isomeric pyrotartaric acids is 
given by Markownikoff (Liebiys Annalen, clxxxii. 324) : 



Glutjiric or 
Hoinosuccinic 
acid 

Pyrotartaric 
or Methyl-succinic 
acid 

ft-Isopyrotartni-ic 
or Ethyl-malonic 
acid 

P-Isopyrotortarlc 
or Dimcthyl-mnlonic 
acid 

Acid. 

Large flat plates, 
easily soluble* 
in water; molts 
at 97° ; boils, 
almost without 
decomposition, 
at 302°. 

Four-sided 
prisms ; easily 
soluble in 

water ; mells 
at 112°; boils 
at about 200°, 
being converted 
into the anhy- 
dride. 

Short four-sided 
prisms, easily 
soluble in 

WTitcr ; melts 
at 111-6°; de- 
composes with- 
out subliming, 
at 160°. 

Short four-sided 
prisms, easily 
soluble in water; 
melts, with de- 
composition, at 
170°; sublimes 
at 120°. 

Calcium 

salt. 

Easily soluble in 
cold, less easily 
in hot w’atcr. 
Crystallises 
with difficulty. 

Somew'hat spar- 
ingly soluble 
in cold water. 
Grj’stallises 
with 2H*0, 

Slightly soluble 
ill hot, easily 
in cold water. 
Crystallises in 
prisms with 
IIPO. 

Less soluble in 
hot than in cold 
water. Crystsil- 
lises in nodules. 

Zinc salt. 

Microscopic 
twins, soluble 
in 102 pts. 
water at 18°. 

Easily soluble. 

Microscopic six- 
sided plates. 
Soluble in 456 
pts. water. 

Contains 
2iH*0. 

Like the a-salt. 
I)i.s.solves in 106 
pts. water. Con- 
tains 3IPO. 

Lead salt. 


White precipi- 
tate. 

AVwiite precipi- 
tate, becoming 
granular on 
boiling. 

White precipitate, 
converted on 
boiling into 

shining suiles. 


PTXOTSRBBXC ACZD. Bee Tebebic Acid. 


PYBOTBITAIITABZC or UVZC ACZB, C^IPO-'*. This acid, which Wis- 
licenus a. Stadnicki obtained, together with pyrotartaric acid, by the dry distillation 
of tartaric acid (vi. 981), is also produced : 1 By heating pyroracemic acid with a 
quantity of barium hydrate less than sufficient to neutralise it. 40 to 50 grams of 
pyroracemic acid and 25 to 30 grams of crystallised barium hydrate are boiled together 
for six hours in a flask with vertical condenser and then loft to cool, whereupon the 
liquid acquires a dark-red colour and deposits uvic acrid (7 p. c. of the pyroracemic 
acid) in small interlaced needles, while pyrotartaric acid remains dissolved, together 
with acetic acid and small quantities of other acids not determined (Bottinger, Liebig's 
Annalent clzzii. 239). 2. By the action of dilute sulphuric acid on ethylic diaccto- 
Buccinate. 20 grams of this other are boiled with 160 g. dilute sulphuric acid 
(1 : 10) in a reflux apparatus as long as carbon dioxide continues to bo evolved, after 
which the liquid is distillod in a current of steam. Alcohol then passes over, together 
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with tho water, and an oil which smells like anise, and after repeated distillation 
boils at 208°--209°. This oil is tho ethylic ether of pyrotritartaric acid, and yields 
the acid by saponification. Tho residue of the distillation contains'carbopyrotri- 
tartaric acid, 0"ll“0* = C^H"0* + CO-*, partly in the free state, partly in tho form of 
cthylic ether (G. H. Harrow, Chern, <Soc. J. xxxv. 425). 

The formation of these acids from ethylic diacetosuccinate may bo represented by 
the following equations : 


CH* 

CH*H 




OH» Oil* 

1 1 1 

1 

1 

CO.OC'^H® 

1 1 

• 



io c — 0 

CH 

1 

1 i 

CH.CO 

+ IHSO‘ « 

(CW)HSO‘ + 

n*o + 

1 i I 

CH CH GO 

1 

CO.OC’H" 





CO.OC«H» 

Fithvlic Lliacetosucclnato. 




Ethylic carlKipyro- 






tritartrate. 


CH^* 

1 

CH^ 

II 

CH» 

1 

CH=* 

II 



io 

1 

C 0 

1 1 

1 

CO 

1 

II 



OH— 

1 

1 1 
-OH— GO 

= CH— 

— CH + 

cc» 


coon 


COOH 



Curbopyrotri tartaric 

Pyrotritartaric 



* acid. 

Bottinger represents uvic acid by tho formula : 

CO.OH 

" I 

CH^-CzrCH-CH—CH-CH.OH ; 

I I 

but Harrow points out that this formula will not explain the formation of the acid 
from ethylic diacotosuccin-ite, and, moreover, that Wislicenus a. Stadnicki have shown 
that uvic acid does not contain a second hydroxyl-group. 

Uvic acid is nearly insoluble in cold water, but dissolves to a considerable amount 
in boiling water ; it is soluble also in ether, and crystallises therefrom in prismatic 
needles melting at 135” (Harrow'). According to Bdttingcr, it separates from boiling 
w'ater in crystals having a vitreous lustre, sparingly soluble in sold water, melting at 
133°, and resolidifying at 126°. It volatilises with vapour of water, and sublimes in 
Kinooth rectangular prisms, joined together like steps, and melting at 134°. On 
mixing a very small quantity of it on a watch-glass w'ith 2 drops of fuming hydro- 
chloric acid, then heating slightly, adding about 6 drops of strong sulphuric acid, and 
again gently warming, a fine cherry-red colour is produced (Harrow). 

Uvic acid is monobasic. Its mdiuin »alt, CMUNaO“, is a white crystalline mass, 
easily soluble in water (Harrow). Tho silver CHUAgO®, is thrown down by 
silver nitrate from a solution of the acid neutralised with soda or ammonia, as a 
white precipitate which quickly turns greyish-yellow on exposure to light, but may 
be converted by crysUllisation •into small transparent prisms possessing greater 
stability. Tho harium sail, (C'ltTl’y-Ba + 6H'“0, prepared from the acid by means of 
barium hydrate and carbon dioxide, forms indistinct crystalline geodes. The calcium 
salt, (CHiK)®)‘CM -I- 3H'0. crystalli.se8 in radiate needles. Tho^-iac salt, (CHl’O’)^Zn + 
4H"0, is more readily solulile in cold than in boiling water. It is prepared by nearly 
neutralising a moderately warm solution of the acid wirli zinc oxide, and leaving it 
for some time in the exsiccator ; tho solution then first deposits a small quantity of 
tho free acid, and afterwards the zinc salt in large round geodes. With mercurous 
nitrate, a solution of uvic acid forms a white precipiUte which is not iiltered by boiling 
with water (Bollinger). 

Tho ethylic ether, C^IHO*.C®H*, is obtained, ns above mentioned, by boiling 
ethylic diacetosuccinate with sulphuric acid, also by decomposing tho silver salt 
with ethyl iodide. When purified by repeated distillation, it melts at 208° -209° 
(Harrow). ^ 

Carbopyrotritartarlo Acid, C^H^O®, remains, as above stated, as the residue 
of the distillation in the preparation of pyrotribirtaric acid, partly in the free state, 
partly as ethylic ether, which maybe saponified by prolonged boiling with dilute 
sulphuric acid. Tho acid crystallise.s from boiling water, in whicli it is modemtely 
soluble, in long very slender needles, which melt at230°-231°, especially in presence 
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of a small quantity of sulphuric acicj. It is nearly insoluble in cold -watep. The 
sodium saltf C^H^NaO^ + (?), crystallises from water in long needles. It dis- 

solves easily in water, sparingly in alcohol, and, like the ammonium salt, has a per- 
sistent bitter taste. The silver salt, C^H'AgO^, is obtained as a dense precipitate, 
and crystallises from boiling water in lender needles, turning grey when exposed to 
light. When heated, it yields, car bopyrotritartaric and pyrotritiirtaric acids. The 
ethylic ether, forms noodles melting at 80°-81°. 

Carbopyrotritartaric acid is resolved by heat into pyrotri tartaric acid and carbon 
dioxide. It is neutralised by 1 equivalent of sodium hydroxide, NaOH, and is there- 
fore monobasic ; but, if heated for some time with 2 mols. sodium hydroxide, it yields 
a solution from which silver nitrate throw.s down no longer a brow'n precipitate of 
silver oxide, but a white precipitate of a diargentic salt, having the composition 
C*II*Ag-0*. The acid reprecipitated from this salt by dilute nitrii? acid is unaltered 
carbopyrotritartaric acid. From tins result, an<l the fact that carbopyrotritartaric 
acid splits up on heating into CO- and pyrotritartaric acid, which undoubtedly con- 
tains a carboxyl-group, it may bo inferred that it belongs to the class of ethcric 
anhydrides. 

Carbopyrotritartaric acid is not. altered by boiling w’ith strong aqueous potash, 
even for several hours, but by fusion with potassium hydroxide, it is resolved into 
acetic and succinic acids, according to the equation : 

C8H8K-0* 4- 2HOK = 2C'-H»K02 + C*H'K*0< 

Dipotassium Acctutc. Succinate, 

salt. 

(Harrow, Chem. Soc. J. xxxv. 436). 

pnovsxrzc ACZD, See USNIC Acid. 

PTROVAITABATSS. Sec Vanadium. 

PT&OXAZrTBZXrf The action of bromine on this substance (con- 

tained in crude wood-spirit, and produced by the action of potash on one of the 
constituents of wood-tar oil (iv. 776 *) has been examined by 11. B. Hill {Her, xi. 
466). When dissolved in carbon sulphide and treated with a solution of bromine in 
the same liquid, it is slowly converted into dibromopyroxanthin totra- 
bromide, which crystallises fi*om solution in benzene in small 

white triclinic, needles, and is converted by boiling with absolute alcohol and metallic 
antimony into dibromopyroxantlii n, C**H*®Br”0^ soluble in alcohol and crystal- 
lising therefrom in bright yellow well-defined monocliuic needles ; this latter com- 
pound is not produced by the direct action of bromine on pyroxanthin. Pyroxanthin 
boiled with zinc-dust^ and acetic acid containing a little alcohol is converttid into 
hydropyroxanthin. 

PYROXSlffi or AUGZTEf E'^SiO^ The following analyses of augites have 
been made by C. Dob\te,r (Min. Mitth. 1877,279); 1. Black augite from Ve.suviiis: 
crystals of the form ooP. coPoo.ooPoo.P, from a sanidin bomb. 2. Dark green 
from Vesuvius : crystals of the same form, likowdso from a bomb. 3. Yellow augite 
from Vesuvius : crystals having the form 2P, together with those above mentioned ; 
also from a bomb. 4. Simple crystals and twins of the ordinary form from Lipari. 
5. Simple crystals and twins of the ordinary form from a ba.saltic lava from Cuglieri 
in Sardinia. 6. Augite in prismatic crystabs from (Greenwood furnace. 7. Augite of 
the combination ooP . ooPoo . qoPgo . OP . from the melaphyre of the 

Bufaurcberg, South TyroL 9. Dark green, and 10, Colourless portions of a variously 
coloured diop.side crystal from Ala : 


SiO* 

CaO 

MgO 

FeO 

Fg»0» 

APO» 



Sp.gr. 

1. 46 96 

19*02 

16*04 

4*09 

4*47 

9*75 


100-32 

3-276 

2. 6101 

20*80 

16-68 

3*16 

3*61 

4-84 

= 

99 90 

3-203 

3. 60*41 

22*76 

1292 

6*78 

1*09 

6-07 

ss 

100 02 

3-298 

4. 48*46 

20*30 

14-36 

6*94 

3*57 

6-68 

=a 

100-29 

3-225 

6. 45*66 

21*09 

13-60 

5*05 

6*32 

8-61 


100-32 

3*299 

6. 49*18 

2062 

16-83 

2*56 

6*06 

5*09 

= 

99*32 

3*296 

7. 49*01 

2001 

14*55 

7*74 

3*77 

6-09 

s= 

100*17 

3*299 

8. 44*76 

24*90 

13*65 

2-09 

6*01 

10-10 

ss 

100-61 

3*979 

9. 64*28 

26*04 

17*30 

1*91 

0*98 

0-61 

ss 

100-02 


10. 64*74 

26*03 

17*02 

2*91 

t — 

— 

= 

100-70 



From these analyses, Doelter endeavours to decide between the views of Rammels- 
berg and Tschermak respecting the constitution of aluminiferous augites, the former 

* The empirical formula C*H*0* there piven i.s erroneous ; it should be 0‘I1‘0. 
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regarding them as isomorphons mixtures of RSiO’ with Al*0* and Fe*0*, whereas 
the latter assumes for the admixture of aluminium and sexvalent iron, the formulee 
MgAPSiO* and MgFe-SiO«. Doelter concludes that all his analyses conform to the 
fundamental condition of Tscherraak’s hypothesis, inasmuch as, for all the aluminifer- 
ous augites analysed, Ca < Mg + h’o, the difforchco being considerable in most. cases, 
small only in No. 3. Doolter further shows that, with the exception of Nos. 3, 5, 
and 7i the analytical results may be* represented by the formura x(MgCaSi"0‘‘) + 
y(FeCaSi*0«) + x'(MghVSiOfi) + y(MgAr-.siO«), thus ; 



TktgCsi.Si^O‘ FcCaSFO- 

MgFe’SiO* 

MgAPSiO' 


in 1 --- 10 : 

2 : 

1 

3 


„ 2 = IG : 

2 : 

1 

2 


„ 4 :n- 12 : 

4 ; 

1 

3 


„ 0 19 : 

2 

2 

3 


„ 8-81 : 

6 

1 

1 

Varieties of Pyroxene, — A. R. Leeds (Zdtschr.f. Krust. ii. 642) has analysed 

hypersthone 

(No. 1) and diallage 

(No. 2) from the norites of the Adirondacks 

Mountain, New A'^ork: sp. gr. 3*469: 




SiO» TiO» 

APO* Fo’0» FcO 

MnO 

CaO 

MgO H’-O 

50*33 0-07 

3*36 1*03 19-40 

0*71 

2-77 

21*40 1*14 « 100*21 

46-28 0-59 

7*38 2*21 14-80 

— 

18*78 

8-91 1*115 = 100065 


A brown pyroxene (A), nearly related to bronzite, and a chrome-diopsido 
(B), from the oliviiie-nodiilos of the Liitzelborg, Kaiserstuhl range (p. 1435), have 
hocn analy.sed by A. Knop {JahrJ>.f. Min. 1877, 697). The bronzite contained about 
1-5 per cent, chrome iron ore mechanically mixed, being itself free from chromium 
whereas in tlio chromc-diopsido no such admixtul’e was perceptible : 

SiO» X * Al*0» Cr’O^ FeO MnO CaO 

J}2d0 200 2-29 ~ 607 — 82*23 4*35 = 99*44 

51*89 2-30 4-76 1*09 4-40 0*54 15*47 19*73 = 100*18 

* Ttosiilne left oa dissolving the separated silica in s(Mla«loy ; possibly containing niobic and titanic 
acids, wliich, however, could not bo detected, owing to tbo small quantity of the available material. 

K. Oobbecko {Inaufj. Dissert Wurzburg, 1877, 21 ; Jahrb. f. Min, 1877, 844) 
found in clirumo-diopside from the palseopicrite of the Black rocks, Nassau : 

Si(J» A1»0» Cr“0^ FeO MgO CuO Pp. gr. 

60*443 6*105 1*403 9 696 17'418 14’62a = 98*694 3*202 

Salite from Albrechtsherg in Lower Austria has been analysed by E. v. Ram- 
bergor. It occurs in granular limestone, forming groups of crystals of various length 
up to 12 centimeters. A. analysis. B. calculation from the formula MgCaSi-0“ *. 

SiO* Ar-0» I’cO 0.-10 MgO Sp. gr. 

A. 55-60 0*16 0-56 26*77 18-34 = 101*43 3*167 

B. 55*56 ~ — 25*92 18*62 = 100 

Fassaite, from the Fassa and Floims valleys, has been analysed by 0. Doelter 
(Jahrb, f. Mm. 1877, 047) with especial attention to the separation of the two oxides 
of iron. 

1. Pure crystals from the Toal della Foga. 2. Crystallo-granular variety from 
the same locality. 3. Grass-greont crystals from the northern declivity of the Mai 
Inverno *. 



SiO* 

A1*0» 

Fe’O* 

FeO 

MgO 

CaO 

H»0 


1. 

43*81 

9*97 

7*01 

1*52 

12-51 

25*10 

0*61 = 

100*43 

2. 

44*06 

10*43 

591 

1*67 

13-10 

26-20 

0*15 = 

100-52 

3. 

41*97 

10-63 

7*36 

0*65 

10*29 

26-60 

2*70 « 

100*10 


Those analyses show that ftissaite is more nearly related to the aluminiferous 
augites than to iliopside, but that it is specially characterised by the predominance 
of ferric over ferrous oxide, and of lime over magnesia. 

PTftRHOTZXir, Fc^'S*. Maf/netic Pyrites, Pentlandite . — This mineral occurs, 
together with native iron, in the dolerite of Greenland, in masses varying from small 
grains to blocks of considerable size. It differs in appearance and structure from 
troilite, which is found in largo nodules in i^eteoritcs. Its analysis gave : 

S Fe Ni Co Cu Sp. gr. 

38*38 58*48 1*06 0*56 I SS « 100*04 4*46 

It is lighter than troilite (sp. gr. 4*9) and much more magnetic (J. L. Smith, Ann, 
Chim, Phya. [6], xvii. 452). 
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>CH-CH 

PYUOUNB (commonly called Pyrrol), C«H»N=sNH^ ^ (see Fun- 

FxntAL-DBBiTATiVEs, p. 836). This base is formed in considerable quantity Bhen 
diethylamine is passed through a tube heated to low redness (0. A. Bell) ; in small 
quantity, together with ammonium cyanide, when acetylene containing small quantities 
of ethylene is passed, together with ammonia, through a red-hot tube (BewaXi Proc, 
Roy, 8oc. xxvi. 66). 

AcetyUpyrroline, C*HXC‘‘‘H®0)N, formed by the action of acetic anhydride 
on pyrroline, is a liquid boiling at 133®. It is not attacked by ethyl iodide or by 
alkali -metals, and therefore docs not contain an NII‘‘*-group ; in other words, the 
nitrogen-atom in it is directly associated with only 1 atom of hydrogen, as represented 
by the above formula. Bromine converts it into dibromacetyl-pyrroliue, 
C*H»O.N(CH— CUBr)* (E. Schiff, Ber, x. 1600). 

• Aloobollo or Alkyl Derivatives of Pyrroline, and Alkyl- 
pyrrolamides (C. A. Bell, Ber, x. 1861; xi. 1810). — When the mucates of 
primary amines of the fatty series are heated in a parailin-bath, there are produced ; 

(1). Alkyi-pyrrolines, and (2). Alkylamidcsofthernono-^n^di-carhoxylatcdderivativea 
*f these pyrrolinea, Ethylamine mucate, for example, is decomposed as follows : 

(1) . C«H*®0'»(NmC2H^»)* = C^H*(C2Hs)N + 2CO^ + 4H*0 + NH2(C2H») 

Ethyl-pyrroline. 

(2) . 0®HW0»(NH*.C*H»)2 = C*H®(C-H®)N.CO.NH.C21I» + CO* + 6H*0 

Dicthyl-carbopyrrolamidc. 

and the nascent ethylamine resulting from the first reaction acts farther on the 
ethylamine mucate, producing triethyldicarbopyrrolamide, thus : 

(3). C«H*®0»(NH*.C*H*)2 + = C*H*(C2H®)N(CO.NH.C*H‘‘)* + 6^0. 

Methylamino mucate undergoes a change similar to that represented in the last 
equation, but the amylamine salt is apparently decomposed as m (1) and (2). 

Methyl-, Ethyl-, and Amyl-pyrroline are colourless liquids boiling at 112°- 
113°, 131°, and 1 80°-184° respectively (pyrroline boils at 1 33°). The first two resemble 
pyrroline ; the last has a powerful and characteristic odour. They dissolve in strong 
acids, and exhibit the pyrroline reactions with fir-wood, mercuric chloride, &c. When 
boiled with strong hydrochloric acid they do not, however, deposit any solid substance 
as pyrroline does. Potassium does not act on them ; wliereas with pyrroline, hydrogen 
is evolved, and potassium-pyrroline, C'‘n‘KX, is formed. According to Lubavin 
{Zeitschr.f, Chem. [2), v. 399), ethyl iodide reacts with potassium-pyrroline, forming 
an otbyl-pyrroline boiling at 155°-175°, and having peculiar properties. This, how- 
ever, is not the case, the product of the reaction being the othyl-pyrroline described 
above. 

Dimethyl- , Diethyl-, anli are beautifully crystalline bodies, 

melting at 89°-90°, 43®-41°, and 77° respectively. Heated at 120° with strong 
alcoholic potash, the first two yield fatty amines and methyl- and ethyl-carhopyrrolic 
acids, C<H®(CIP)N.C001i: and C‘IP(a-H=‘)X.OOOU, melting at 136° and 78® re- 
spectively. 

The third amide, however, only gives potassium carbonate, amylamine, and amyl- 
pyrroline, tlie corresponding acid l^eing probably very unstable. Methyl- and ethyl- 
carbopyrrolic acids are also unsbible, a solution of the latter in water behaving like 
supersaturated carbonic acid water, and rapidly giving off carbon dioxide in contact 
with rough surfaces. Dilute acids, boiling water, and sublimation also decompose 
these acids ; their salts are generally very soluble. 

TrUthyl-dicarbopyrrolarnide (from reaction 3) is crysUlline and very stable, and 
melts at 229°-230°. Strong alcoholic potiish at 130° decomposes it into ethylamine 
and ethyl-dicarhopyrrolic acid, C*H*(C*II*)N(COOH)®.* This acid sublimes without 
melting at 260°, partially decomposing into pyrroline and carbon dioxide. It is quite 
insoluble in water. Weak acids do not act on it : strong acids slowly decompose it. 

Boiling with dilute hydrochloric acid slowly dissolves ethyl-pyrrolino, forming an 
insoluble amorphous base, which yields soluble uncrystallisable salts, and possibly has 
the imposition C‘®I1*W0*, being formed, by the reaction : 

3C®H®N + 2H*0 = C*®H*WO* + NH*.C*H®. 

Bromine-water produces with ethyl-pyrrolino a suhatUution-psQAxLC.t, C®Br®N.C*H*, 
melting at 90°. With diethyl-cfirbopyrrolamide it forms a substitution-product, 
C'Br*N(C‘‘*lI®)CO.NH.C'‘‘IP, and a soluble crystallisablo oxidation-product having acid 
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characters and, probably, the constitution C^Br“0(0H).C0.NH.0*H*. The dimethyl- 
amide yields similar bodies. In no case was an addition-product obtained analogous 
to Schiff’s dibromacetylpyrroline (p. 1728). 

The mucatos of secondary and tertiary amines do not yield derivatives of pyrroline 
by distillation, but give off nearly the whole of their bases in the free state, leaving 
tarry residues. This fact, and the indifference of the alkyl-pyrrol ine bases to potas- 
sium and acid chlorides, confirm Bacyorlj pyrroline formula above given. During the 
distillation of ammonium mucate, pyrroline is probably formed by the action of ammonia 
on two of the hydroxyl-groups of the inucic acid, water and the irnide-residue (NH) 
being produced, while one of the carboxyl-groups may remain attached to the pyrroline- 
nuclous, and so give rise to earbopyrrol amine. When the niucates of the fatty amines 
are decomposed, one or both of the carboxyl-groups may remain attached aj3 shown 
above. 

Pyrroline and some of its homologucs from bone-tar have quite recently been 
examined by Weidel a. Ciamician {Bcr. xiii. 65-85). The tar several times dis- 
tilled, then treated with acids to remove amine-bases, and the remaining oil was 
separated by repeated fractional distillation into three portions, boiling between 98° 
and 150° ; 150^-2120°; and 220° to above 360°. Pyrroline was obtained from the 
first fraction, together with toluene, ethyl-benzene, and several acids and nitrils of the 
fatty sj-ries ; while the second fraction yielded homologues of pyrroline represented by 
the empirical formulae C‘^H"N and C®H®N. (For the methods of separating all these 
bodies, see Tau.) 

Pyrroline thus prepared is a perfectly colourless, highly dispersive liquid, which, 
when quite pure, remains colourless for several days ; it has a sp. gr. of 0-9752 at 
12*5°, and boils under a pressure of *7465 mm. at 126-2°. This last is the only 
property in which it differs from the pyrroline obtiiinod by Andc;rson, who found it to 
boil at 133° (iv. 783) ; in spile of this difference, however, Weidel a. Ciamician regard 
their pyrroline as identical with that obtiiinod by Anderson. 

I'no second of the above-mentioned fractions (b. p. 150°- 220°) was found to con- 
tain two substitution-derivatives of pyrroline, represented empirically by the formulae 
C^IPN and C®H”N. The first of those, called homopyriM)liiio, is a colourless oil 
which smells like chloroform, and boils at 145 5° under a pressure of 742*8 inrn. 
When exposed to air and light, it changes more quickly than pyrroline, but is less 
readily acted on by acitls, being merely converted into a viscid resinous mass, w’hcreas 
pyrroline is strongly attacked by acids, and converted into a solid brittle resin. It 
unites with mercuric chloride, forming a white curdy -looking compound. 

Homopyrroline lias the same empirical composition as Hell’s mothyl-pyrrolino 
(p. 1728), but differs from it considerably in boiling point, methyl-pyrroline boiling 
at ir2°-ll3°. Moreover, the mode of formation of the latter shows that the intlhyl- 
group in it takes the place of the hydrogen in the Nil-group, whereas in homopyrroline 
the CID-group is not united directly to the nitrogen, but takes the place of one of die 
hydrogen-atoms in the C‘II*-group, inasmuch as it is converted into an acetyl- 
derivative, C^H®(CII^)N— by prolonged contact with acetic anhydride in 
presence of sodium acetate. 

The oil boiling at 165° has the composition C®H®N, and may he provisionally 
formulated as dim cthyl-pyrroline, C*I1®(CH*)“N. It has an •unpleasant biting 
odour, without the sweetish after-sccnt of homopyrroline. It unites with mercuric 
chloride, forming a white insoluble comfiouud. It is very slowly attacked by acids, 
forming soft red masses not obtainablh in definite form. It forms an acctyl-derivative, 
and therefore has both the methyl-groups included in the C'H^ nucleus, the formula 
of that derivative being CHII*(CH*)‘N(C‘H*0). Acetyl-diniethylpyrroline is a thickish, 
and at first colourless liquid, which is not quite insoluble in water, and does not 
soliilify at —20°. It has a mild odour like that of bitter almond oil, becomes dark- 
coloured on standing, and after a certain time solidifies. By boiling with potash it is 
resolved into its constituents. 

A small fnictiou was obtained boiling above 166°, and probably containing still 
higher homologues of pyrroline. 

Anderson described under the name ‘ Pyrrol-red ’ a substance having tlie composi- 
tion C**H*^N*0, and formed according to the equation 30 'IPN -h H'-’O = C‘'4l“N‘0 + NIP. 
Wiodcl a. Ciamician have tested this equation, and found it correct so tar as regards 
tlie quantity of ammonia evolved ; but they have not been able to obtain the pyrrol- 
rod of constant composition, as it continuaHy absorbs oxygon during washing and 
drying, changing colour at the same time. 

The following table shows the distinguishing characteristics of pyrroline, and of 
homopyrroline, methyl-pyrroline, ethyl-pyrroline, and dimethylpyrroline, 

VoL, Vlll, 5 T 
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Charaoters of Pgrroline and its Homologues. 



Pyrroline, 

Homo- 

pyiroline, 

Afothyl- 

pyrroline, 

Dlmethyl- 

pyrroline, 

Ethyl- 

pyrroline, 


C*H‘N 

C^H’tClDNH 



C*H*N(C*H') 

Boiling point 

126-2'. 

H6S“. 

112°-113°. 

166®. 

131° 

Action of: 

Converted, 

Very slowly 

Unaltered. 

Converted, 

Remains 

llCl. 

with great 

converted 


after pro- 

unaltered. 

HgCR 

rise of tem- 
ponituro, 
into a brit- 
tle rosin. 

White pr 

into a soft 
resin. 

eeipitate. 


longed boil- 
ing, into a 
soft resin- 
ous mass. 

White pre- 


KOH. 



Unaltered. 

1 Resolved into 

cipitate. 

Unaltered. 


1 

o 

p 

Forms an 

Forms an 

pyrroline 
and methyl 
. alcohol. 

No action. 

Forms an 

No action. 

acetyl-deri- 
v It ive molt- 
ing at 90° 
(K. Schiff). 

1 

acetyl- deri- 
vative soli- 
difying be- 
low 0° and 
melting at 
4°-6°.' j 

i 

acotyl-dcri- 
vative re- 
maining 
liquid at 
-20°. 



Q. 

QUASTZ. Occurrence and Formation , — Quartz has been found, together witli 
iron-glance, in the clefts of a trachytic lava from Lipari, in small crystals exhibiting 
all the marks of volcanic sublimation (G-. vom Rath, Pogg, Ann, cxlvii. 279). 

Th. Hiibener {Pogg, Ann, cl. 643), on treating lignite from GdliU with potassium 
chlorate and nitric acid, and then with ammonia and alcohol, found in the residue a 
number of small quartz-crystals (about 3 grams from 1 kilo, of tlio lignite). Ho 
attributes their formation to the action of humic acid produced in tlie lignite on a 
solution of silicates which had penetrated into it. Direct experiments made witli 
the view of obtaining quartz by prolonged digestion of humic acid with silicates, 
yielded, however, merely negative results. 

Quartz may be formed from amorphous silica and from tridymito by the agency 
of sodium tungstate. For this purpose, silica and fused sodium tungstate are altei'- 
nately heated and cooloil between the temperatures 800° and 960°. The silica, when 
heated, combines with tlie soda, but on cc»oling it is precipitated by the tungstic acid, 
at first as tridymite, but below 850° as quartz. The Minorphous silic.i, disappears 
after several hours of alternate heating and cooling, being replaced by thin plates of 
tridymite, amongst which are very small crystals of quartz. Tlie number and size of 
the latter increase considerably if the action of the fused salt be long continued. 
The crystals have the density and polyhedric forms characteristic of quartz, different 
forms being obtained according to the method of preparation adopted (Hautefouillo, 
Comiit. rend, Ixxxvi. 1133, 1194). 

Quartz ae Pmidomorph after Crocidolilc . — The brown fibrous quartz from the 
Orarige River, analysed by Klaproth a mixture of pure white fibrous quartz with 
gdthite (Fc‘0'.H'‘*0), which may be dissolved out by hydnxshloric acid. Blue fibrous 
({uartz is essentially a mixture of white fibrous quartz w'ith crocidolite. Both varieties 
are psoudomorphs after crocidolite, the brown being the* product of a slow and com- 
plete transformation, the blue of an incomplete and rapid transformation. The 
amount of alteration in each case is shown by the follow ing analyses : 
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Ti'anaformntion of Crocidolitc into Quarts. 





.Asbcstos-llko, 
crocidolite from tlie 

Brown fit)roi]s quart?!. 

Blue fibrous (pifirtz. 




Capo. 

Stromeyor 

F. Wibel 

F. Wibol 

SiO» . 



50-81 

57-46 

97-27 

FeO . 



33-88 

Fe*0» 37-56 

FeO 1-67 

MnO . 



0-17 

— 

— 

MgO . 



2-32 ! 

— 


CaO . 



0-02 

— 

0-15 

Na*0 . 



7*03 



0-16 

H*0 . 



5-58 

5-15 

0-76 




99-81 

100-17 

100-00 


In the formation of the brown fibrous quartz, the decomposition of the crocidolite 
mass appears to have been accompanied by an almost simultaneous washing out of the 
soda, magnesia, &c., and by an oxidutioii and hydration of the ferrous oxide. The 
33'88 p. c. FeO of the original crocidolite is exactly equivalent to the 37’56 p. c.Fe*0* 
of the brown fibrous quartz. This .shows that no iron has been carried away by the 
decomposing liquid, the whole of it having been oxidised in situ, and deposited as 
gbthito, Fe‘0’.II*0 ; and consequently that the circulation of the decomposing liquid 
and of the products of decomposition must, have hern vei*y slow. This slow decompo- 
sition, indeed, has enabled the delicatefibre.s of crocidolite, while undergoing so complete 
a change of composition, to retain their form instead of btsing converted into a dense 
structureless mass of quartz. On the other hand, in the more rapid action which has 
produced the blue fibrous quartz, nearly all the ferrous oxide has been carried away, 
together with the other monoxides, leaving quartz togi^thor with about 2’5 per cent, 
of unaltered crocidolite. 

These conclusions are confirmed by the microscopic examination of thin sections 
of the two varieties. The brown variety exhibits, both in longitudinal and in trans- 
verse sections, a complete and tolerably uniform impregnation with ferne hydrate, 
each individual fibn^ appearing more op loss brown. In tlu* blue mineral, on the 
other hand, a longitudinal section exhibits a white homogeneous matrix traversed by 
blue or sometimes browni.sli fibres, with sharp wlgcs, running p.irallel to one another 
at various tli stances, and of various diameters ; and in ace«>i*t lance with this, the 
transverse section appears as a snow-white .sub.st}ince dotted M'iili dark points. Under 
the polarising microscope, the white mass exhibits double refraction, with a brilliant 
play of colours. 

Tlio quartzes which accompany crocidolite in a few other localities (Golling in 
Salzburg, Kudka in Moravia, &;c,) must also be. regardctl, not us primary quartzes 
coloured by crocidolite, but likewise as secondary products resulting from an incom- 
plete but very rapid decomposition of that mineral. The same i.s true with regard to 
the blue iron ore of Klapi’oth. Quartz, indeed, in spite of its prismatic habit, appears 
to be incapable of oriyintdly inssiiining tlie fibrous form of aggregation. 

On the crystalline forms of Quartz, from various localities, see Jahrh. f. Miu. 1874, 
81. 113, 100; 1875, 415; 1876, 264 ; /'. Ch^m. 1874, 1J43 1875, 1205 ; 

1876, 1226. 

On Quartz-diorito from Yosemite, see. A. Schmidt {Jahrh. f. Min. 1878, 716; 
(Jhem, Soc. J. 1879, 512). Quartz-hornblende andesite from Wdllan in Styria; 
11. V. Jlrascho {Jahrh. f. Min. 1873, 708; Jahresh.f. Chem. 1873, 1219). 

QVASSZA. Goldschmidt a. Weidel {Wiev. Akad. Jin\ Ixxiv. 389), by exhaust- 
ing the bark and wood of Quassia amara with water, obtained a yellow resinous body 
from W’hich they did not succeed in separating the crystalline (pras.'Ju described by 
Winckler and aftorw'jinls by Wiggers (v. 2). The resin d.Mrktms in colour on exposure 
to the air, and splits up into acetic and protocatechuie acids when fused with potash. 

QVBBAACllO. The wood of the Quebracho Colorado, an Anacardiaceous tree 
growing in the northern part of the Argentine Kepublie, has a sp. gr. of 1*11 to 1-13. 
It is very hard, and of a light or dark brownish-red colour, and contains, according to 
dean {Bull. Soc. Chim. xxviii. 6), 16’7 per cent, of a tannic acid not identical with 
that of oak-bark or chestnut wood, and 2’8 per cent, of another astringent acid, 
which behaves with reagents like gallic acid, and is not fixed by animal skins. 
Arnuudon has found in it a colouring matter which gives a fine yellow dye. The 
watery decoction of the wood is slightly acid. Quebracho is as suitable as sumach 

' 6t2 
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for the preparation of morocco leather, especially in the production of dark colours 
{Dingl. pol. J. ccxxxi. 451). 

On the gum of Qttebracho Colorado^ see Gum (p. 916). 

QVSRCETAGBTZXr, A yellow colouring matter extracted from 

the flowers of the common marigold {Tagetes patuJa). Its reactions in alcoholic 
solution are the same as those of quercetin, but it differs from the latter in cryshilline 
form and solubility in alcohol. The crystals contain 4 mols. water, which they give 
off at 100®. If quercitin be regarded as C‘"II“0*2 (iw^ra), quorcitagetin will be 
quercitin +^0 (Latour a. Magnior de la Source, Bull. Soc. Chim. [2], xxviii. 337). 

QITERCETZir. See Quurcitbin. 

QVBRCZTOXi, Quercite . — This saccharine substance, obtained from 

acorns, was discovered in 1849 by Branconnot, who found that it does not ferment in 
contiict with yeast. Dessaigues, in 1851, determined its composition, and showed 
that it is isomeric with mannitan and diilcitan, that is to say, that it contains the 
elements of mannitol, minus 11^. Berthulot in 1855 showed that it is a 

polyatomic alcohol, and described several of its compound ethers. The results of all 
these investigations have already been described (v. 6). 

A more complete examination of quercitol has lately been mjule by Prunier (Ann. 
Chim. Pkys. 1878, [5], xv. 5-91), who has especially investigated the derivatives 
obtained from it by the action of the haloid acids and of acetic and butyric acid. 

Prunier prepares quercitol by mixing the cold concentrated infusion of acorns with 
basic lejid acetate, which throws down most of the impurities and colouring matter. 
The liquid is then fermented w'ith yeast, freed from lead by means of sulphuric or 
carbonic acid and hydrogen sulphide, and evaporated. The white crystals thus 
obtained are finally purified by recrystallisation from dilute hydrochloric acid. 

Quercitol crystallises in monoclinic prisms exhibiting, according to S6narmont 
(Jahre.'<b. f. Cheni. 1857, 505), the combination ooP.ooPoo.OP. +P.P 00 , having 
the axial ratio a:b: c = 0*8001 .* 1 : 0*7662, and the angle flc = C8® bf. ’ Angle 
00 P ; 00 P in the clinodiagonal principal section = 106® 30'; Poo : Poo in the same 
= 108® 52'; OP: + Poo = 126® 17 '; OP : 00 P« 106® 44'. 

Quercitol is optically dextrogyrate; [o]d« 24*17® ; has a density of 1*6846 at 13®; 
dissolves in about 11 pts. of water at 12®, and in about 9 pts. at 20® ; is insoluble in 
alcohol, ether, benzene, and chloroform ; molts at 225®. When heated at 100® for 
some days, quercitol gradually loses water and approximates to the composition 
4C*H*=0*--H'‘*0. When heated to 240® in a vacuum it yields about three-fourths of 
its weight of an anhydride, C*“n“0® = 2C®H**0*--Il-0 = (C®H‘®0^)(C®H''‘*0®). This 
anhydride (which may be regarded as a compound of quercitol and quercitaii) molts 
at 228°-230®, dissolves much less freely than quercitol in water, and is nearly insolu- 
ble in alcohol and ether. Between 250® and 276® quercitol loses more water, and 
yields a sublimate of white, highly refracting, tabuhir crystals melting at 101®-102®, 
the nature of which has not yet been determined. At 280®-290° a totally difiTeront 
reaction takes place : the fused mass swells up enormously, giving off hydrogen, and 
the retort becomes filled with yellowish-green vapours of quinhydrone and q’uinol 
(hydroquinone), the latter of which condenses in long yellowish needles melting at 
160®. This reaction may perhaps be explained as follows : a molecule of quejSitol 
losing 3 mols. of water is first converted into quinol, = C®H®0* ; and the 

quinol by loss of II- gives rise to quiuone, which combines with more quinol* to form 
quinhydrone, C®HK)®,C®H*0®. 

Quercitol, when fused with potash, evolves hydrogen and yields quinol and quin- 
hydrone, together with pyrogallol (or an isomeric substance), and oxalic and malonic 
acids. 

Acetoquercitols. — Monoacetoquercitol, C®n"(C‘'n»0)0», formed on heating 
quercitol at 100° with glacial acetic acid in sealed tubes, is a white solid substance, 
difficult to crystallise. IViacetoquerdtol, C®I1®(C2H®0)»0®, is readily formed on heat- 
ing quercitol at 130®-140® with excess of glacial acetic acid containing 1 or 2 per 
cent, of acetic anhydride. It is a colourless amorphous solid, of bitter taste and faint 
aromatic odour, insoluble in water, soluble in alcohol and ether. Pentacetoquercitoly 
C*H^(C2H»0>'0*, is obtained by heating quercitol at 160° for many hours with excess 
of acetic anhydride. It is a colourless amorphous solid body, of very bitter taste, 
soluble in alcohol and ether, anrl very sparingly in water. The acotoquorcites are 
more volatile than quercitol. When submitted to dry distillation they appear to 
yield moncuietoquercitan. 

Butyroquercitols.--M(mohutyroqvusrcit6l, C®H>'(C<H»0)0» formed on heating 
quercitol at 100®-! 16° with butyric acid, is a semi-solid colourless body, of bitter 
taste, soluble in ether and less freely in alcohol and water. Tributyroquerdtol, 
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C*H®(0*H^O)*O*, is formed on heating quercitol at 160°“160® for many hours with 
excess of butyric acid. It is a syrupy uncrystal Usable body, soluble in alcohol and 
ether. Pentahutyroquercilol, produced on heating the preceding 

compounds at 180® with a large excess of butyric acid. It forms a syrupy liquid of 
bitter taste, soluble in alcohol and ether, but scarcely so in water. « 

Quercitol treated with dilute hydrochloric acid, even 
at 100°, is simply dissolved in large quantity ; but the concentrated acid attacks it in 
such a manner as to substitute HGl for the elements of water, whilst the strongest 
acid (saturated at 0®) exi-rts at the same time a dehydrating action, resulting in the 
formation of quercilan and its chlorhydro-derivativos. 

QuercitoUmonochlorhydnUy C®H"C10*, is formed on heating quercitol in the 
water-bath with excess of hydrochloric acid saturated at 10®. It is a white crystal- 
line substance, soluble in ether and in alcohol, and melting at 198°-200®. The mother- 
liquor contains qnercilaii-nixmochlorkydrint 0*H®010*, a viscid uncrystallisable body 
soluble in absolute alcohol. Quercitol-trichlorhydrinf C®H®CI®0®, formed on heating 
quercitol at 120®-140® with excess of hydrochloric acid, crystallises in long flattened 
needles melting at 155®. Qi(£fi'citol-jpentacJdorkydrin, C'll'Cl*, obtained by heating 
the last compound afresh with hydrochloric acid, crystallises in slender yellow needles, 
fusible at about 102°. The mother-liquor contains qiiercitan-chlorhydrin, which is, 
indeed, the chief product, corresponding in quantity with two-thirds of the quercitol 
employed : 

C®H»20® + HCl - 2mO = C»H»0»CI. 

Quercitant C®II‘“0‘, is olitainod by siiponifying with baryU the chlorhydrin 
just mentioned, neutralising exactly with sulphuric acid, and evaporating. It is 
a colourless uncrystallisable and slightly deliquescent substance, soluble in water 
and in alcohol, insoluble in ether. When dissolved in 85 per cent, spirit it gradually 
take** up water, becoming converted into quercitol. 

Action of Hydrohromic Acid on Quercitol. — Hydrobromic acid (sp. gr. 1‘7) appears 
to act on quercitol at 100® in the same manner as hydrochloric acid, producing a white 
crystalline substance soluble in water, and having tlie composition of quercUol-mono- 
hi'omhydriti. But at higher temperatures the action is entirely different, the products 
being aromatic bodies, including bonmie, phenol, quinol, quinhydrone, quinono, and 
brominatod derivatives of these last, which are still lunler examination. 

Action of Hydriodic Acid on Quercitol, — Quercitol when distilled with hydriodic 
acid saturated at 0°, yields benzene (in quantity corresponding with half the quercitol 
employed), phenol, iodophenol, (piinono, quinol, hydroxyquinoncs, and volatile iodised 
products transformable into C“1I’*. Tho cold acid vUssolvcs quorcite freely, with 
slight rise of temperature, but no hydriodide has been isolateil. 

In accordance, with tho foregoing results, quercitol may bo regarded as belonging 
either to the fatty or to tlio aromatic scries of compounds. On the one hand, its 
behaviour with acids shows that it is a polyatomic alcohol capable of yielding a series 
of ethers of the general formula CTr'(Il*0)® + »A — «IPO, in which A represents 
a monobasic acid and w = l. 3, or 5. Its decomposition by heat and by the action 
of potash, or of liydrobVomic or hydriodic acid, indicates, on the other hand, its 
derivation from benzene: C*Il® — 2H* -H 2H'"0 = C®II®0^ (quinol); and 
C®II®0^ + 3IP0-C®H'*0-’ (quercitol).^ It is tho type of a group of bodies forming a 
connecting link botM-een the two scries. 

QUSRClTRXir and QUlSRCfiTlXST (J. Lowe, ZeiUchr. anal Chem. 233, 247). 
Quercitrin is usually regarded as a glucoside, since, according to the statements of 
various chemists (v. 4, 6), it is resolved, on boiling with dilute acids, into sugar and 
quercetin. Lciwo, however, finds that quercitrin is not a glucoside, inasmuch as it 
differs from quercetin only by a certain number of molecules of water, and may be, 
for tho most part, converted into the latter substance by simply heating its aqueous 
solution, in which change no sugar is produced. 

To prepare quercitrin, Lowe exhausts with alcohol thoquorcitr<Jii-barkof commerce, 
evaporates the filtered extract, dissolves the residue in water, and shakes the solution 
repeatedly with ether. The residue loft on evaporating the ethereal liquid is taken 
up with alcohol, and mixed with a large quantity of hot water, to separate the quer- 
citrin. The product, after recrystaUi.sation from boiling water and prolonged drying 
over sulphuric acid, forms light yellow shining scales, and gives on analysis numbers 
agreeing with the formula CJ®H'®0®. Tho crystals lose water at 120®, melt at 130°- 
133® without further loss, and solidify to a brownish-yellow mass on cooling. The 
fused substance gives on analysis numbers agreeing with tho formula Tho 

above formula of quercitrin was confirmed by analyses of two lead-salts, which were 
found to have the formul® 0»»H»O^2PbO and C‘®H*<0®.PbO. 
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Quercciiiu — Quercitrin suspended in water and heated at 110° for some days in 
sealed tubes, is resolved for the most part into a body having the properties of 
quercetin and giving on analysis numbers agreeing with the formula Quer- 

cetin may tlierefore be regarded as an anhydride, of quercitrin. This result accords 
with the fact previously known, that quercitrin yields quercetin by dry distillation. 

Lowe also finds that when an aqueous solution of catechu is shaken up with ether, 
the ether takes up quercetin, which may thus bo shown to exist in all kinds of 
catechu, though in many varieties the proportion is so small that it can be detected 
only when several pounds of material are operated on. The existence of this substance, 
which in itself is almost insoluble in cold water, in a cold extract, is due, according 
to Lowe, to the presence of catochutannic acid. From sumach, especially the Sicilian 
variety, Lowe obtained yellow needles or flocks, moderately soluble in hot water, and 
exhibiting all the reactions of quercitrin. 

QUIN-CE-MUCniLGi:. See PLAXT'Mi'ciLAnK (p. 1638). 

QVXXKTDROSrE. See Quixonk (p. 1741). 

QVXXIC ACZDf Cni‘-0® = C‘*H‘(0II)^(X)0II. Ethyl quinate, treated with 
acetic anhydride, is converted into etliylic totrcieetylquiiiatc, C®1IX0C-II®0)*.C00C*H*, 
showing that quinic acid contains four hydroxyl-groups. Kthylic tetracotylquinato is 
almost insoluble in cold, and only sparingly S(duble in boiling water, but dissolves 
easily in hot alcohol and ether. It crystallises from boiling water in plates (m. p. 
135°), and can be sublimed without decompo.silion. 13y slow evaporation of the 
ethereal solution, it can be obtained in largo colourless rhombic crystals. 

Quinic acid, heated with liydrobromie acid in seg,lod tubes at 130°, yields benzoic 
and protocatechuic acids, thus : « 

2[C«H’(OH)*.COOH] - C«ID.C001I + C»n*(OII)2.COOU -i- 6H='0. 

together with small quantities of parabromophcnol and quinol. These facts^show 
that quinic acid is nearly related to hexhydrobenzeno and quercite, thus : — 

C«H’(OH)» C«H»(OH)^COOH 

Hexhydrobenzene. Quercite. Quinic acid. 

(Fittig a. Hillebrand, Liebigs AmaJen, cxciii. 194). 

According to 0. Loew (•/. pr. CJicm, [2], xix. 309), quinic acid is a constituent of 
hay, and the hippuric acid which is present in the urine of herbivorous animals is 
perhaps one of its products of decomi»osition. 

QUZXrZHrE, Quzzrzzmrs, and AUZBD BASES. See Cincuona-basbs 
( pp. 489-495). 

Oxidatvm-prodnets of Quinine . — When a solution of quinine sulphate, which has 
been acidified with sulphuric acid, is oxidised in the cold by potassium permanganate, 
it splits up into formic acid and qnilenme or chiteninej -h 4ir‘0, according 

to the equation C*®1P*N‘0- + 20- = + CH*0-. Quiteninc, which is 

identical with Kerners oHUhydroxyl-quimne (Zeitschr.f. Ckern. 1869, 593), is sepa- 
rated from the precipitated manganese dioxide by repeated lixiviation w’ith boiling 
alcohol. It crystallises in colourless prisms, which are insoluble in ether and in 
abisolute alcoliol, but di.s.solvc freely in acids, and in water to which a few drop.s of 
ammonia or pota-sh have been added. Quiteiiinuj’s a weak l>aso, and forms the follow- 
ing compounds : 

(Ci9ip2N«0i)2(H2S0<)* + 15H2O, C'WN=0*Ag, and 
SIPO. 

Qnininic acid^ C'lPXO^ is obtained by oxidising quinine with chromic acid, 
neutralising the product with baryta- water, and decomposing the barium salt with 
hydrochloric acid. On evajiorating the solution, quininic acid separates in prisms. 
The mother-liquor is treated with lead carbonate, and the lead salt decomposed by 
sulphuretted hydrogen. A non-crystalline syrupy liquid is thus obtained, which 
resembles the crystalline acid in its chemical properties (Skraup, Bn. xii. 1104). 

Periodides of Quinine and Allied Bases. The »ulphato-j>criod.ide8 of these 
bases have already been described (pp. 479, 486, 489-491, 493). Tht; following acid 
periodides have also been described by #6rgensen (-7. pr. (Jhem, [2]. xv. 66, 418). 

Belenato -per iodide 8 . — These salts are formed by treating file selonates of 
alkaloids with a mixfnre of alcoholic iodine-solution and hydriodic a<'id. Sclcnie 
•.40*'®! I" ‘N‘'0^.3H‘*SoO*, obtained by mixing the calculated quantities of 
its constituents in hot alcoholic solution, is isomorfihous with .ordinary herapathite and 
clo"cly resembles it, but is less soluble ; it does not dissolve in carbon sulphide, ether, 
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OP chloroform. The alcoholic solution when shaken up with mercury yields not a 
trace of mercurous iodide, but a colourless iodine double salt, strongly resembling the 
corresponding sulphur-compound. Treated in alcoholic solution with tincture of 
iodine, it yields bronze-yellow needles, probably analogous to the third quinine 
sulphato-periodide (p. 490), and on dissolving these crystals in hot alcohol, an olive- 
grey compound separates, resembling the second sulphato-periodide of quinine. « 

SdenatcHperiodidea of Qidnidine.—^{\). 2C®>H®*N*0*.H*Se0\2HI.I\ prepared "mth 
deficient iodine, but with calculated quantities of the other constituents, crystallises 
in red-brown orthorhombic prisms, resembling the corresponding sulphur-compound. 
Optical action * || comparatively light; -f- comparatively dark brown. When shaken 
in alcoholic solution with mercury, it yields an iodine double salt which does not melt 
when heated with an insufficient quantity of iodine, like that formed from the 
sulphate. 

(2). 4C‘’®}P^N*0®,4lI'Se0 *,3111,1'®, is prepared like the second sulphato-periodide 
of quinine (p. 490), which it very much rcsc.mbles, excepting that it is somewhat 
darker. Polarisation strong ; 1 1 opsique ; + olive-yellow. Sliaken with mercury, it 
forms an iodine double salt, which melts when heated, and resolidifies amorphous. 
The formula of this solenato-periodide is probably ; f 


MH, UI, 


12 PinJVI 
P. PIIIM* 


Qu^SeO* 


a view which is supported by the fact that its alcoholic solution, when agitated, yields 
crystals of the compound : 


l\ T, HM 
l\ T, HM 


Qu 


Selcnato-periodide of CincJtanine, 202®H’*N*0,H2SoO*,2Hr,P, is prepared like the 
third sulphato periodido (p. 179), which it closely resembles. 

Selcnato-periodides of Cinchonidine : (1), C2®JP<N20,91PSoO',811I,P* + SH^O, is 
prepared like the sulphur-compound (p. 486), which it closely resembles ; it must be 
washed with strong alcohol. Optical character: || opaque; + very faint olive- 
green. 

(2). 2C'-®H2*N20,II2SoO*,III,P + IPO, formed, with separation of H^ScO* and HI, 
by the action of dilute alcoliol on the last compound. Wlion rocrystallised from 
dilute alcohol, it forms rcd-lirown needles resembling the fourth sulphato-periodide 
(p. 486). 

Phosphaio-periodide of Cinchonidine, 2C2®n-*N‘-0,2PH®0*,HI,P, sepa- 
rates from an alcoliolie solution of calculated quantities of its constituents, in long 
dark-brown shining needles which have a bluish reflex and polarise slightly : 1 1 lighter, 
+ darker brown. It contains unaltered cinchonidine. The hot alcoholic solution, 
shaken up W'ith mercury, yields mercurous iodide and a double salt. There is also at 
least one more phosphato-periodide of cinchonidine, obtained under circumstances not 
definitely known, in dark brown laminae with violet reflex, probably having the com- 
position 4C2«IP'N20,3P1PO‘,4HI,I‘2 

Araenato-periodide of Cinchonine, 2C2®H2*N20,2A8H20',HI,P, exactly 
resembb's the corresponding phosphate. 

Oxalato-periodide of Cinchinine, 4C2®H-'*N'’0,2C‘H-’0*,4HI,P®, is formed 
when 1 mol. cinchonine, dissolved in 20 c.c. normal oxalic acid and alcohol, is mixed 
with 1 mol. HI and 3 at. 1, and separates in the purest sbito from dilute solutions ; 
it forms black, shining, sippareutly orthorhombic prisms, mostly quite opaque. When 
shaken up with mercury, it yields indistinct yellow granules of a double salt, together 
with mercurous iodide. 

Oxalato-pcriodide of Cinchonidine, 2C2®ir“*N-0,C'‘H'‘0*, 2111, I*, separates 
from the hot alcoholic solution of calculated quantities of its constituents in thin 
red-brown needles. Polarisation || yellow; brown to opaque. Rational formula : 

(P.I,HCiH,0,C*0*,0 lICilI,I,P)2P { 

When agitated w’itli mercury, it yields no mercurous iodide, but only a double salt in 
slender pale yellow needles. 

Oxalato-periodidca of Methylquhiine. — Several of these salts appear to be 
producible, but they are all very much alike in physical properties and solubility ; 
two whicli crystallise in black prisms appear to bo represented by the formulse 
2C2«n2*N202.CH>l,2C2ir-()‘.P and 2G2®H2*N20=CIPI,2C2H‘0* I«. 


» II with par-'illci Nfc(4s; + witJi crossi>d Nicola, 
t M s= G®"n«N''0=*ir,ScO" : On 7^ 
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Tartrato^eriodide of Cinchonidine^ 2C“H**N*0,C*H®0*,HI,P, is formed 
whon 1 mol. cinchouidine is dissolved with at least 2 mol. tartaric acid, and 1 mol. HI 
in 100 c.c. strong alcohol, and the solution is mixed with 1 at. iodine. It forms long 
thin rod-brown prisms which, when shaken with mercury, yield no mercurous iodide, 
but an oily, yellow, gummy double salt. 

Hydrochforo ^eriodides of Quinine: (1). 3C2®IP*NW,8HCl,4HI,r®, crys- 
tallises in blackish-green flat needles when .pure quinine (1 mol.) is heated with a 
large excess of dilute hydrochloric acid and alcohol, and an alcoholic solution of 

2 mols. iodine is then added. The crystals polarise strongly : 1 1 brown to brownish- 
yellow ; + opaque. By agitating it with mercury, a large quantity of mercurous iodide 
is formed, together with an amorphous double salt. (2). 4C‘-“lPh\-0'‘*,3HCl,5HI,I®, 
is formed in light brown crystals when 1 mol. quinine is brought in contact with 

3 mols. hydrochloric acid, and 3 mols. potassium iodido in solution ; it must be quickly 
filtered olF and dried. The polarising power of this salt is very feeble. When dry, 
it requires a temperaturo above 100° to melt it, but under boiling water it melts 
easily with separation of iodine. 

llydrocliloro-yeriodide of Cinchonine, obtained like the quinine-compound, 
crystallises in long brown shining prisms, and when shaken with mercury, yields no 
iodide, but only a pale-yellow, oily, mercury double salt. 

Jorgensen considers that the iodine in all these compounds is present in two 
different forms, viz., as hydrogen iodide, and in a looser form of combination, in which 
it may be called ‘ molecular iodine,’ since it exhibits many of the properties of free 
iodine, acting, for example, on polarised light like the tourmaline, a property which 
Jorgensen has showm to be possessed by crystallised iodine. 

QVZirZRSTZN'. This name is given by Fliickfger {fiharm. J, Trans. [3], viii. 
883) to a substance, probably isomeric with quinine, which is produced by the action 
of light on quinine in solution. A clear solution of 1 pt. quinine in 2000 pts. water, 
exposed to summer sunshine, assumed a yellowish or brownish coloration, and after a few 
days deposited a flocculent brown precipitate, only a very small trace of alkaloid bft'ing 
left in solution. This change takes place when quinine dissolved in water previously 
freed from air by boiling is exposed to sunlight, also on exposing a solution of qninine 
to the direct rays of the sun in an atmosphere of hydrogen. Quinirotin has no alkaline 
reaction, neither does it neutralise acids, in which, however, it is freely soluble ; it lias 
a very bitter taste, and is insoluble in alcohol, ether, and water. The hydrochlcric 
acid solution is precipitated by ammonia, but not by tannin. Nesslcr’s solution pro(luce.s 
a precipitate. It is dissolved by chlorine- waiter, the solution yielding a green precipitate 
when treated with ammonia. Quinine in the dry state is not so readily transformed as 
when it is dis.solved in water or alcohol. The other cinchona alkaloids, being more 
.sparingly soluble in w’ater, are not so easily changed. Solutions of quinic acid, con- 
centrated or dilute, are scarcely affected by exposure. Aqueous solutions of morphine 
or strychnine are only slightly coloured, whilst codeine or brucino are coloured very 
strongly. The solubility of the alkaloid seems to play a prominent part in the trans- 
formation, but the subject requires further investigation. 

QVimZABZir, C”H''0' = C»1 £<<;q^C«H*{OII)» (Liebermann a. Giesel, Her. 

X. 606). This isomoride of aliztirin, which Grimm obtained by heating quinol with 
sulphuric acid and phthalic anhydride (p. 102), is likewise produced when a mixture 
of phtbalic anhydriile and parachlorophcnol, in etyial numbers of molecules, is heated 
for some hours at 110° with a quantity of sulphuric acid equal to ten times the weight 
of the chlorophcnol. In this way 8 to 10 per cent, of the chlorophenol is converted 
into quiuizarin. A certain quantity of purpnriri is formed at the same time, but can 
be easily separated, as quinizarin is almost insoluble in a cold solution of sodium 
carbonate. 

Beduction-products. — Quinizarin, boiled with dilute hydriodic acid and phosphorus, 
or heated with hydrochloric acid and stannous chloride, is reduced to hydro- 
quinizarin, which crystallises from alcohol in yellow needles. It forms 

an insoluble yellow barium salt, and its alkaline, yellow, fluorescent solution readily 
absorbs oxygen, and is reconverted into quinizarin. Sometimes if the reaction is car- 
ried on longer it goes further, producing quinizarol, which resembles 

hydroquinizarin. 

When quinizarin is boiled for an hour with hydriodic acid of sp. gr. 1 ‘8, and an 
excess of phosphorus, it yields hydroanthracene-quinol, which is 

readilj .soluble in alcohol, ether, and acetic acid, and crystallises in yellowish- white 
rhombic phites molting at 09° ; itsisolutionsshowastronggreonish-yellowfluorescence ; 
it volatilises with steam ; the alcoholic solution is coloured green by ferric chloride. 

It forms a crystalline potassium salt, and insoluble yellow lead and copper 



QUINOL. 1737 

suits, which are obtained by precipitating the alcoholic solution containing a little 
ammonia with the corresponding acetates, the load compound, (C‘^H*®0*)*Pb, forming 
micwscopic needles. On heating the quinol with a mixture of acetyl chloride and 
acetic anhydride, the compound is obtained, forming pale yellow 

warty crystals, which melt at 136°-138°. 

An ammonia compound could not be obtained, but ethylamine acts readily on the # 

OPT 

quinol, yielding the compound which crystallises in lemon-yellow 

silky needles, molting at 162° and decomposed by boiling alkalis. When the quinol 
is boiled with acetic acid, manganese dioxide, and sulphuric acid, it is oxidised to 
C**H*0*, which crystallises in orange-coloured needles melting at 191°. 

The constitution of the preceding compounds is expressed by the formulae : 
Hydroquinizorin. Qulnizorol. 

/C(OU)v .CH(OH)v 

IlydToantliraccno-qnlxiol. 


Quzirox., C«H'0* = C‘.(OTI).H.n.OH.H.H. VaraMUyiroxyUmene (hitherto 
called Uydroquin<me‘. see NoMENCLA'njRE, p. 1420). 

Formaium and Preparation. — 1. Together with phonoqninone (vii. 1036) by adding 
quinono to a solution of phenol, the phenoquiuone dissolving while the quinol 
separates out : , 

2OTP02 + 2C«H«0 = 

Quinono. Phenol. Quinol. Phenoquiuone. 


(Wichelhaus, Ber. v. 248). 

2. By boiling an aqueous solution of diazophonol sulphate with 10-15 per 
cent, strong sulphuric add * 

C«U\OH)N=N.OH == C»H<(OH)* + N*. 

The quinol may be extracted from the product by ether after cooling. The yield 
amounts to 46*2 per cent. If no sulphuric acid is added, resinisation takes place on 
boiling. Strong hydrochloric acid may also be added instead of sulphuric acid, in 
which cjuso from 30 to 36 per cent, quinol is obtained, together with resin (Wcselsky 
a. Schuler, Ber. ix. 1159). 

3. By the action of hydroxylamine hydrochloride on a dilute aqueous 
solution of ni trosophenol. No action bikes place in the cold, buton gently heating 
the liquid, torrents of nitrogen are given off, and the solution is found to contain 
quinol. Probably diazophonol is first formed, according to the equation : 

C®H‘(OI£)NO + NU*.OH « H^O + C«HXOn)N=zN.Oir, 

.and then converted into quinol in the manner above explained (E. Hopp, Ber. x. 
1654). 

4. By reducing the methylic ether of paranitrophonol with tin and 
hydrochloric acid, converting the resulting paranitranisidino by the action of 
nitrous acid into paradiazo-tinisoil, and decomposing the sulphate of this base with 
water. The salts of paradiazo-anl^oil are but slowly decomposed by boiling with 
water or dilute acids, and it is therefore better to heat the solution for some hours in 
a scaU^d tube at about 140®. The greater part of the diazo-compoiiiid is thereby con- 
verted into a brown viscid substance, probably consisting for the most part of mothyl- 
qiiiiiol, while a small portion is converted into quinol, which may bo extracted from 
the watery liquid in the tube by agitation with ether (H. Salkowski, Ber. vii. 1008). 

6. From bromosalieylic acid, C*.OIT,CO''*H.II.Br.II.H. (which, when heated, 
yields [1 I 4] bromophenol), by fusion with sodium hydroxide, whereby it is converted 
into the corresponding hydroxysalicylic acid, [OH : CO*H : OH=l : 2 ; 4], m. p. 
I96®“197°, and heating this latter in a sulphuric acid bath at 215°, whereupon pure 
quinol sublimes ; if the acid be <Hstilled from a retort over an open flame, catechol 
(pyrocatechin) will pass over, though in subordinate quantity, together with the quinoj 
(Rakowski a. Loppert, Ber. viii. 788). 

6. Together with quinono and other products by heating quercitol above 280® 
(p. 1740). 

7. By passing a current of air for three or four hours through an alkaline solution 
of ethyl suecinosuccinate (see Succinic Ethbbs), mixing the resulting brown 
liquid with excess of acetic acid, filtering, and treating the filtrate with sulphuric acid, 
which throws down a yellow crystalline body, containing, together with other products, 
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quinol-dicarboxylic acid, C®ir'0*(C00II)‘-, which, when heated with potassium 
hydroxide, yields quinol (F. Herrmann, Uct. x. 107). 

8. Quinol maybe prepared from aniline by the following process. 1 pt. of 
aniline is dissolved in 8 pts. of sulphuric acid diluted with twice its bulk of water, and 
to this solution, .‘ifter cooling, a .saturated solution of 2i pts. of potassium bichromate is 
added gradually, too great a rise of temperature being avoided. The thick pulpy 
mass of aniliue- black produced at first change^ after a time to a dirty-brown solution, 
which is then to be treated with sulphur dioxide in excess, and afterwards agitated 
with ether. The ethereal liquid, when distilled, leaves a brownish crystalline residue 
of crude quinol, amounting to 16 per cent, of the aniline employed. 

Toluquinol may be prepared in the same manner from orthotoliiidine (Nietzki 
Ber, X. 1934). 

Crystalline Form. — According to O. Lehmann (Zeitschr. f. Kryst. i. 44), quinol is 
dimorphous, one of its modifications being the ordinary stable form which the com- 
pound assumes when crystallised from water, the other the unstable form produced on 
sublimation. This latter takes the form of laminar monocliiiic crystals, in which 
flf : A : c = 2'605 : l ; I'ooS and ac — T^^. The measurements (only approximate) give 
the faces OP, oePoo, + P, and the angle +P : — P = 112° 4'. The plane of the optic 
axes is the plane of symmetry. On a plate inclined to the median line, the angle of 
the optic axes in oil is 92°. The stable modifieition is hcxag<jnal (rhombohedral- 
hsrnibedral). Axes « : c = 1 : 0 6591. The crystals are elougiitod prisms of the second 
owler, with the face qo P2, sit the end of which there occurs only + R or — JR, as well 
as — R. The observed angles are — R : — R = 62^ 57' ; +R : ooP2-58° 22'. Double 
refraction slightly positive. The crystals of the nnstablo modification appear to 
change into the stable modification when left to cool tlowly after tlirn'r formation. 

Melting Point. — Hlasiwetz a. Ilabermann (Ber. viii. 684) find, in opposition to all 
previous statements, that the true melting point of quinol is 169° — a result which 
establishes its identity with pyrogeiitisic acid, the product obtained by the action of 
heat, on gentisic acid (p. 860). * 

B'^action with Sitrous acifl. — When nitrous gas is passed into a solution of quinol 
(in eblier ?), cooled with icc as long as it continues to bo absorbed, small golden- 
yellow needles separate, probably consisting of dinit rodi hydroxyquinone, 
C®(N02)-0Y0IT)^ the quantity increasing on addition of water, and red fumes being 
at the same time evolved (Nietzki, Ber. x. 2147). 

Beriyatives of Methyl- and Ethyl-quinolB. Bichloradi methylquinol, 
C*n-Cl"(OCH^ separates in colourless needle-.shapcd crystals when chlorine-gas is 
passed into a .solution of dimethyl-cpiinol in glacial acetic acml. It melts at 126°, dis- 
solves in ether, alcohol, and hot glacial acetic acid, but is insoluble in water. Tctra- 
chlorndimethylq^uinol, C®C1‘(0C1I*)', is formed on saturating the mother-liquor 
of the dichloro compound wath chlorine, and .separates in yellowish- white needles 
which melt at 153 -154°, but begin to sublime at a lower temperature. It dissolves 
Ciisily in alcohol and other. The filtrate from the tetrachlorocjninfd contains tetra- 
chloroquinonc and another chloro-compourid, which is very soluble in alcohol, and 
sublimes in violet crystals melting at 79'* (Habormann, Ber, xi. 1034). 

Dibromodimethylquinolj prepared by slowly adding bromine to a solution of 
dimethylqiiinol in hot glacial acetic acid, forms colourless crystals, which molt at 
142°, and sublime without decomposition. It i.s soluble in l»oiIiug glacial acetic acid, 
and insoluble in water (Uabermann). • 

Nitrodimethylquinol, C'*H^(NO*)(OCH®)'-, separates in golden-yellow crystals, 
when strong nitric acid is added to an emulsion of dirnelhylquinol and warm water; 
it melts at 70°-71°, sublimes at higher temperatures, and dissolves in alcohol. 

Dinitrodiincthylquinol is obtained by mixing a solution of dimethylqiiinol in 
glachil acetic acid with an equal volume of strong nitric acid, leaving the mixture at 
rest for a quarter of an hour, and then adding water, which preeipitMtes the nitro- 
compound in the form - of a yellow crystalline powder. It is soluble in alcohol and 
glacial acetic acid, but insoluble in water; melts at 169°- 170°, and sublimes 
readily. 

, Trinitrodimethylquinol\^ formed on adding a solution of dimothylquinol or 
of dinitrodimethylquinol in glacial acetic acid, to a well-cooled mixture of sulphuric 
and fuming nitric acids. On dilution with water, a yellow precipitate is produced, 
which dissolves in hot alcohol, and is deposited from the alcoholic solution in yellow 
brittle prisms (Habermann). 

Xitrodiethylqninols (Nietzki, Zfer. xi. 1448; xii. 38). — The momnitro-com- 
youndt C®H*(NO‘')(OOTD)^ prepared by mixing a solution of diethylquinol in 5 pts. 
glacial acetic acid with an equal volume of nitric acid sp. gr. 1*25, crystallises from 
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an alcoholic solution in golden-yellow needles melting at 49®. By the further action 
of nitric acid, it is converted into two dinitro-derivatives^ C*H*(NO*)*(OC2H*y‘*, one 
melting at 176®, the other melting at 130®, and dissolving freely in alcohol (Nietzki, 
'Bef. xii. 38). The first of these compounds is .also formed, together with a trinitro- 
dcrivative, by adding a solution of diethylquinol in acetic acid to fuming nitric acid, 
and without admixture of the trinitro-compound, by treating diethylquinol with weaker# 
nitric acid. As thus obtained, it forma lemon-yellow laminie, insoluble in water, easily 
soluble in alcohol, melting at 172'^. 

Triniirodiethylquinolj C®H(NO“)*(OC*Il*)2, obtained by the action of a mixture of 
nitric and sulphuric acids on dietliylquinol, crystalli.scs from alcohol in long pale 
straw-yellow ncjedles melting at 133°, and turning orange-yellow when exposed to 
light. Heated in scaled tubes with alcoholic ammonia, it is converted into a red 
compound, or probably C'*H(NO-)'“(NH‘)*(OC“E*), formed by replacement 

of the ethoxy l-group by NH-*, and of the nitro-gronp by another NlP-group. This 
compound is neither acid nor liasic ; but when boiled with potash it gives off ammonia, 
and is converted into a biliasic acid, C*H*N‘''Ob or C“H(N02)‘*(0H)-(0C'''H®), which 
crystallises from alcohol in golden-yellow noodles having a violet reflex, melts with 
decomposition at 143°, dissolves sparingly in water, easily in alcohol, jitnmoiiia, and 
alkalis. Its alkali-salts are (iasily soluble; the barium salt forms sparingly soluble 
orange-coloured needles. 

BiamidodiefJiylquinol, ahlfilned by the action of tin and hydrochloric acid 
on the dinitro compound, is converted by nitrous acid into a body having the composi- 
tion C'«H®N*02; thus: G'“U‘=(NH=)“0HN0'11=2H“0 + C>''U>3NW This compound 
crystallises in colourless needles, melts jit, 233®, dissolves in absolute alcohol and 
glacial acetic acid ; also in oahstic alkalis, and is precipitated therefrom by acids 
(Nietzki). 

Azo-difjthylquinol, = (g-'HH))"C«IP----N==:N— C«H*(OC‘H»)^ is 

forpied, together with a hydruzo derivative, by treating a solution of mononitrodi- 
ethylquinol in alcoholic potash with a small quantity of zinc-dust. The liquid, 'which 
at first assumes a deep-rod colour, is decolorised by prolonged boiling with zinc-dust, 
but quickly recovers its red colour on exposure to the air ; and on pouring the dc- 
j'olorised solution into water, a crystalline product separates, which appears, on 
examination with the microscope, to be a mixture of two bodies, viz. colourless needles 
of the hydrazo- and deep red laminm of the azo-compound. These two bodies cannot 
be separated by fractional crystallisation, on account of the re.ady oxidisability of the 
hydrazo-compound ; but on wasliing the mixture with water to remove potash, and 
then wanning it with dilute hydrochloric acid, the hydrazo-compound passes com- 
pletely into solution, while the azo-cornpound reniain.s behind, and may bo piirilled by 
rocrysUillisation from alcohol. It crystallises in ml plates, dissolves in ether, benzene, 
and hot .alcohob-also in strong hydrochloric and sulphuric acids, foniiiiig violet solu- 
tions from which it is precipitated by water. It melts at 128®, and distils at a higher 
temperature (Nietzki, Be7\ xii. 38). 

Hydrasoteirf.thylquinol, = (C'“H^O)2C«lP.NH.NH.C«Il®(Oa^n‘‘)=. 

as already observed, is extremely oxidiscible, and has not been obtained in the i)Uie 
state; but the l»ase, NIP.C«H'XC'-MP0)2.C«IP(C"IP0)" to it in the furno 

manner as benzidine to hydrazobenzeno, is obtainoil as hydrochloriile by concontrating 
the acid solution filtered from the azo-compound above mentioned. Tlie hydrochloride, 
C‘“H“N ’()^2IIC1, then crystallises^ especially in presence of an excess of hydrochloric 
acid, in long slender needles. This salt is but slightly soluble in water, even when 
hot, ;ind nearly insoluble in rnoiierately strong hydrochloric acid, and on adding 
hydrochloric acid to its warm saturated solution, every drop produces a gelatinous 
precipitate; this reaction affords an easy mode of purifying the salt. The aqueous 
solution of the hydrochloride forms with plaliuic chloride a yellow crystalline precipi- 
tate of the platinum salt, 0“"IP"N‘0b2HCl,PtCl*. 

The base separated from the hydrochloride by alkalis crystallises from alcohol in 
delicate colourless laminae, resembling benzidine, and melting at 129® (corr.) Its 
aqueous solution, when trc.-itcd with oxidising agents, becomes dark brown and deposits 
a brownish iridescent precipitate (Nietzki, Ber, xii. 40). 

QUZXOXi-CARBOXYUC ACID. This name is given to thehydroxysalicylic 
acid, C«.OH.CO-ll.H.OH.IP (m. p. 196°-197°), obtained by fusing the bromosalicylic 
acid of corresponding constitution Avith potassium or sodium hydroxide (p. 289). 
The acid of the same composition, obtained in like manner from the corresponding 
ioclosalicylic acid, melts at the same toraperaturu, and likewise yields quinol when 
heated in a sulphuric acid bath at 21»'3®, but appears to differ somewhat in its rebations 
to solvents from the acid obtained from the bromosalicylic acid. When quinolcarb- 
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oxylic acid in aqueous solution is treated with weak oxidising agents, a product is 
formed, from which ether extracts a crystallisablo acid [quinono-carboxylic acid?], 
which is instantly decolorised by reducing agents. The acid named by Hesse carho- 
hydroqumonic add (iii. 214), yields, when heated, as observed by Lautemann (iii. 215), 
not quinol, but catechol (Rakowski a. Leppert, Ber, viii. 788, 976). 

Quinol-dicarhoxylic acid, C*H‘0*(C00.H)^ is formed, as already stated 
(p. 1738), by passing a current of air througlra solution of ethylic succino- succinate 
containing .'in excess of alkali. When precipitated by sulphuric acid and purified by 
repeated crystallisation from boiling water, it forms tufts of long interlaced needles of 
light brownish-yellow colour, very soluble in alcohol jind ether, sparingly in cold, 
ab^undantly in boiling water, the solutions having a light yellow colour, and exhibiting 
a faint greenish fluorescence ; with ferric chloride they yield a pure deep blue colour. 
The acid is not fusible, and only a very small portion of it sublimes without decom- 
position. When cautiously fused with potassium hydroxide, it yields quinol (F. Herr- 
mann, Ber, X. 107). 

QUnrOXi fiXBSR. See Quinyl Oxide. 

QVnrOXi-PBTHAXi&ZXr. See Phthaleins (p. 1612). 

QVZBOKSinbPBOBZC ACZD, C«H*SO« = The crystalline 

form of the potassium salt of this acid, C*H*KSO*, has been determined by 0. Bodewig 
{Zeitschr, /. Kryst, i. 584). It belongs to the orthorhombic system, a :b \ c — 
07641 : 1 : 2 0965. Observed forms OP, jP, P, f, oo t oo. The crystals are developed 
tubularly and irregularly in the direction of tho basal face. The plane of the optic 
axes is parallel to ooJ^oo. Tho axis c is the first median line. Double refraction 
positive. Apparent angles of the axes in oil : 

Li-red Na-yellow Tl-green 

83® 16' 83® 29' 84® 31' 

QVZBOBB, C®H^O-=sC®H\ I [1 : 4]. This compound is formed by the oxidis- 

\o 

ing action of manganese dioxide and sulphuric acid on paraphenolsulphonic acid [the 
meta-acid yields none], and on sulphanilic (/j-amidobcnzoncsulplionic) acid (Schrader, 
Ber. viii. 759). According to Fruuier (Brill. Soc. Chim. [2], xxv. .515; xxviii. 180), 
quinone occurs, together with quimd, amongst the products of decomposition of quor- 
citol by heat (above 280^) and by hydriodic acid. 

Freyaratwn from Aniline. — Powdered potassium dichromato is added to a cold 
mixture of I pt. aniline, 8 of sulphuric acid, and 30 of water, until the precipitate of 
aniline black which is first foi’rae<l rcdissolvcs, giving a brown solution. About 
2^ pts. of potassium dichroiiiate are required for this purpose. If the process is now 
interrupted by the addition of a sulphite, quinol is obtained, but in onler to prepare 
the quinone, it is necessary, after adding potassium dichromate (1 pt.), again to leave 
tho mixture at rest for some hours, and then heat it to 35®. Tho quinone is extracted 
by agitation with ether, as by this means 68 per cent, of the theoretical yield of 
quinone is obtained, wdiilst tho amount is comparatively small if the quinone is distilled 
off in the current of steam. Quinone separates from tho ethereal solution in 
golden scales, which generally contain traces of quinhydrone. Tho mother-liquor 
from the quinone may be worked up for quinol (NKitzki, Ber. xi. 1102). 

Detection, — A very delicate test for quinone in aqueous solution is aflTorded by an 
alcoholic solution of hydrocoeridignone. On addition of a drop or two of this liquid, 
the quinone solution assumes at first a yellowish-red colour, but quickly becomes 
colourless again, and deposits .steel-blue iridescent needles of cnerulignone (p. 548). 
This reaction will detect 1 pt. of quinone in 200,000 pts. of water, and the orange 
coloration is still perceptible with 1 pt. quinone in 1,000,000 pts. of water. With 
thymoquinonc, the reaction is either not produced at all or is very indistinct. On 
the other hand, hydrocoerulignone may be used as a test for many other oxidising 
agents. 

Totrabromoquinone, C®Br^O*, is formed by the action of bromine in excess on 
quinone dissolved in hot glacial acotic acid (Saraw, Ber, xii. 680). 

Trichloroquinone is converted by aniline into dmnilidomonoohhroqtUfione, 
which crystallises in platq? having a metallic lustre (Neuhoffer a. 
Schultz, Ber, x. 1792). 

ChloTimidoquinone, C*H‘ClNO = [0 : Cl : NH - 1:2:4] 

(R. Schmitt a. Benewitz, J.pr, Chem. [2], viii. 1 ; B. Schmitt, ibid, xix. 812). This 
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compound, originally regarded as dichlorazophenol, is formed by the action of aqueous 
chloride of lime on paramidophonol hydrochloiide, according to the equation ; 

CW(NH2)OII + 201* « 3HC1 + 0»H»C1(NH)0; 

and in like manner from paramidophenetol, ethyl chloride being then given oflf as 
well as hydrogen chloride : • 

C®H<(NH*)0C*H5 + 2012*= 2HC1 + Cm^Ci + C«H»01(NH)0. 

It is best prepared by dissolving 3 g. paramidoplienol hydrochloride in 150 g. water, 
and dropping in from a burette, with agitation, a strong solution of bleaching powder. 
A point is then soon reached at which the chlorimidoqiiinone, which separates in 
white flocks, no longer rodissolves, but increases on further addition of the chlorine- 
solution, the colour of the liquid at the same time becoming fainter and fainter, till at 
the moment of completion of the reaction, it suddenly changes from violet to yellow ; 
the addition of the chlorine-solution must then be discontinued. The chlorimido- 
quinone is easily separated from the liquid by filtration, and may be freed from 
calcium chloride by washing with a little water, and dried over sulphuric acid, which 
process, however, is attended with some loss, on account of the volatility of the com- 
pound. It may also bo purified, though likewise with some loss from decomposition, 
by distillation with steam. 

Chlorimidoqiiinone is sparingly soluble in cold, easily in hot water, also in alcohol, 
benzene, ether, and glacial acetic acid, and crystallises from the last-mentioned solvent 
in tufts of yellow needles often several millimeters long. It molts at 86°, and decom- 
poses with slight detonatioii yhen heated a few degrees higlicr. It smells very much 
like quinone, and further t-iserablos tho latter by the deep brown colour which it 
imparts to tho hands and to organic substances in general. It is readily decomposed 
by potash-ley and strong sulphuric acid, with formation of brown humus-liko sub- 
stances. 15y tin and hydrochloric acid it is decolorised, and reconverted into par- 
amidophenol. 13y sulphurous acid or sodium-hydrogen sulphite it is converted into 
orthoamidophoiiolsulphonic acid: 

C«1PC1(NH)0 + 2U2S02 + II^O = HOI + H^SO* + C»H»(NH*)(0H)S02H. 

Nitroquinone, C®iP(N02)02, is prepared by dropping chromyl chloride into 
nitrobenzene at 150--1G0° as long as hydrogen chloride is thereby evolved ; then 
adding water ; boiling the aqueous solution with a slight excess of alkali ; filtering 
from chromic oxide ; concentrating; adding a small quantity of sulphuric acid ; and 
crystallising tho resulting precipitate from boiling water. Nitrofjuinonc is thus obtained 
in shining scales melting at 232°, subliming at a soinowhat higher temperature, and 
dissolving without alteration in alkalis (Ktard, Compt. rend. Lxxxiv. 391). 

Dinitro’dihydroxyquinone, or Niiranilic acid, C*H'“N*0® = 
C®(N0“)2(0H)‘02, and Tetranitroquinone, or Nitranil, C®(NO'-)^()2 (Nietzki, Ber, 
X. 2147).— When nitrous acid is passed into a well-cooled solution of quinol, a ciys- 
talline mass of quinhydroiie is formed at first by oxidation of the quinol. Subsequently, 
however, tins body disappears, and small golden-yellow needles separate, easily soluble 
in ether, but insoluble in water. These needles are converted by potash into sulphur- 
yellow p 0 1 a s s i u m - n i t r a u i 1 a t e, C®(NO'“)'‘(OK)202. 

The yellow crystals soluble jn ether probably consist of t etranitroquinone or 
nitranil, as they arc readily decomposed in ethereal solution by addition of water, 
with evolution of red fumes, and formation of niiranilic acid. 

Nitranilic acid crystallises in golden-yellow prisms exhibiting a bluish di- 
ehnusm ; it melts in its water of crystallisation at a little above 100°, and when 
aiih\ (Irons, d(‘Composes without medting at 170°. It lias a strong, sour, astringent, 
ferruginous taste, and forms well crystallised salts with most of tho metals, giving 
crystalline precipitates with barium chloride, ciilciura chloride, and silver nitrate. 

In addition to nitranilic acid, other nitro-compouuds seem to be formed in the 
reaction above described, together with a considerable quantity of oxalic acid. 

Quinbydrone. This body was originally rc^gardod by Wohler and by Laurent 
as a compound of 1 mol. quinol and 1 mol. quinone : G“n'’0'-’ + C‘*IP02 = C*2lI'®0h 
Wichelhaus, on the other hand, regards it as a oompiuiid of 2 mols. quinone and 
1 mol. quinol: C“H‘'02 + 2C‘*ll‘()- = C‘*Il*^W (vii. 1037). Liebermann, however, has 
shown {Ber. x. 1614, 2000) tliat quinone and quinol, when brought together in equal 
numbers of molecules, combine without residue^ and produce quinhydrone, wheretis 
when 2 mols. quinol and 1 mol. quinone are mixed, half tho quinone remains uncom- 
bined, and quinhydrone is formed in quantity corresponding with the quinol. These 
result are in complete accordance with the older formula of quinhydrone, viz. 
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; and this formula is further corroborated by the experiments of Nietzki 
{Ber. X. 2003), wlio has tested it by reducing quinhydrone ivith sulphurous acid, and 
titrating the excess of the latter with iodine solution. Wichelhaus, however {ibid. 
1781), still endeavours to defend his own formula. 

qvXXrYXi oxide, C'=II»«0s = (C«n^0H)20. Quinolio Ether.— Thla compound 
is formed by the action of chromyl chloride on phenol, and decomposition of the pro- 
duct with an aqueous alkiili. Chromyl chloride acts on phenol with great violence, 
but the action may bo moderated by dissolving the two substances (1 pt. C®H®0 : 6 pts. 
CrO-Cr-) in carbon sulphide. "When the action is linishod, water is added, and the 
aqueous solution is boiled with a slight excess of alkali, then filtered, concentrated, and 
mixed with a small quantity of sulphuric acid. Quinyl oxide is a, white amorphous 
powder, which softens at 100^, and is converted by chromic acid mixture into qiiinone 
(Etard, Compt. rend. Ixxxiv. 391). 


E. 


RikDZCXiES. A. Cayley has estimated the number of possible isomeric alcohol- 
radicles of the fatty series as far as C‘*, and fimls 1 Methyl, 1 Ethyl, 2 Propyls, 
4 Putyls, 8 Pentyls, 17 Hexyls, 39 Heptyls, 89 Octyls, 211 Nonyls, 507 Hecyls, 
1238 Undecyls, 3057 Dodceyls, 7038 Tridecyls {Phil. /Mag. [4^]* xlvii, 414; [6], 
iii. 34). 

EAFFZirOSE, C"'H®‘^’0^®,5H'0. A substance found in the molasses of the 
sugar-beet. It is crystalline, colourless, easily soluble in water, sparingly in alcohol, 
has a very faint sweet taste, gives off water when heated (D. Loiseau, Compt. rekd. 
Ixxxii. 4058). 

RAZZ DEE ZRDZeo. The root of a plant growing in California, and used 
there in medicine ; it contains chrysophanic acid, aporetin, phaeoretin, erythroretin, 
calcium malate and oxalate, starch, gum, sugar, tannin, and albumin (h\ G. Voelcker, 
Tharm. J. Tram. [3], vi. 781). 

RATAZrBZZTE, This substance, homologous with tyrosine, first 

obtained by Wittstein from rhatany-root, ami described by Huge (v. 77), has been 
further examined by Gintl (JVlen. AJead. Ber. [2], lx. 068). It unites both with Oases 
and with acids. The potassium and sodium sal^s, C'®H**K’‘'NO* and C*®II**Na’*NO®, 
are amorphous deliquescent ma.sscs, partly soliilde in alcohol, decomposed by carbonic 
acid. The barium salt, (C^®H^ N(P)'-Ba + 2H*(), is a gummy mass having a faint 
yellow colour. The strotitium salt, (C'"H"NO®)-’Sr + 211-0, the calcium salt, 
(C*“H"NO*)*Ca ( + aq?), and the magnesium salt, (C'®H"NO®)'‘'Mg. are likewise 
amorphous. No definite compounds w’ere obtfiined with aluminium, iron, or lead. 
The silviT salt, C‘®IP'Ag-NO®, prepared like silver-tyrosine (v. 933), is a heavy white 
precipitate, consisting of microscopic .spicuhe, slightly soluble in cold water, dis- 
solving with partial decomposition in hoi water, easily soluble in ammonia and nitric 
acid. The ammoniacal solution quickly decomposes, with separation of metallic silver. 
It remaiiLs unaltered at 110 ^ but burns away at a, higher temperature, with a glim- 
mering light, leaving a mixture of silver carbide and spongy charcoal. 

Hatanhiiie is dissolved by organic acids, but soon separates from the solutions. 
All its compounds with acids are decomposed by alcohol, especially on addition of 
ether. It dissolves in cold dilute nitric acid, forming the compound C'®H*®NO*.NO“H ; 
strong nitric acid converts it into a resinous lx)dy udiich detonates when heated in the 
dry state. The colour-reaction with nitric acid (red, changing to indigo-blue, v. 78) 
is most strikingly exhibijr.ed with red fuming nitric acid. The product is decolorised 
by hydrogen sulphide in weak alkaline solutifjn, the characteristic red colour being 
restored on addition of acids. The hydrochloride, C*®H‘*NO®,liCl, crystallises in 
monoclinic prisms, dissolves at a gentle heat in a small quantity of water, but is 
decomposed by a larger quantity. The platimchlorid^, (C'®Ii*®NO*,HCl)*PtCH, is 
obtained by slow evaporation of a solution of the hydrochloride mixed with excess of 
platinic chloride, in small reddish-yellow crystals resembling potassium dichromate; 
it is permanent in the air, and dissolves*" without decomposition in water and in 
alcohol, sparingly also in ether. The sulphate, C'®H**NO®,SO^H*, is obtained in 
colourless rhombic crystals, by dissolving ratanhine in dilute sulphuric acid and 
evaporating; it may also be prepared by the action of strong sulphuric acid at 
ordinary temperatures. The phosphate, C*®ll**NO®,PO^H*, is obtained in small prisms, 
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apparently rhombic, by dissolving ratanhine in moderately concentrated phosphoric 
acid, evaporating the solution to a syrup, and leaving it at rest for a considerable 
time. 

Ratanhine is not decomposed by nascent hydrogen, either in acid or in alkaline 
solution (Gintl). 

B. Kreitmair {Liehig's clxxvi. 64) has examined numerous samples 

rhatany- extract, some occurring in coijimerco, others prepared by himself, and has 
found ratanhine in only one, to the amount of 7 per cent. 

RAUZTB. A zeolite from tho island of Lamo, near Brevig in Norway. It is 
related to thomsonito, and has probably been formed by decomposition of elseolito. 
It is greyish-black, fine-grained, exhibits no crystalline forms. Hardness 5. Sp. gr. 
2-48 at 13°. Tho mineral encloses small quantities of hornblende, &c. Its analysis 
gave: 

SiO* A1*0» Fo*0* CaO Na*0 H*0 

39-21 31-79 0-57 5-07 11-56 11-71 99*90 

numbers which may bo represented by the formula (Na*,Ca)0,Al*0®,2Si0^2H'^0, in 
which Na* : Ca=s 2 : 1 (Paykull, Ber. vii. 1334). 

RBZCBARDTZTB. This name is given by H. Krause (Jrc^ Bharm. [3], vi. 
41) to a massive variety of magnesium sulphate, MgSO^ + 7H"0, occurring at 
Stassfurt. 

RESnrs. The behaviour of the more important resins, gum-resins, and balsams 
with various reagents, has been examined by E. Hirsclisohn (Russ. Zeitschr. Pkarm, 
xvi. 1, 33, 65, 97; Arch. Pharm. [3], x. 481 ; xi. 64, 162, 247, 312, 434), with tho 
following results : • 

Alcohol of per cent, dissolves completely: 

Benzoin, Caranna, Resins and Balsams from Conifers, Dragon’s-blood, Guaja- 
cum, Peruvian guajacum, Mani-resin, Mastic from Alexandria, Mastic from 
Bombay, Black Peru-bal 3 ara,Podocarpus- resin, Saiidarac, Tolu-balsam, Xan- 
thorrheea-resins. 

Alcohol of 95 per cent, dissolves incompletely : 

Ammoniacum, Asa fostida. Bdellium, Canada-balsain, Coradia-resin, Copaiba- 
balsam, Copal, Dammar, Elemi, Eiiphorbium, Resin of Euphorbia Tirocalli, 
Buryops-resin, Galbanum, Gamboge, Shellac, Liquidambar-balsam, common 
Mastic, Mecca-balsam, Myrrh, Olibanum, Opoponax, white Peru-balsam, 
Sagapenuin, Sonora-lac, Liquid Storax. 

Ether dissolves compUkly : 

Caranna, Canada-balsam, Conifer-resius and balsams, Copaiba -balsam, 
Dragon’s-blood, Elemi,* Guajac-resin, Peruvian guaiac, Maui-rcsiu, Mastic, 
Podocarpus-rcsin, Bandarac. 

Ether dissolves incompletely : 

Ammoniacum, Asa feetida, Bdellium, Benzoin, Ceradia-resin, Copal, Dammar, 
Eiiphorbium, Resin of Eupho?'hiu7n Tirocalli, Enryops-rcsin, Galbanum, 
Bliellac, Gamboge. Liquidambar-balsam, Mecca-balsam, IMyrrh, Olibanum, 
Opoponax, black Puru-lialsam, white Peru-balsam, Sagapeniim, Sonora-lac, 
Liquid Storax, Tolu-balsam, Xanthorrlicea- resins. 

Ethereal solutio n clouded hy addition of Alcohol : 

Canada-balsam, Bruzilian Copal, Copaiba-balsam from Maranham and from 
Para, Dammar, Resin of Euphorhium Tirocalli, Euryops-resin, Liquidambar- 
balsam, common Mastic, white Peru-balsam, Sonora-lac, Liquid Storax. 

Ethereal solution forms a clear inixture with AUohd : 

Ammoniacum, Asa fmtida, Bdellium, Benzoin, Caranna, Ceradia-resin, 
Conifer-resins and balsams, Copaiba- balsam from Brazil, Copal, Dragon’s- 
blood, Elemi, Kuphorbium, Guajacum, Peruvian guajacum, Galbanum, 
Shellac, Gamboge, Balsam of Liquidamhar sfyracijlua, Mani-resin, Mastic 
from Bombay, Msistic from Alexandria, Mecca-balsam, JMyrrh, Opoponax, 
black I*cru-balsam, Podocarpus-resin, Sandarac, Sagapenum, Tolu-balsam, 
XanthorrhoBa-resins. 

Chlorofor m dissolves completely : • 

Benzoin, Canada-balsam, Caranna, Ceradia-resin, Conifer resins and balsams, 
Copaiba-balsam, Brazilian Copal, Dammar, Dragon’s-blood (not all varieties), 
Guajac-resin, Peruvian guajac, Mani-resin, Mastic, Mecca-balsam, black 
and white Peru-balsam, Tplu-balsam. 
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Chloroform dissolves imperfectly or not at all : 

Ammoniacum, Asa fcetida, Bdollium, Copal, Pragon’s-blood from Pteroearpus 
Draco, Kuphorbiuui, Resin of Euphorbium Tirocalli, Euiyops-resin, Galbanum, 
ShellaL*, Gamboge, Liqnidambar-balsam, Myrrh, Olibanum, Opoponax, Podo- 
carpus-resin, Sagapenum, Sandarac, Sonora-lac, Liquid Storax, Xantliorrma- 
resins. 

Lead Acetate gives with the Alcoholic solution a precipitate which does not dissolve 
or dissolves only partially on boiling: 

Ammoniacum, common Asa foetida, Benzoin, Canada-balsam, Caranna, Coradia- 
resin. Conifer-resins and balsams, Copal, Dammar (certain East Indian 
samples), Galbanum, Euphorbium, Rosin of Euphorbia Tirocalli, Dragon’s- 
blood from Pferocarpus Draco, Shellac, Guajaciim, Mani-resin, Mastic from 
Bombay, common Myrrh, black Peru-balsam, Sandarac, Sonora-lac, Liquid 
Storax, Tolu-balsam, Resin of Xanthorrhosa arborea, yellow Xantliorrhroa- 
rosin. 

Lead Acetate gives a turbidity which disappears on heating : 

African Bdellium, Copaiba-balsam, Dammar (certain East Indian samples), 
Peruvian Guajacum, Balsam of Liquidambar slyracifua, common Mastic, 
Mastic from Alexandria, Mecca-lxilsam. 

Lead Acetate gives no turbidity : 

Asa foetida from Ferula alliacea Boiss, Indian Bdellium, Caranna (Aeeyta 
aniericana). Dammar, Dragon’s-blood (some sorts), Elemi, Gamboge, Liquid- 
ambar-balsam, Indian Myrrh, Olibanum, Podocarpus- resin, white Peru- 
balsam, Resin of Xantkorrhoea quadrangulare. 

Ferric Chloride gives with the AlcokoUc solution a turbidity or a precipitate 
V'kich disappears on heating, and dissolves in ether : 

Canada-balsam, Dammar (some East Indian sorts). 

Ferric Chloride gives a precipitate which neiilter disappears on heating nor dis^ 
solves in ether : 

Copal, Sonora-lac. 

Ferric Chloride gives no precipitate, but colours the solution : 

(a). Blue : Caranna {^Aeeyta amcricana), Guajacum. (b). Black, brown-black, 
OT greenish-black : Gamboge, Xanthorrheeu-resi ns. Shellac, (c). Park green: 
Asa feetida (some sorts), Benzoin, (d). Black : Peru-balsam, Storax-balsam, 
Opoponax, Sagapenum. 

The other resins are coloured by ferric chloride either greenish, brownish, 
or not at all. 

Aqueous Ammonia forms with the Alcoholic solution a clear mixture: 

Caranna, Ceradia-resin, Conifer-resins (some sorts), Copal, Dragon’s-blood 
iromPterocarpus Draco, Euryops-rosin, Shellac, Guajacum, Gamboge, Podo- 
carpus-resin, Sandarac, Sonora-i;ic, Xanthorrheea-resins. 

Aqueous Ammonia forms a turbid mixture: 

The remaining Resins. 

Chloride of Lime Solution gives an oratujcyellow colour with : Persian am- 
moniacum ; no colour with any of the other resins. 

Alcohol containing Hydrochloric acid is coloured brick-red by: white 
Peru-balsam, Ceradia-resin ; red to violet by : Caranna (one sample), common Myrrh, 
Euryops-resin ; blue to violet by : Elemi (some sorts); yellowishrbrown to green: 
Guajac-resin ; yellow changing through red-brown to cherry-red : Benzoin, Tolu-balsam ; 
crimson : Resin of Xantkorrkxa arborea and X. quadrangulare ; greenish changing to 
dingy violet : common * Asa feetida ; yellow : Gamboge, Oaranna ; light rose-coloured : 
Podocarpus-resin ; brown changing into various shades : the remaining resins. 

Concentrated Sulphuric acid dissolves with cherry-red colour: Benzoin from 
Siam, Tolu-balsam ; yellow : Gamboge ; with yellowish-brown fluorescence : common 
Asa feetida ; brown changing to various shades : the rest. 

The solution in Sulphuric add gives with Alcohol a clear violet mixture : Benzoin 
from Siam, benzoin from Sumatra (more red-violet), Euryops-resin, Levant Galbanum, 
Tolu-balsam ; blue-violet changing to blue : Levant Sagapenum ; a clear cherry-red 
mixture ; red Xanthorreea-resin ; a clear green mixture ; Guajacum, yellow Xanthor- 
rheea-resin; a turbid dingy violet mixture: Myrrh, black Peru-balsam; a turbid 
brown mixture : the other resins. 

Waier added to the sulphuric acid solution , throws down reoin in flocks, and 
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exhihilB a violet colour \ Benzoin from Siam; dingy redr^ioUti black Peru-balsam, 
Galbanum, African Ammoniacum, Sagapenum, Benzoin from Sumatra, Tolu-balsam, 
red Xanthorrhcea-resin ; ydUmi Gamboge; hlue-green or hlack-hluei Guajacum; 
brown: the other resins. 

\ Bromine-solution, added to the chloroform extract, produces either immediately or 
after somt timo a. red colour : Peruvian Guajacum; cherry-red: white Peru- balsam ; 
red-violet: common Myrrh, Caranna (o.ne sample), resin of Xanthorrhm arborea\ 
yellowish changing to violet and blue : Copaiba- balsam from Maranham and Para ; 
blue : Guajacum, Caranna, Ceradia-resin, Euryops-resin ; brown : the rest. 

Bromine- solution^ added to the chloroform-extract, throws down the resin in 
flocks : Shellac, Australian Copal. 

Sodium Carbonate solution Kt ordinary temperatures is coloured violet hy 
Shellac; crimson by Sonora-lac; yellowish or yellow-red by common Asa fcetida, 
Dragon's-blood from Pterocarpus Draco^ £uphor&um, Guajacum (greenish at first), 
Gamboge, Xanthorrhcearrcsins ; yellowishf brownish^ or not at all by the rest. 

Sodium Carbonate solution at boiling heat is coloured violet by Shellac; 
yellow by Asa fcetida. Benzoin, Eupliorbiura, Dragon’s-blood, Guajacum, black Peru- 
balsam, Sandarac, Storax-balsam, Xanthorrhoea-resins ; yellowish^ broumishf or not at 
all by the rest. 

From the extracts obtained with sodium carbonate at ordinary temperatures. 
Acetic acid throws down flocks: Conifer-resins and balsams, Guajacum, Gamboge, 
Podocarpus-resin, Sandarac, Xanthorrhcea-resins. Acetic acid throws down nothing 
or produces only a slight turbidity : the rest 

UmbeUiferone is obtained by the dry distillation of : Asa faetida, Afriwin Am- 
moniacum, Galbanum, Sagapenaih. 

Sulphur may be detected in Asa fcetida. Bdellium, some sorts of Caranna and 
Dragon’s-blood. 

Cinnamic add is contained in Benzoin from Sumatra, Dragon’s-blood, Liquid- 
ambar-balsam, black Peru-balsam, Tolu-balsam, red Xanthorrhcea-resin. 

The Petroleum-ether extrewt is coloured deejo yellow in the. case of : Gamboge, 
Euryops-resin ; dark brown : Mani-resin ; yellowish or colourless : the rest. 

Iodine-solution gives with the petroleum-ether extract a clear violet mixture: 
Benzoin, Indian Bdellium, Dragon’s-blood, Shellac, Guajacum, Galbanum, Peruvian 
Guajacum, Indian Myrrh, yellow XanthorrhaDa-resin, resin of Xanthorrhaa qaad- 
rangulare\ red violet mixture, eXmt hat afterwards becoming turbid: (.’opal, 

Dammar (some samples), Mastic, Gamboge, black Peru-balsam, Podocarpus-rcsin, 
Sandarac, Storaz-balsiim, resin of Xanihorrhoia arboracea ; brown and turbid mixtures : 
the rest. 

Sulphuric acid colours the evaporation-residue of the Petroleum-ether extract 
crimson: Benzoin from Siam, Guajacum; no coloration: Shellac, Podocarpus-resin ; 
yellow or brown ; the rest. 

Chloral-reagent* colours the residue gradually violet: common Myrrh, 
Caranna, Euryops-resin; crimson changing to violet: white Peru-balsam; rose-coloured 
changing to violet : Levantine Galbanum (old commercial sample), Levantine Saga- 
penura ; yellowish or greenish changing to red violet : Canada-balsam, Conifer-resins 
and balsams ; yellow : Caranna, Gamboge ; green : Dammara viridis, Persian Gal- 
banum, Mecca-balsam, Persian Sagapenum; dull green with rose-coloured edges: 
Levantine Galbanum (sort at present^occurring in commerce) ; greenish : Asa fcetida, 
Indian Bdellium, Benzoin from Sumatra, Persian Ammoniacum, Liquiilambar-balsam, 
black Peru-balsam ; blue into violet : balsam of Liquidambar styraciflua ; no coloration 
or very faint : the rest. 

The evaporation-Tesidue after being heated to 120° is either soft or fiuul : Asa fcetida^ 
Benzoin from Sumatra, Liquidambar-balsam, Opoponax, black Peru-balsam, Tolu- 
balsam, Sagapenum, Storax-balsam. 

Colophony. Processes for separating common rosin, or colophony, from fatty 
acids, are described by C. Barfoed (ZcUschr. anal. Chem, 1875, 20; Chem. Soc. J. 
xxix. 771). For qualitative examination, the foIlo\ving methods may bo adopted : 

1. The mixture is dissolved, with aid of heat, in alcoliol of 70 per cent, and then left 
to cool, whereupon the fatty acids separate out while the resin remains dissolved. 

2. The mixture is heated with an alcoholic solution of sodium carbonate (7 vols. spirit 
of 30 per cent, and 1 vol. of a solution of 1 pt. crystallised sodium carbonate in 3 pts. 
water) till it is dissolved, and then left to cool, whereupon the sodium salts of the 

* An Impure chloral hydrate obtained by saturating alcohol with chlorine, mixing the product 
with 4 vols. strong sulphuric acid, stirring up the solid mass which separates with one-third of its 
weight of water, and distilling. 

VoL. VIU. * 5 U 
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fatty acids separate, while the sodium resinate remains dissolved. 3. The mixture 
dissolved in alcohol is mixed with an alcoholic solution of calcium chloride and 
ammonia. The fatty acids then separate as calcium salts, while the calcium 
resinate remains dissolved in the alcohol. 4. The mixture is dissolved in the requisite 
quantity of soda-ley, the solution evaporated to dryness on the water-bath, and the 
residue treated with a mixture of 1 vol. alcohol of 98 per cent, and 5 vols. ether ; in 
this case only the sodium resinate is dissolved. If any notable quantity of oleic acid 
is present, together with the stearic and palmitic acids, complete separation can be 
effected only by the fourth method, care being taken also that the solution containing 
soda be evaporated to complete dryness, and that the ether-mixture be prepared with 
absolute alcohol and ether. 

The fourth method may be advantageously employed for quantitative estimation. 

ColophtballDf C'*H**. This name is given by P. Curie {Chem, News, xxx. 189) 
to a solid hydrocarbon occurring amongst the products of the dry distillation of 
colophony. It is prepared by heating 100 pts. colophony with 50 p's. sulphur at 
400^, and purifying the distillate with cold alcohol. Pure colophthalin is a white 
flocculent body having a faint balsamic odour, easily soluble in benzene, turpentine-oil, 
carbon bisulphide, ether, boiling alcohol, and boiling glacial acetic acid ; it molts at 70 ' 
and boils at 400^. 13y oxidising agents it is converted into oxycolophthalin, 
C“H*0, by chlorine into chlorocolophthalin, C"1PCP; by hot nitric acid i to 
nitrocolophthalin, which, w'hen boiled with alkaline leys, gives off all its nitrogen 
as ammonia, and is converted into a compound called by Curie, colophulmic acid. 
These derivatives of colophthalin, when fused with caustic potash, yield a substance 
resembling alumina, and called colophalumina, which is insoluble in water, alcohol, 
and ether, infusible, non-volatilo, and is said not to be decomposed by chlorate or 
nitrate of potassium even at 1000*^. Curio represents its composition by the formula 
C^“H*0*. By chlorine at a red heat, it is converted into chforocolophalumina, C‘®H^Cr-0*, 
and by fusion with potash into colfjphaluminic acid, 

RBSORCXKOXi, C^Il^OH)^ [1 : 3]. This compound is formed by the action of 
melting potash on all the three modidcutions of monobromophenol (Fittig a. Magcr, 
Ber, viii. 362), in like manner from ^-chlorophenol (Faust, Ber. vi. 1022), and from 
/)-iodopheDol at temperatures above 166® (Nolting a. Wrzesinski, ibid, 820). Its 
formation from para- and ortho-derivatives must take place by atomic transposition, 
and shows that resorcinol is the most stable of the three modifications of dihydroxy- 
benzene. Nblting a. Wrzesinski find, indeed, that para-iodophenol, when fuB*!cl with 
potash, yields quinol at 165°, and resorcinol at higher temperatures. Resorcinol is 
also formed by the action of sodium-amalgam on paranioriu, and, together with the 
latter, by the dry distillation of morin (p. 1337); further, together with protocatechuic 
acid and volatile fatty acids, by the action of melting potash on hydrocarotin (Brimmer, 
N. Rep. Pharm, xxiv, 641). 

On the preparation of Resorcinol from Brazilin, see rii. 1040. 

On the manufacture of Resorcinol, Eosin, and other resorcinol-derivatives, see 
Bindschedler a. Busch {Chem. News, xxxviii. 226 ; Chew. Soc. J. xxxvi. 291). 

Resorcinol is most readily purified by crystallisation from pure anhydrous benzene. 
It dissolves easily therein when heated, and crystallises almost completely on cooling 
in large transparent perfectly colourless needles, or by spontaneous evaporation in 
very large wcll-developod rhombic prisms, havipg tho aspect of crystals of nitre or 
urea (Fittig a. Mfiger, Ber. vii. 1177 ; viii. 365). 

According to Calderon {Compf. rend, Ixxxiv. 779), the crystals of resorcinol are 
orthorhombic, and exhibit the combination oo P . t oo ; or sometimes oo P . oo f 2 . f oo . 
Axes alb: c=s 0*912326 : 1 : 1*0587677. Thu crystals are often elongated in tho 
direction of the axis a, and hav»? sometimes the appearance of a perfect octohedron. 
Resorcinol molts at 118®, boils at 276*6® under a pressure of 759’7 mm., between 
20()® and 210° under a pressure of 7 mm., and decomposes at 300°. Its vapour- 
density, determined by Dumas’ method under reduced pressure, gave, as a mean of 
two experiments, 3*862 instead of the theoretical number 3*8078. The density of 
solid resorcinol, taken in carbon sulphide, was found to be 1*2728 at 0°, 1*2717 at 15°. 
Coefficient of expansion, 0*00007868 between 0® and 15®; for the liquid between 118° 
and 178°, uniformly 0*0007114. The molecular volume calculated for liquid resorcinol 
between 118® and 178° varies from 92*26 (at 118°) to 96*196 (at 178®). Calculation 
gives for the molecular volume of liquid<'r68orcinol at 0°, the number 86*43, and for 
the solid 85*13, showing a difference of 1*3 ; the molecular volume at the boiling point 
is 103*17. A comparison of the molecular volumes of resorcinol, phenol, and benzene 
at 100® gives the following results; 
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Benzene • 
Phenol 
Besoicinol . 


Bp. gr. Mol. Tolnme 

0- 7938 98-26 

1- 0128 92-9 

1*2076 9-109 


For the densities of solutions of resorcinol containing 1, and 1^ eq. in a litre, 
Calderon (Compt. rend. Ixxxiv. 1164) finds the following numbers — 


Content 

inlL 


ieq. 
1 eq. 
IJoq. 


Density 


at 0° at 10° at 100° 

1011-48 1011 11 964-06 

1023-17 1023-23 976*64 

1034-06 1033-32 987*41 


Reactiona, 1. Oxidation . — Resorcinol is oxidised by fusion with soda, and on dis- 
solving the melt in dilute sulphuric acid, exhausting tho acid solution with ether, and 
evaporating the latter, phloroglucinol, crystallises out to the amount of 

60-70 per cent, of the resorcinol. Tho mother-liquor yields with lead acetate a yellow 
precipitate, which, when decomposed by hydrogen gulphide, yields a syrupy liquid, 
decomposing when distilled, with formation of catechol. Tho filtrate from the lead 
precipitate contained a small quantity of unaltered resorcinol, but consisted chiefly of 
phloroglucinol and tetroxydiphenyl, in the form of a crystalline powder or 

long colourless needle-shaped crystals not melting at 250° (Barth a. Schreder, Ber. 
xii. 603). 

2. Resorcinol subjected to oxhaustivo chlorination in a stream of chlorine, with 
addition of a little iodine (p. 1066), yields perch loromethane, CCP, together with 
carbon dioxide (Ruoff, Ber. jl.* 1483). 3. Treated in aqueous solution with iodine 
chloride till iodine separates out, it is converted into tri-iodoresorcinol, together 
with a brown substance insoluble in carbon sulphide (Michael a. Norton, Ber. ix. 
1762). 4. Svlphuryl chloride, SO’Gl^ converts resorcinol into mono- and di-chloro- 
rosorcinol (p. 1748). 6. With chloroform and a caustic alkali, it yields resorcinol 

aldehydes (p. 1751). 6. Resorcinol, heated to 160°- 160° with strong sulphuric acid, 
is converted into resorcin oldisulphonic acid; at 200° fuming sulphuric 
acid, into resorcinoltrisulphonicacid (Piccard a. Humbert, p. 1762). J. Anna- 
hoim (JSer. x. 976), by heating resorcinol (22 pts.) with fuming sulphuric acid (9*8 pts.) 
for an hour or two at 120°-130°, obtained a deep red substance, changing as it cooled 
to a solid mass having a green metallic reflex. On boiling it with water, the greater 
part remained undissolved in the form of a resinous sulphuretted body, which dis- 
solved with red colour in alcohol, glacial acetic acid, and alkalis, the solutions, 
especially that in ammonia, exhibiting a splendid huorescence. Tho rod colouring 
matter may bo separated from the alcoholic solution by water, and from the alkaline 
solutions by acids. With bromine and iodine it forms compounds which are likewise 
fluorescent. 7. When 1 mol. resorcinol and 2 mols. oxalic acid are heated together 
in a sealcil tube at 200° for two or three hours, a mass is formed which, when diluted 
with a little alcohol and poured into water, yields a flocculent precipitate purifiable 
by solution in alcohol and reprecipitation by water. This substance, which has the 
composition and may perhaps be represented by the constitutional formula 

C“H*O.CO.C®lI*(OH)‘‘*, is a fine red powder, very hygroscopic, easily soluble in alkalis 
with green fluorescence, soluble also in glacial acetic acid and in alcohol, and precipi- 
tated unchanged from its alkaline solution by acids. It has not been obtained in the 
crystalline state. Acetic anhydride converts it on boiling into an acetyl-dcrivative, 
C'*II^(CTr*0)0*. A brominated derivative is formed by adding bromine to its alkaline 
solution (Clans a. Andreje, Ber. x. 1306). 

8. Resorcinol, treated with oxalic acid in presence of dehydrating agents (sul- 
phuric acid, phosphoric anhydride, glycerol), yields two colouring matters having the 
composition C-*H®0*, one of which is light yellow, insoluble in alcohol, easily dissolved 
by potash-ley, forming a solution which exhibits green fluorescence, w-hilo the other is 
a dark brown mass, soluble in alcohol, and dissolving in potash-ley with brown colour 
but without tho slightest fluorescence (Gukassianz, Ber. xi. 1184). 

9. A solution of resorcinol, mixed with cupric sulphate, yields, on addition of 
ammonia in quantity sufficient to rodissolve the precipitate at first produced, a deep 
black liquid with which wool and silk may bo dyed black (R. Wagner, Dingl. pol. J. 
eexx. 96). 

10. Resorcinol introduced into the animil organism is converted into a sul phonic 
acid, which is eliminated in the urine (Baumann a. Herter, Ber. ix. 1747 ; Zeitschr. 
physiol. Chem. i. 244). 

Bromorenorolnola. These compounds have been studied by Liebermann a. 
Bittlep {Ber, v. 1090, and this Dictionary, vii. 1042), and further details respecting 

6 u 2 
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them are given by the same authors in a later communication {^Liebig's AnnaUn, 
clxix. 252). 

Peniahromotesorcinol, C*HBp* 0® crystallises, according to Bammelsbeig's 
measurements, in the dimetric or quadratic system, exhibiting the combination 
ooPoD . OP . P. Axial ratio a ; c = 0 6076 : 1. Angle 'P : F = 98® 58'; P' : 

133® 30'; P : 0P= 113° 15'; P .* ooPoo = 130'^. The faces oo Poo are small and in- 
complete in number. 

The liquid obtained by dissolving colourless pentabromoresorcinol in cold alcohol 
is yellow, as if from separated bromine, and on adding to it an aqueous solution of 
potassium iodide and then carbon sulphide, the latter immediately becomes purple, as 
from separated iodine. When an alcoholic solution of silver nitrate is added by drops 
to an alcoholic solution of pentabromoresorcinol, rather more than 1 mol. bromine is 
thrown down as silver bi*omide from 1 mol. pentabromoresorcinol. 

Tribromoresoguinonc, C®HBr*0‘‘* (vii. 1042), formed by heating pentabromoresorcinol 
at 150®-160®, is insoluble in water, easily soluble in alcohol, sparingly in ether, 
carbon sulphide, benzene, and chloroform, and crystallises therefrom in needles. It 
decomposes at 190"', but remains for the most part unaltered when treated with 
sodium-amalgam, or when sulphur dioxide is passed into its alcoholic solution heated 
to 50°-60®. It resinises when heated with aqueous sulphurous acid at 140°, and with 
hydriodic acid at a higher temperature. It unites with 1 mol. bromine, reproducing 
pentabromoresorcinol (Liebermann a. Dittler). 

From experiments by H. Claassen (Ber. xi. 1438), it appears that of the five 
bromine-atoms in pentabromoresorcinol, three are more stable or less easily removed 
than the other two: thus pentabromoresorcinol boibd with formic acid yields 
CO*, HBr, free bromine, and tribromoresorcinol ; With aldehyde, it yields HBr 
and tribromoresorcinol; and with acetic anhydride, tribromodiacetylresorcinol, 
C*HBr’(OC‘-H*0)*. This fact of the easier removal of two out of the five bromine- 
atoms in pentiibromoresorcinol, renders it probable that this compound is correctly 
represented by the formula C*HBr*(OBr)* 

Pentabromoresorcinol is converted % reduction with tin and hydrochloric add 
first into tribromoresorcinol, C*HBr*(OU)*, then into rc'sorcinol ; with aniline it yields 
tribromauiline and tribromoresorcinol; wilh phenol ^ tribromoresorcinol and tribromo- 
phenol (Benedikt, Ber. xi. 1599). 

Tctrahromoresorcinol, C*Br\ OH)*, formed by heating pentabromoresorcinol 
with strong .<<ulphuric acid, melts at 163®, dissolves readily in hot alcohol, ether, 
chloroform, and alkalis, sparingly in water, and when boiled with acetic anhydride, 
yields t-etrabromodiacetylresorcinol, C®Br\OC*lPO)*, which is insoluble in 
water, easily soluble in hot alcohol and in ether, and molts at 169®. 

Trihromomonacetyl-reeorcinol, C®HBr*(OH)(OG*H*0), is prepared by treat- 
ing 1 pt. diacetyl-resorcinol with 5 pts. bromine and 40 pts. water, and separates 
from solution in carbon sulphide in small transparent crystals, which melt at 114®, 
and are converted by boiling with aqueous potash into tribromoresorcinol, and by 
acetic anhydride into tribromodiacetyl-resorcinol, C*HBr*(00*H*0)*. 

C**H*BrXOH)<«(OH)*HBr*C»— C«Br*H(OH)*, pre- 
pared by boiling tribromoresoquinone with tin and hydrochloric acid, crystallises 
from glacial acetic acid in rose-red needles, easily soluble in alcohol and ether, de- 
composing at 280°, and reduced by sodium-amalgam to an amorphous non-brominated 
compound which, when distilled over zinc-dust, yields diphenyl (Benedikt, Ber. xi. 
2168). 

Cliloro-resorcinols (Reinhard, J.pr, Chem, [2], xvii. 321 ; Claassen, Ber, xi. 
1438). Monochlororesorcinoly C®H*Cl(OH)®, formed by adding an equivalent 
amount of sulphuryl chloride, drop by drop, to resorcinol dissolved in absolute ether, 
and distilling, is a white crystalline body, melting at 89®, but beginning to sublime at 
75®, and distilling at 265°-256®. It is soluble in water, alcohol, ether, benzene, and 
carbon bisulphide : its aqueous solution slightly reddens litmus paper. It is attacked 
by warm dilute nitric acid, with evolution of chlorine and nitrous acid, and formation 
of a hard resinous mass. With ferric chloride it produces a blue-violet colour, 
becoming brown on heating. It reduces ammoniacal silver solution, and seems to 
form a veiy imstable potassium derivative, C®H*Cl(OK)*. Ho derivatives of it could 
be obtained by fusion with potassium hydrate or cyanide. The action of bromine 
upon its aqueous solution at 80® gi ves rise to monochlordihronwresorcinolt C®HBr*Cl(OH)*, 
which cmtallises in slender brilliant needles, melting at 105®. ThBhenzoyl-derivativet 
C*H*C1(0C'H®0)*, produced by the action of benzoyl chloride upon monochlororesorcinol, 
crystallises from hot alcohol in small hexagonal needles, melting at 98®, and, when 
saponified, yields a benzoate and the original monochlororesorcinol. 
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Dichlororeaoreinolt C*HK!l^(OH)^ is obtained by rubbing together in a basin 
resorcinol and sulphuryl chloride, in the proportion of 1 to 2 mols., heating after 
addition of a very little more sulphuryl chloride, and subliming two or three times. It is 
very soluble in water and other ordinary solvents, and is obtained by evaporation of 
its aqueous solution over sulphuric acid, in welbformed rhombic prisms, readily 
efflorescing in air, melting at 77°, and boiling at 249°. I)ichlormmAr<moresoreino\ * 
C*H®BrCr‘0*, is obtained by the action of bromine upon dichlororesorcinol, and the 
henzoyl-derivatwe^ C*H*C1*(0C’H*0)*, by the action of benzoyl chloride : the former 
melts at 100®, the latter at 127°. 

Sulphuryl hydroxychlorido, SO’Cl(OH), acts energetically on dichlororesorcinol 
with formation of a white solid, consisting of microscopic rhombic crystals, soluble in 
potash and in potassium carbonate solution (in the latter case with evolution of carbon 
dioxide), but insoluble in water, alcohol, and ether. This substance has the empirical 
formula, C'*II*C1^S'‘*0®, and probably the structural formula, 

C“HCl*(OH)2SO*— 0— S02(0H)2C»H01>. 

By decomposing a solution of this body in potassium carbonate with hydrochloric acid, 
evaporating on the water-bath, and crystallising from alcohol, the corresponding acid, 
C*lICl*(SO*fl)(OH)*, was obtained as a white powder, soluble in water and in alcohol, 
and decomposed by sulphuryl hydroxjrchloride into the anhydride and water. The in- 
soluble barium salt was obtained by boiling the anhydride with Iwiryta-water, or by 
precipitating a solution of the anhydride in potassium carbonate with barium chloride. 

TricAiororesorctwo/, C®HCl*(OH)*, is obtained by gradually adding to resor- 
cinol about six times its own weight of sulphuryl chloride, heating for some hours in 
a flask fitted with a reversed c«<ifdenser, distilling off the excess of sulphuryl chloride, 
drying in a vacuum over potash, and repeatedly crystallising from hot water. It 
forms small brilliant needles, readily soluble in alcohol and in other, melting at 83°, 
but subliming only with partial decomposition. 

jjiy treating an aqueous solution of resorcinol with excess of chlorine, a trichloro- 
resorcinol was obtained, melting at 73®, Eeinhard regards this body as identical 
with that obtained by the action of excess of sulphuryl chloride upon resorcinol, 
attributing the difference between the melting points to small amounts of impurities. 

Trichlororcsorcinol forms a hi/nzoyl-derivative^ C“IIC1*(0C’H*0)* which melts at 
133°. Sulphuryl chloride, heated with trichlororcsorcinol in a sealed tube, reacts 
upon it at 160®, probably forming tetrachlororesorcinol, which, however, has not yet 
been obtained in the pure state (Eeinhard). 

Pentachlororesorcinol, somewhat more stable than the corre- 

sponding bromine-compound (p. 1748), not being .altered by heating either alone or 
in contact with aldehyde or formic acid ; a strong solution of acid potassium sulphite, 
however, converts it into a trichlororesorcinol, which crystallises from water in 
w'hite needles melting at 69® (comp. Eeinhard, supra), and dissolving readily in 
alcohol, ether, and hot water (Claassen). 

Trl-iodoresorcinol, C®H1’(0H)^ is formed, together with a brown substance 
insoluble in carbon sulphide, when iodine chloride is added to an aqueous solution of 
resorcinol. It is insoluble in water, moderately soluble in glacial acetic acid, easily in 
carbon sulphide, alcohol, and ether, and crystallises in long needles having a faint 
rose-colour, and molting at 148° (uncorr.) When heated above 190®, it sublimes and 
decomposes, giving off vapours of ic^ine. By alkalis, alkaline carbonates and aniline, 
it is dissolved with brown colour and at the same time decomposed (Michaera. Norton, 
Bcr. ix. 1782). 

Binltrosoresorolnolf C®H^(NO)^(OH)^ (A. Fitz, Ber. viii. 631). This compound 
is prepared by adding to 1 mol. resorcinol dissolved in fifty times its weight of water 
and cooled to 0®, first 2 mols. acetic acid and then rather more than 2 mols. potassium 
nitrite dissolved in water, whereupon,* after a few minutes, the green acid potassium 
salt of dinitrosoresorcinol begins to separate, perhaps mixed with free dinitrosorcsor- 
cinol, to judge by the darkening of the liquid. On pouring the mass, after a quarter 
of an hour’s rest, into 2 mols. dilute sulphuric acid, free dinitrosoresorcinol separates 
in yellowish flocks, which, after standing for an hour, may be collected on a filter, 
well washed, and crystallised from water, or better from hot alcohol of 60 per cent. 
The solution becomes dark from oxidation, and on cooling deposits the nitroso-compound 
in yellowish-grey, or yellowish-brown, shining crystalline laminae, which have the 
composition C®B[*(NO)*(OH)* + 2H*0, suffwr but little loss of weight at 100°, but 
detonate at 116®. They are but sparingly soluble in cold water, alcohol, methyl 
alcohol, or acetone, more soluble in these liquids when hot, insoluble in ether and in 
benzene. From hot alcohol, dinitrosoresorcinol separates in the amorphous state. 
The hot solutions oxidiso very readily when exposed to the air. 
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Dinitrosoresorcinol is a moderately strong acid, decomposing carbonates com- 
pletely and acetates partially. Its salts are amorphous, excepting those of 
potassium, sodium, ammonium, and calcium. TIio odid sodium salt is prepared by 
drenching dinitrosoresorcinol with a small quantity of water, adding the requisite 
quantity of soda-ley, and passing carbon dioxide through the solution for some time ; 
the salt then separates in the form of a slightly soluble dark green crystalline powder. 
The am/nonium salt, 0'*H*(NOy\OIl)(^ONH‘*), is a greenish-brown powder ; the corre- 
sponding potassium salt, a light green, slightly soluble crystalline powder. The other 
salts are obtained from the acid sodium salt by precipitation, barium chloride giving a 
green precipitate soluble in dilute acetic acid ; calcium chloride a greyish-green crys- 
tiilline precipitate, sparingly soluble in water, soluble in dilute acetic acid ; silver 
nitrate a grey flocculont precipitate ; lead acetate a brown-red flocculent precipitate ; 
cupric sulphate a brown-red ; sine sidp/zate a flocculont ; 7nercurous nitrate a brown- red ; 
ferrous sidphate a blue-green precipitate. Ferric chloride gives at first a deep green 
coloration, then a dark green precipitate. The normal alkali-salts are easily soluble; 
the other salts, both normal and basic, are amorphous and sparingly soluble. 

Nitric acid, even when dilute and cold, converts dinitrosoresorcinol into trinitro- 
rcsorcinol; potassium ferricyanide and permanganate raise it to a higher stage of 
oxidation or bum it up completely, lly tin and hydrochloric acid, on the other hand, 
it is very ea.sily reduced to diamidoresorcinol {infra). With acetic anhydride, aniline, 
alcohol and glacial acetic acid, alcoholic hydrochloric acid, and with resorcinol and 
strong sulphuric or glacial acetic acid when heated, dinitrosoresorcinol forms brown 
resinous products. Its alcoholic solution is coloured a deeper yellow by nitrous acid, 
but the compound itself remains unaltered. 

Diamidoreflorcinol, C^H-(NH^)‘OH, is formed,' ds above mentioned, by reducing 
the dinitroso-compound with tin and hydrochloric acid. The resulting hydrochloride, 
which acquires a dark brown colour, is best converted into the more stable sulphate, 
which separates on addition of sulphuric acid, and more quickly if alcohol be like- 
wise added, in slightly coloured needle-shaped crystals having the composition 
C'*H-(NlI-’)‘*\OH)^SOUr^+ IJH-O, and giving off their water at 100*^. The base, 
when separated by alkalis, immediately turns brown and decomposes on exposure to* 
the air. With ferric chloride it produces a line blue colour, quickly changing to dirty 
brown (Fitz). 

Trinitroresorcinol, or Stypbnle Acid, C'^H(NO^)’(OH)^, is formed, together 
with three dinitrobenzoic acids, when orthonitrobenzoic acid is gradually added to a 
warm mixture of equal parts of fuming nitric and sulphuric acids (Griuss, p. 267). 
The .styphnic acid thus obtained agrees in its melting point (176^) and the composition 
of.its barium salt, C'*H(N0'“)®0*Ba-t- 3II*0 (small yellow rhombic prisms very slightly 
soluble, even in boiling water, and giving off their crystallisation-water at 200®) with 
that described by Stenhouse (vii. 1044). H. Salkowski (Ber. viii. 637), on repeating 
the nitration of orthonitrobenzoic acid in the manner described by Griess, obtained a 
barium salt of styphnic acid containing only 1 mol. H^O, and crystallising in small 
orange-coloure 1 scales, nearly insoluble in water even at the boiling lieat. 

Merz a. Zett(?r {Ber. xii. 681) prepare trinitroresorcinol by heating resorcinol with 
excess of sulphuric acid at 100®, and adding to the resulting sulphonic acid first 
slightly diluted, then concentrated nitric acid, and finally an excess of fuming nitric 
acid. On pouring the product after a while into cold water, the trinitro-compound is 
thrown down in the pure state. Trinitroresorcinol is also formed by prolonged lx)iling 
of ostruthin with dilute nitric acid (Gonip-Besanez, Liebifs Annalcn, clxxxiii. 321), 
and in theoretical quantity by the continued action of strong nitric acid at the boiling 
heat on metanitrophenol (A. Bantlin, Ber. x. 624). 

Metbyl-resorclnols (J. Habermann, Ber. x. 867). The two metliyl-ethcrs of 
resorcinol are easily prepared by heating an intimate mixture of 1 mol. of resorcinol, 
2 mols. of potassium methylsulphate, and 2 niols. of potassium hydroxide with a 
little absolute alcohol, for four to five hours, at 160®. The product is acidulated with 
sulphuric acid, and exhausted with ether, and after the latter has been driven off, the 
residue is distilled with water, the dimethyl-ether then passing over, while resorcinol 
and the monomethyl-ether remain behind. The two compounds are extracted by 
ether, and separated by fractional distillation. 

Monomethylresoroinol, C*HXOH)(OCn*), is a colourless or pale yellow, very 
refractive liquid, which is moderately soluble in cold, more freely in hot water and 
dilute alcohol, and mixes in almost every proportion with absolute alcohol and ether. 
It has only a faint odour, but its dilute alcoholic solution has an aromatic but not 
agreeable smell. Its aqueous solution tastes sweetish and burning, and is coloured 
violet by ferric chloride. Methyl-resorcinol boils at 243®-244®, and at - 1 7 6 ®becomos 
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Tiscid, but does not crystallise. With alcoholic potash it forms a thick syrupy mass, 
which turns reddish brown when exposed to the air. 

Dimethyl^rescrcinolf C*H^OCH*)*, is a colourless rofrsctivo oil, very much 
like the monomethyl -derivative, heavier than water, very slightly soluble therein at 
ordinary temperatures, but dissolving easily at the boiling heat, and very easily in 
alcohol and ether. It becomes somewhat more viscid at —17*5°, and boils at 214°- 
216°. Vapour-density, obs. »= 4*7050; calc. 4*7781. Its aqueous solution is not 
coloured violet by ferric chloride. 

Chlorodimethyl-resorcinolt C“ll"C10* = C*IPCl(0CH*)*, is produced by passing 
chlorine gas into a solution of dimethyl-resorcinol in glacial acetic acid, the opera- 
tion being stopped at the moment when the liquid assumes a deep yellow colour. On 
leaving tlie solution to evaporate in a vacuum over quicklime, the monochloriniited 
compound is obtained in long limpid well-defined needles, which may be purified by 
filtering, washing with glacial acetic acid, pressure between filter-paper, and recrys- 
talli-'-ation from alcohol. This compound melts at 118°, dissolves sparingly in ghicial 
acetic acid and in cold alcohol, easily in ether and in boiling alcohol. DichlorodimethyU 
resorcinol t C*II*CP(OCH*y‘*, produced by the further action of chlorine, is a liquid 
insoluble in water, somewhat soluble in alcohol, easily soluble in ether and in glacial 
acetic acid (Hdnig, Ber. xi. 1039). 

Libromodimethylr^esorcinol^ C®II*Br*(OCH*)* is obtained by dropping a solution of 
bromine in glacial acetic acid into dimethyl-resorcinol dissolved in the same acid, till 
the colo’ir of the bromine-solution no longer disappears. The product, wdiich crystal 
liijes out on standing, melts at 137°-138°, dissolves sparingly in alcohol and glacial 
acetic acid, easily in ether, and^ forms transparent shining ciy’stals belonging to the 
orthorhombic system (Hdnig). 

Vinitrodimethyl-resorcinolt C®lP(NO*)*(OCH*)*, is formed by adding to dimethyl- 
resorcinol diluted with glacial ncetic acid, an equal volume of nitric acid of the 
ordinary strength. On leaving the solution at rest for about ten minutes and then 
shalcing it with ether, the dinitro-compound dissolves in the ether, and maybe purified 
by evaporating the ether, dissolving the residue in alcohol, and precipitating with 
water. It forms small red-brown crystals insoluble in water, soluble in alcohol and 
ether, melting at 07°. TrmitrodimethyUresfyrcinol, C‘‘n(NO’'')’(OCH*)*, prepared with 
dimethyl-resorcmol, fuming nitric acid, and strong sulphuric acid, crystallises from 
alcohol in nearly colourless laminae melting at ri3°-124°, insoluble in water, easily 
soluble in alcohol and ether (Hdnig). 

Aldehydes derived from Resorcinol (Tiemann a. Lewy, Ber. x. 
2216). These compounds are formed from resorcinol in the same manner as salicylic 
and paraoxybenzoic aldehydes from phenol, and vanillin from guajacol (pp. 303, 305), 
namely by the simultaneous action of chloroform and an alkaline hydroxide. The 
diatomic phenols, however, mostly unite with the aldehydes formed from them, pro- 
ducing colouring matters, much more readily than the monatomic phenols ; and to 
prevent this combination, it is necessary, in preparing aldehydes from these diatomic 
phenols, to work with more dilute solutions and with a larger excess of alkali and 
chloroform. 

The resorcinol aldehydes are prepared by treating 6 grams of resorcinol with 
80 g. sodium hydroxide and 500 to 600 g. water, and then adding 80 g. chloroform, 
the mixture being heated in a refiux apparatus, gently at first, afterwards more 
strongly, acidulated with sulphuric acid after all the chloroform has been decomposed, 
and finally distilled in a current of steam. The distillate then deposits slender 
needles consisting of 

Resorcene-dialdetayde, G*H^OH)^COH)^ which dissolves easily in alcohol, 
ether, benzene, and chloroform, and may be separated from its solution in ether by a 
solution of acid sodium sulphite. It is nearly insoluble in cold water, crystallises 
from a large quantity of hot water in thin needles, melts at 127°, and sublimes at 
110°. The aqueous solution is coloured rod-brown hy ferric chloride. The dialdehyde 
dissolves in alkalis, forming a yellow solution from which it is precipitated by acids. 
Its ammoniacal solution gives with lead acetate a white precipitate, and with cupric 
sulphate a green precipitate soluble in ammonia. The alcoholic solution of the 
dialdohyde, mixed with aniline, immediately deposits needle-shaped crystals melting 
at 199°. Melting potash converts it into an acid — probably resorcene-dicarboxylic 
acid — which dissolves easily in water, alcohol, and ether, crystallises from water in 
white slender needles, and melts at 192°, being resolved at the same time into carbon 
dioxide and resorcinol. 

Reioroyl AldebydOi C^H’(OH)>COH, formed simultaneously with the dinlde- 
hyde just described, nnd remaining in the liquid from which the latter has been 
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removed by a current of steam, may be extracted from this liquid by ether, after 
removal of a red amorphous colouring matter— and freed from unaltered resorcinol by 
combination ^ith acid sodium sulphite, or by respystallisation from hot benzene. It 
dissolves readily in water, alcohol, ether, chloroform, and glacial acetic acid, sparingly 
in benzene, and crystallises from water in yellowish needles melting at 134°-136®. 
The aqueous solution is coloured red-brown by ferric chloride. Besorcyl aldehyde is 
extremely unstable, and is converted by dehydrants or by prolonged exposure to the 
air into red amorphous bodies. Its conversion by oxidation into an acid of corre- 
sponding constitution takes place only after the introduction of ethyl into the hydroxyl- 
groups. 

DiethyUresorcyl Aldehyde^ C®H*(OC*H‘)*COII. is easily formed by the Jiction of 
ethyl iodide (2 mols.) and KOH (2 mols.) on resorcinol (1 mol.) It ciystalh'ses in 
shining plates, melts at 71°-72°, dissolves easily in alcohol and ether. By oxidation 
with potassium permanganate in aqueous solution, it is readily converted into the 
corresponding acid, C"H*(OC“H*)-COOH (diethyl-resorcyl- carboxylic acid), which 
crystallises in small needles, melts at 99^, and forms well-crystallised slightly soluble 
salts with barium and calcium. The land salt is a white amorphous precipitate; the 
copper salt a greenish-blue precipitate easily soluble in ammonia. 

Kesorcyl aldehyde, heated with sodium acetate (1 pt.) and acetic anhydride 
(3-5 pts.), is converted into acetoxycoumarin or jS-acetumbelliferono : 

= C«H*^0 , 

\CH=iCH— CO 

which crystallises in large faintly yellowish prisms melting at 140°, distils without 
decomposition, dissolves but sparingly in w'ater even when hot, easily in alcohol and 
ether. The aqueous solution exhibits a splendid blue fluorescence, but gives no colour- 
reaction with ferric chloride. , 

The formation of acetoxycoumarin renders it very probable that at least one of 
the hydroxyl-groups in revsorcyl -aldehyde occupies the or^Ac-position with respect to 
the COH-group. This compound is not attacked in the cold by alkaline hydroxides 
or carbonates, but dissolves in them when heated, the solutions after acidulation 
yielding to ether a substance which, after purilication, forms white needles, having 
the compo.sition of hydroxycoum arin or i3-umbcllifcrono,* sparingly 

soluble in water (the solution being coloured brown-red by ferric chloride) and decom- 
posing without fusion .at 200°. 

XBSORCZirOXi-OYlSS. See Kesorcinol-phthaleIns, under PhtualeYns 

(p. 1606). 

RBSORCZirOB-SirBPBOirZC ACZBS. On the crystalline form of Potas- 
sium liesoTcinolmonosulphonatc, C®H^(OH)(OS()’K), see Bodewig {Zeitschr. f. Kryst. i. 
584 ; Jahresh.f. Ckem. 1877, 565). 

Resorcinol-disulpkonic acid, C*H®S*0* » C“H*(OH)*(SO*H)*, is formed by 
gradually adding 1 pt. finely pulverised resorcinol to 10 pts. of strong sulphuric acid 
heated to lo0°-160°, dissolving the crystals which separate by further heating at 
190°-200°, and leaving the solution to cool. The vessel then becomes half filled with 
large crystals of the disulphonic acid, which may be collected on a suction-filter and 
washed with strong sulphuric acid. They are colourless, dissolve easily in water and 
in alcohol, deliquesce on exposure to the air, and arc coloured ruby-red by ferric 
chloride. On boiling the aqueous solution with lime, a iieutral calcium salt is obtained 
the solution of which is precipitated on addition of a certain quantity of alkaline 
carbonate ; and on boiling the acid with milk of lime, a basic salt is formed, 
which, like the potassium salt, is too soluble to crystallise well. Barium chloride 
added to the solution of either of these calcium salts throws down the barium salt, 
C®H*(0*BaXSO^)*Ba + 511*0, as a white crystalline precipitate, which does not give 
off all its water even at 200°. Its formation is analogous to that of the basic phenol- 
disulphonate of barium, which Stadeler obtained (vi. 027) from phenoldisulphonate and 
carbonate of barium. An aqueous solution of resorcinol-disulphonic acid absorbs a 
large quantity of bromine, producing colourless silky needles of tribromoresor- 
cinol (Piccard a. Humbert, Ber. ix. 1479). 

"Resorcinol- trisulphonic acid, *C*H(OH)*(SO*H.)*, is formed by heating 
resorcinol-disulphonic acid with fuming sulphuric acid at 200°. To separate it, the 
solution is neutralised with milk of lime, whereby an insoluble basic salt is formed, 

* The hydroxyconmarin and acetoxyooumarin obtained as above, not having yet been shown to 
be identical with the nmbelliferone and acetumbelUferone previously known (v. 988 ; vil. 1186), are 
provisionally distinguished by the preflx /9. 
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and mixes with the gypsum, whilst any disulphonic acid that may still be present 
remains dissolved. The liquid is filtered, the residue boiled with hydrochloric acid, 
and the excess of sulphuric acid precipitated by barium chloride. The strongly acid 
filtrate, in which the barium resorcinoltrisulphonate remains for a while dissolved, is 
mixed with ammonia (whereby impurities are precipitated), but not to the point of 
neutralisation, and then quickly filtered. After a few hours, the clear acid solutioif^ 
begins to deposit the dazzling white crystalline barium salt, the separation of which 
goes on for two or three days ; and a further but less pure salt is deposited on warm- 
ing. This salt, dried at a very gentle heat, has the composition [C®H(OH)2(SO*)*]*Ba* + 
3^11*0. When once deposited, it is no longer soluble in hydrochloric acid. By 
digesting it at 100° in a sealed tube with ammonium carbonate, ammonium resorcin- 
trisulphonate is obtained, whidi forms, with lead and calcium salts, crystalline pre- 
cipitates soluble in acetic acid ; with barium chloride a precipitate insoluble in acetic 
acid. With ferric chloride it produces a deep red-violet, very stable coloration (Piccard 
a. Humbert, Bcr. x. 56). 

RBSORCnreXi OXXBSS or RESORCZITOB BTBWB. Boettinger (Ber. 
ix. 182), by treating resorcinol with sodium hydroxide and CO* obtained an acid pro- 
duct consisting mainly of a red substance soluble in alkalis. Barth 308) obtained 
the same or a similar substance by treating fused resorcinol with sodium and CO*, or 
with sodidm alone,— and in a purer state by the action of hydrochloric acid on resor- 
cinol under pressure. Precipitated from ammoniacal solution by acids, it formed 
light brown flocks, whi(!h when dry exhibited a splendid metallic iridescence, and 
yielded on trituration a powder having a deep red colour. Heated with zinc dust, it 
gave oif benzene, together with a small quantity of diphenyl formed by a secondary 
reaction. The compound thus obtained is a dye-stuff imparting a veiy bright red 
colour to wool and silk. Barth represents it by the formula and regards it 

as a kind of ether of resorcinol. The same substance appears to have been obtained 
by^Barth a. Senhofer {Lichig^s Annalen^ clxiv. 109) by the action of hydriotlic acid on 
diethyl-resorcinol. 

The product of the action of hydrochloric acid on resorcinol has been further 
examined by Barth a. Weidcl {fier. x. 1464), who prepare it by heating 20 grams of 
resorcinol with 26 c.c. strong hydrochloric acid in a sealed tube at 180®, obtaining 
thereby an acid liquid, together with a resin which has a green reflex, and when sub- 
jected to the following treatment yields two lead salts A and B. The air-dried resin 
is treated with alcohol of 90 per cent, which dissolves it slowly but almost completely, 
and the residue may be brought into solution by first dissolving it in ammonia, then 
precipitating with an acid, and treating the precipitate with alcohol. If now the 
united alcoholic extracts be mixed with an alcoholic solution of neutral lead acetate, 
the lead salt A separates out first, and the filtered liquid, freed from alcohol by distil- 
lation and mixed witlj water, yields a mixture of the salts A and B. To separate 
these, they are dried and warmed with alcohol, which dissolves B and leaves A. 

The load salt A is a violet-red powder from which the lead may be removed either 
by dissolving it in glacial acetic acid, and precipitating with hydrochloric acid, or by 
suspending it in alcohol and decomposing it with hydrogen sulphide. In either case, 
the further purification of the substance freed from lead is effected by mixing the 
filtrate with water, after expelling the alcohol, dissolving the washed and dried pre- 
cipitate in ammonia, and reprocipitating with hydrochloric acid. 

The compound thus obtained v^jrcsoTcinyl oxide^ 

C'*H»«0» = C«H«(OH).O.C'»H^(OH), 

formed according to the equation 2C®H®0* =» H*0 + C**n’®0*. After washing and 
drying, it is a brown-red amorphous powder, acquiring by pressure a green metallic 
lustre. It melts at a rather high temperature, is nearly insoluble in water, very 
.sparingly soluble in ether and in cold alcohol, moderately soluble in hot alcohol and 
in glacial acetic acid. It dissolves in strong sulphuric acid without alteration, and in 
aqueous alkalis, forming a solution having an intense dark red colour and green 
fluorescence. The acetyl-derivative^ (C®H®.0C*H*0)*0, may be prepared by treating 
the oxide with acetyl chloride at 100®, and purified by precipitation with water, solu 
tion in alcohol, and reprecipitation with water. It dissolves in alkalis at ordinary 
temperatures without alteration, forming a red-violet liquid; with decomposition 
when heated. The tetralirorrKhderivative^ C**H®Br^O* = (C*H*Br*OH )*0, is formed by 
adding bromine in excess to a solution of the oxide in glacial acetic acid, and may be 
purified by solution in alcohol and reprecipitation with water. Melting potash con- 
verts it into resorcinol. When heated with zinc-dust, it does not yield any definite 
products. 
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Liresorcinyl dioxide^ 

C24H'«0» = 4C«H"02 _ 3H20 == C«H<(OH).O.C«H<.OC«H*.O.C«H«(OH), 

prepared from the lead salt B by the series of processes above described for A, forms, 
when dry, a brick-red amorphous powder, melting at a somewhat higher temperature. 
It dissolrcs very easily in alcohol, ether, and glacial acetic acid, and is somewhat 
soluble in water. Aqueous alkalis dissolve it to a brownish-yellow liquid with violet- 
blue fluorescence. The acetyl-derivative^ pi*eparod like its analogue 

above described, is a cinnamon-brown powder becoming strongly electric when rubbed, 
nearly insoluble in alkalis, very easily soluble in alcohol. The hexhroiniHlerivative, 
C**H**Bp* 0*, prepared as above described, is a light red powder sparingly soluble in 
alkalis, easily in iilcohol and glacial acetic acid. By fusion with potash it yields 
resorcinol (Barth a. Weidel). 

Both of the above-described rosorcinyl oxides, when boiled for some time with 
nitric acid, yield isophthalic acid, a large portion, however, undergoing complete 
decomposition. 

The green fluorescence of nionoresorcinyl oxide may serve as a test for the presence 
of resorcinol. On heating resorcinol with a little hydrochloric acid at 160®-180° for 
a few minutes in a sealed tube, then opening the tube, and adding a few drops of 
ammonia, the green fluorescence will bo perceptible oven in presence of only ^ mg. of 
resorcinol (Barth a. Weidel). 

RliTlSirB, (Ekstrand, BuU. 8oc. Chim. [2], xxiv. 53 ; Liebig's Annaleriy 

clxxxv. 75). This hydrocarbon, originally found in scales on fossil pine-stems in beds 
of peat and lignite (v. 97), occurs also amongst the products of the destructive distil- 
lation of wood (vi. 993), and forms a consiilerable portiftn of the buttery mass obtained 
in the latter part of the distillation of wood tar. From this mass it may be obtained 
in the pure state by pressure at a low temperature, washing with ether, and recrystal- 
lisation from alcohol of 95 per cent, with the aid of animal charcoal. 

Rctene cry.stallises in white laminae melting at 98-5®. Its sp. gr. in the crystal 
lised state is 1*13; after fusion and resolidilication 1‘08. Its vapour-density 
according to W. Knecht (Bcr, x. 2074), is 8*28 (air - 1) ; calc, for C”*!!'*, 8*1. It 
has neither taste nor smell. 100 pts. boiling alcohol of 95 per cent, dissolve 69 pts., 
100 pts. cold alcohol only 3 pts. of retene. (ilacial acetic acid dissolves it readily 
with the aid of heat, and deposits the greater piirt of it on cooling. It dissolves 
easily in ligroi'n, c^vrbon sulphide, benzene, and other, but is insoluble in w'nter. With 
chlorine and hromine at ordinary temperatures it forms addition-products which 
decompose when heated, yielding products of substitution. Retene is but very slightly 
attacked by nitric acid at ordinary temperatures, more easily when heated; fuming 
nitric acid dissolves it at ordinary temperatures, and water added to the solution 
throws down a yellow precipitate, the solution of which in alcohol or acetic acid 
leaves resinous products on evaporation. 

A compound of retene with dinitroanthraguinowi is obtained by evaporating a 
solution of the two bodies in glacial acetic acid, and crystallises in small needles of a 
dark orange-red colour. 

Betene-picric acidf 0**ir*.C*H*(NO®)’OH, crystallises from alcoholic solution in 
orange-yellow needles, melts at 123°, dissolves in 5 pts. boiling alcohol of 95 per cent, 
in 44 pts. alcohol at 10'^, and is decomposed by water. 

Sodium-amalgam does not appear to act upon retene in alcoholic solution. Retene 
also remains for the most part unattacked when heated wiih hydriodic acid (sp. gr. 
1*68) and red phosphorus at 175°-200°; combustible gases are, however, formed, 
probably hydrocarbons of the fatty series. When retene is passed in vapour jpver 
heated lead oxide, a considerable portion of it remains unaltered, a small quantity of 
naphthalene being, however, produced, together with water. 

Chlororetenei C*”H‘'C1. When retene is exposed for a month to the action of 
chlorine at ordinary temperatures, a greenish viscid fuming mass is formed, which 
melts without dissolving when treated with boiling alcohol; and on digesting this 
product with alcoholic potash, then washing it with water, dissolving it in ether, 
and leaving the ether to evaporate, chlororetene separates as a red syrupy substance 
which decomposes when heated, with carbonisation and evolution of chlorine. 

Bromoretenei. When retene is exposed to the action of bromine-vapour, and 
the product is treated with alcoholic potash, then dissolved in ether, and left to 
evaporate, a brownish syrup is obtoined, bontaining 34‘4 to 34*6 per cent, bromine 
[intermediate between mono- and di-bromoretene]. 

Bihromoretene^ G*"H'®Br*, is prepared by heating 1 mol. retene on the water- 
bath with 2 mols. bromine and water, washing the product with warm dilute potash- 
ley and with alcohol, treating the grey viscid mass with alcoholic potash, washing it 
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repeatedly with water and alcohol, then digesting it with ether and eiystallising the 
white powder which remains andissolved from carbon sulphide. It crystallises in 
colourless plates, melts at 180®, dissolves readily in carbon sulphide and in ligroi’n, 
but is nearly insoluble in ether. 

Tetrahromoretene, is obtained by acting on retene with excess of* 

bromine, treating the product with boiling aqueous potash and with ether, and re- 
crystallising the residue from carbon sUlphide. It forms colourless prisms, melts at 
110®-112®, is insoluble in alcohol, slightly soluble in acetic acid and in ether, more 
easily in ligroi'n. very easily in boiling benzene and carbon sulphide. 

When 1 mol. retone is heated in a sealed tube placed in a water-bath with 5 mols. 
bromine, the product treated with potash ley, water, and alcohol, and then boiled 
with ether, the t^trabromoreteno just described remains undissolved, and the ethereal 
solution when left to evaporate leaves a compound isomeric therewith, in the form of 
a resinous mass, slightly soluble in ether and in ligroih, very soluble in carbon sul- 
phide. This modification of tetrabromoreteue is also formed from the tetrabromide 
of dibromoreteno, by the action of alcoholic potash. 

Ozidatlon-products of Retene. When warm solutions of retene and chromic 
acid in glacial acetic acid are mixed together, a violent action takes place, the liquid 
on cooling becoming filled with needle-shaped crystals ; and on diluting with water, 
and treating the residue with solution of sodium carbonate, and then with warm ether, 
which removes a viscid mass, the chief prcjduct, C'®H**0* (called dioxyretistene by 
Wahlfors, vi. 994) remains undissolved. The soda-solution with which the crude 
product has been treated, yields, when concentrated, yellow scaly crystals the solution 
of which gives a flocculent p/^jipitate with sulphuric acid. On treating this precipi- 
tate with alcohol at 50°, a bn^wn mass remains undissolved, and the liquid on cooling 
deposits yellowish shining scales. By saturating the mother-liquor of the first- 
separated scales with sulphuric acid, a browii precipitate is formed winch when boiled 
witii water partly dissolves, forming a yellow liquid, from which hydrochloric acid 
throws down white nearly insoluble flocks ; and from this precipitate! alcohol extracts 
the compound which crystallises in yellow shining scales. When the residue 

loft after the extraction of this last compound is boiled for some time with concen- 
trated baryta-water, a brown-yellow solution is obtained, yielding, on addition of 
hydrochloric acid, a brown precipitate from which, by repeated crysbillisation from 
boiling alcohol, the compound is obtained in colourless needles. 

Dioxyretistene crystallises on cooling from its hot alcoholic solution in flat, 
deep orange-coloured prisms, melts at 190°, sublimes in orange-red needles without de- 
composition when cautiously heated, and is moderately soluble in benzene and acetic acid. 
100 pts. boiling alcohol of 95 per cent, dissolve 2-2 to 2*3 pts. of it; cold alcohol only 
0‘15 pts. It is not attacked by chlorine at ordinary temperatures, but bromine acts 
upon it, with elimination of hydrogen. When heated with ordinary nitric add, it dis- 
solves unaltered, but the fuming acid converts it into a nitro-product. Stdphuric 
acid dissolves it without alteration, but on heating it with the acid on the water-btUth, 
sulphur dioxide is evolved, and on cooling, a red gelatinous mass is formed, which 
gives rod crystalline flocks when boiled with water. By prolonged boiling with 
chromic acid in acetic acid solution it yields oxidation-products soluble in aqueous 
sodium carbonate. It is not altered by dilute solution oi potassium ov wdium hifdroxidc, 
but the concentrated alkalis convert it into a greenish resinous mass. When fused 
with potassium hydroxide, it yiohfs a black mass, forming with water a red solution 
which yields with sulphuric acid a greenish precipitate consisting of a mixture of 
several bodies, from which ether extracts a red viscid mass, while the residue dis- 
solves in carbon sulphide or in benzene with a fine blue or greenish-blue colour. 
Dioxyretistene dissolves with difficulty in solution of acid sodium sulphite, and is 
precipitated therefrom by hydrochloric acid in its original state. 

The compound called by Wahlfors * inmehronwretistme,' obtained by the action of 
2 mols. bromine on 1 mol. dioxyretistene, has, according to Ekstrand, the empirical 
formula C^®H’*Br*0\ It crystallises from glacial acetic acid in small red prisms, 
melts at 234°-23d°, is slightly soluble in alcohol, ether, and carbon sulphide, more 
soloble in benzene and glacial acetic acid. 

When dioxyretistene is heated with 10 pts. baryta, there is formed, together wi h 
water and combustible gas, a red oil which solidifies after some time, and yields to 
boiling alcohol a body, which crystallises in long fiat colourless needles, 

molts at 89°-90°, and is insoluble in aqueous sodium carbonate. The residual oil 
yields by fractional distillation a liquid which has the composition and boils 

at 216°-220°. 

Dioxyretistene is not altered by the action of sulphurous acid in alcoholic solution, 
but when heated with zinc*du8t and potash-ley it partly dissolves, and the solution 
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yields with hydrochloric acid a green precipitate of a quinol, which on exposure to 
the air is quickly reoxidised to dioxyretistene. Dioxyretistene, distilled with zinc- 
dust, yields, together with retene, a small quantity of a hydrocarbon, which 

melts at 56^-57^i and is probably dibenzyl. 

The compound C'®H'*0* (p. 1756) cryetallises in colourless shining scales, melts 
at 139®, dissolfes very easily in alcohol, ether, and glacial acetic acid, sparingly in 
water, from which it crystallises in shining scales ; the solution has an acid reaction. 
The sodium salt^ C^*H*»NaO*, crystallises in shining scales ; the potassium salt like- 
wise. The barium salt^ (C**il‘*0*y''Ba, forms large colourless laminae. The solution 
of the sodium salt forms with ferric clilorido, after a while, a precipitate consisting of 
small needles; with lead acetate, a bulky precipitate becoming crystalline after some 
time ; with silver nitrate a precipitate made up of microscopic prisms. 

The compound (p. 1756) melts at 222°, may be sublimed, and dissolves 

easily in alcohol, ether, and glacial acetic acid. The sodium salt^ C**H*“NaO*, forms 
large brown-yellow laminae, and dissolves with moderate facility, its solution giving 
amorphous precipitates with lead acetate and silver nitrate. The barium salt forms 
small shining scales. 

RBTSlTBSUXiPBOirZC ACZD8 (Ekstrand, Liebig^s Annalen, clxxxv. 86). 
Retenedisulphonic acid, C’“H'*(SO*Hy*. — When rotene is gradually added to a 
mixture of equal volumes of concentrated and fuming sulphuric acid, and the liquid is 
left to itself for two to three weeks, slender needles of the compound C'*H*®(SO*H)* + 
6H*SO* separate out. The free disulphonic acid obtained from the barium or lead 
salt is very soluble, and separates from a concentrated aqueous solution in small 
needles and from glacial acetic acid in w'cll-dcfined needles or prisms. Its concentrated 
aqueous solution is precipitated by sulphuric acid ; and the compound thus formed 
seems to contain varying quantities of the latter acid. The following salts have been 
prepared and analysed : 

1 part dissolves , 

C*"H**(SO*K)* + (at 100®), silky needles, in 6-6 of water 

C«H'«(SO*Na)^ + „ „ in 2-3 

Ci«lIi6(SO*)*Ba + 6HaO (at 16®) slowly in 60-61 „ 

C«'H'«(SO*)‘’Sr + l^H’0(at 100®) „ in 24-25 „ 

C-H'WCa + .. in 20-21 „ 

Ci8jji«(SO*)'OIg + 2H*0 (at 100®), woolly needles, in 25-26 „ 

C"H-(SO.)«Cu + l^gSes - 

C^®H‘*(SO*)*Pb + H*0 (at 100®), long prisms, 

slowly in 64-65 „ 

Retenedisulphonic dichloride, C'*H'*(SO*Cl)* obtained by the action of phosphorm 
pentachloride on the potassium salt, crystallises from hot glacial acetic acid in hare 
prisms, melting at 175®; it dissolves readily in benzene, sparingly in ether, and is 
scarcely attacked by Ixiiling water, which does not decompose it completely till the 
temperature is raised to 160®. 

An isomeric retenedisulphonic acid appears to exist. 

Retenetrisulphonic acid, C*"H**(SO®H)\i8 formed by heating retene with a 
mixture of common and fuming sulphuric acid on a water-bath ; it is readily soluble 
in water; is not precipitated by sulphuric acid ; and is obtained on cooling from a very 
concentrated aqueous solution as a crystalline mass, which dissolves very readily in 

water, alcohol, and acetic acid. Its barium salt, [C‘®II'’(SO*)*]*Ba+ | jg^j^o^at 16®' 

differs somewhat in form and solubility according to the manner in which it is pre- 
pared (crystallising in needles soluble in 16 pts. water, or in prisms soluble in 11 pts.) 

The Uad taU, [0'*H»(SO»)>pPb*+ | forms thin needles. 

The acid obtained by treating retene with sulphuric anhydride yields three different 
barium salts. 

BBZBAinrZTB. See Gosalite (p. 572). 

BBABBOFBAVB* This name hus been given to a very rare mineral from 
Cornwall, consisting essentially of didymium and erbium phosphates (Lettsom, Compt. 
rend. Ixxxvi. 1028). 

BBAOZTB* A bismuth arsenate, 5Bi®0®,2As®0® + 8H®0, sp. gr. 6*82, occurring, 
together with several uranic arsenates (vii. 1190), in the White Hart Mine, near 
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Schneeberg in Saxony. Its analysis by C. Winckler (Jahrb. Min, 1871f 869 ; 1874, 
682) gave : 

B1*0* As*0‘ H“0 Fe“0*,Al“0* CoO CaO Matrix 

72*8 14-2 4-6 1*6 1*5 0 5 3*3 « 98*5 ^ 

RHAMirUS. The glucoside of yellow berries (77^. %nfectoriu8\ called x a n t h o - 
rhamnin by Gellatly, rhamnegin by Schiitzenberger, and its derivatives, have been 
examined by Liebermaun a. Hermann [B&r, xi. 952, 1618), with results different from 
those obtained by previous investigators (v. 100; vi. 994; vii. 661). 

Xanthorhamnin, boiled with dilute sulphuric acid, readily splits up into 
rhamnetin, and a sugar, supposed by Liebormann a. Hormann to be differ- 

ent from all others yet known, and named by them ‘ rhamnodulcite.’ Behrend, 
however {Ber. xi. 1363), has shown that it is identical with isodulcitol, 

(p. 1131). Xanthorhamnin is also converted into rhamnetin by simply heating it at 
130®-160®. Liebermann a. Hormann assign to xanthorhamnin the formula C‘‘'*H'*“0®, 
which agrees nearly with the analysis of the potassium-derivative i}nfra\ and repre- 
sents correctly the resolution of xanthorhamnin into rhamnetin and isodulcitol, these 
products being formed in the proportion of 1 mol. rhamnetin to 2 mols. dulcitol : 

G'®H««02“ + 5H20 » 2C»*H'®0* + 4C®H*<0«. 

Potassitm-xantkorhamnin, is obtained on mixing an alcoholic solution 

of xanthorhamnin with a slight excess of alcoholic potash, as a thick yellow precipi- 
tate which, after rapid flltriition, washing with alcohol, and drying over sulphuric 
acid, forms a yellow powder^ yielding by analysis 11*81 per cent, potassium ; calc. 
12*40 per cent. It is tolerably permanent when dry, but becomes brown and resinous 
when moist. 

Rhamnetin, crystallises from water containing sulphuric acid in micro- 

scopic needles ; from phenol in distinct yellow needles. 

Dibromorhamnetin, C'^H^Br^O*, prepared by adding bromine to finely pulverised 
rhamnetin suspended in glacial acetic acid, forms beautiful yellow needles, easily 
soluble in hot alcohol and hot glacial acetic acid, also in benzene ; alkalis dissolve it 
with yellow colour. It dyes like rhamnetin, only with a somewhat redder tint. 

JDiacetyl-rhamTietinfC^HiXOC^IPOyO*, is obtained by boiling rhamnetin with acetic 
anhydride and anhydrous sodium acetate in a vessel with upright condenser, till a 
portion of the crystallised product is no longer coloured by dilute alkali. It crystal- 
lises from alcohol containing one-tenth part of acetic anhydride in white silky needles 
melting at 186^. 

Dibromaoetyl -rhamnetin, prepared in like manner from dibromorhamnetin, forms 
white shining needles which turn yellow at 200®, and melt at 211°-212°. 

Ripropionyl-rhamnctin, C‘'^H“(0C*H®0)*0* prepared like the acctyl-compound with 
sodium propionate and propionic anhydride, crystallises in light yellow needlesmelting 
at 168®--162®. 

Dibenzoyl^hamnetin, C'*H®(0C^H*0)*0*, prepared by heating 1 pt. rhamnetin with 
4 pts. benzoic anhydride at 1 50®, crystallises in small silky almost colourless needles, 
easily soluble in glacial acetic acid, sparingly in chloroform and in alcohol, melting at 
210 ®- 212 ®. 

Dimetkyl-rhamnetin, C*'‘*H®(CH*^*0*, is formed by heating xanthorhamnin at 120°- 
130®, with potassium methyl-sulphate and absolute methyl alcohol, the xanthorhamnin 
being first converted, with separation of isodulcitol, into rhamnetin, which then takes 
up 2 at. methyl. Bimethyl-rhamnetin crystallises in needles having a very faint 
yellowish tint, and melting at 166®-157®. 

HHODZVM. Pulverised rhodium decomposes formic acid, with rise of tem- 
perature, into water and carbon dioxide. When the decomposing power slackens, it 
may be restored by washing the metal and drying it in the air. Alcohol is also 
decomposed by rhodium in presence of alkalis, at a temperature only a little above 
that of the air, hydrogen being given off, and an alkaline acetate poduced. The 
same action is produced by iridium, but not by platinum or palladium (Deville a. 
Hebray, Compt, rend. Ixxviii. 1782). 

On Mercaptide of Rhodium, see p. 1276. 

RBIBABZNll. On the occurrence of this base in the unripe capsules of the 
red poppy (Papaver Rhoeas), see p. 1664. 

RRIJBAB8. From a comparison of observations made in the last few years on 
the sources of officinal rhubarb, H. Werner (Arch. Pharm. [3], xi. 116) concludes that 
Bussian and Chinese rhubarb are obtained from Rheum yafnuUum, and that this plant 
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is indigenous in the Upper Huang-ho in the Highland of West China around Lake 
Koko-nur. 

Comparative analyses of different kinds of rhubarb have been made by Dragendorff 
(PAam. J. [3], viii. 826) : 

I. Rheum Moscovicumt imported in 1860 with the last consignment of the Crown 
rhubarb. 

II. Rheum Chirtense, delivered from the Orcfwn Warehouse, St. Petersburg, 1877. 

III. Rheum palmatum Tanguticum, 

IV. Rheum anglictim cultum from Moscow. 

V. Rhubarb cultivated in Siberia. 
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Moisture 

9*62 

11*25 

10*35 

11*09 

8*69 

Ash 

8*27 

6*32 

24*05 

3*20 

10*38 

. Mucilage soluble in watt'r . 

Arabic acid soluble in water not 
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3*08 

precipitited by alcoliol . 
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3*17 

8*32 
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• Metarabic acid .... 

3*82 
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8*47 
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3-91 
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Starch 
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6*32 
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4*29 

8*61 

Sugar . . . 
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4*29 

3*94 

4*40 

3*66 

Substance readily soluble in 






absolute alcohol, probably a 
carbohydrate .... 

2*70 

6*47 

7*41 

8*21 

1*95 

Cathartic acid .... 

6*26 

4*88 

2*03 

2*50 

2*26 

Malic acid, &c 

0*04 

1*09 

trace 

1 0*17 

l*2f4 

Calcium oxalate 

Chiysophanic acid soluble in pe- 

3*28 

4*69 

4*19 

! 1*12 

2*15 

troleum spirit 

— 

trace 

trace 

I trace 

1*01 ■ 

Clirysophano and tannin 

Emodin, erythroretin, phaeoretin, 

17*13 

1417 

) 

8*22 ! 
f ' 

' 4*83 

1 ) 

7*84 

&c 

Dark brown crystalline resin, &c., 

1*13 

- 1*15 

J IMS 1 

1 1 

' 6*89 

6*29 

soluble in alcohol and ether . 
White crystalline resin soluble in 

1*00 

) 

1 2*69 

,] 


ether, insoluble in alcohol 

0*15 

0*70 

0*49 1 

2-32 

276 

Fat 

0*05 

0*15 

0*32 1 

6*17 

tmee 

Albuminoid substances 
Faracellulose, vasculose, pectose, 

4*37 

4*39 

4*33 

3*17 

3*92 

lignin, &c 

18 81 

10*90 

8*68 

16*l0 

10*72 


Cathartic acid appears to be the purgative, and tannin and chrysophano the tonic 
constituents of rhubarb, so that No. I. and II. must be regarded as best adapted for 
therapeutic purposes. ’ 

On the detection of Turmeric in Rhubarb, see'TuRMERic. 

RXCXMTOMXC ACXDf C‘*H*^0*, This acid may be purified by fractional pre- 
cipitation of crude castor-oil soap with calcium chloride. If the first fractions, amount- 
ing to about a third of the entire precipitation, be rejected, the following 2 will be 
found to consist of pure cjilcium ricinole (Claus a. Hilkenkamp, Ber. ix. 1916). 

Hydriodic acid appears to act but slightly on ricinoleic acid at 100®-170° ; but on 
gradually adding phosphorus and iodine to a warm emulsion of ricinoleic acid in a 
small quantity of water, a yellow oil is obtained, consisting of iodostoaridenic 
acid, C'*H”IO*. This acid easily takes up 1 mol. bromine, forming the acid 
C*®H**Br®IO*, and when treated with nascent hydrogen (zinc-filings and dilute hydro- 
chloric acid) it is converted into stearic acid (Claus a. Hilkenkamp). 

RXCIMUB* The leaves of the castor-oil plant (Ridnus communis) have been 
examined by E. S. Wayne (PAam. J, Trans. [3], iv. 749), who finds in them ricin i n e 
and considerable quantities of potassium nitrate. They yielded 24 per cent, ash 
containing ; 

Silica 

CaO MgO K*0 Na"0 PeFO* SO* Cl CO* and sand Loss 

33*40 6*20 27*15 2*12 0*70 6*68 2*90 1*63 16*20 2*41 0*61 » 100 
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When castor-oil is distilled under reduced pressure, a colourless oil, amounting to 
about a third of its volume, passes over, together with a small quantity of a wateiy 
liquid, while a spongy saponifiable mass remains in the retort. The oily distillate 
consists, to about one- half, of oenanthaldehyde, and, after this has passed over, the 
thermometer suddenly rises considerably, then remains stationary for some time, and 
a body colleirts in the receiver, which solidifies to a crystalline mass, and appears t(f* 
bo a new acid of the oleic series. It melts at 24*5°, boils at 198°-200°, under a 
pressure of 90 mm., and gives by analysis numbers agreeing with the formula 
It is resolved by fusion with potash into acetic and nonoic acid, (C^H^^O*), and yields 
with bromine an addition-product, from which hydrobromic acid is readily extracted 
by alcoholic potash (F. Krafft, Her. x. 2034). 

KlPZBOXiXTlS. This mineral from the Zillerthal has been analysed by A. J. 

{Min. Mitth, 1874, 244), with the following results : 

BIO* A1*0' Fe»0" FeO CaO MgO H“0 Sp. gr. 

26*02 20 16 1-07 28*08 0*44 15*50 9*65 = 100*92 2*955 

RXVOTITB. An amorphous mineral of yellow-green to dark grey-green colour, 
occurring, contaminated with malachite and imbedded in limestone, on the western 
declivity of the Sierra del Cadi, in the provineo of Lerida in Spain. It has been 
aiiiilysed by X. Ducloux {Conipt. rend. Ixxviii. 1471), who represents the results by 
the formula Sb*0’‘ + 4(Cu,Ag)CO® : 

Sb»0“ CO» CuO Ag^O CaO Sp. gr. 

42*00 21*00 39*50 1 18 trace = 103*68 3*55-3*62 

• 9 

XOCBXiliA FI7CZFOIKMZ8. This lichen, which is characterised by an in- 
tensely bitter taste, has been examined by Stenhoiise a. Groves {Proc. Hoy. Soc. xxv. 
60). It was treated with milk of lime, dried and exhausted with hot alcohol ; the 
extracts were freeil from al(?<)hol ; the residue was boiled several times with small 
quantities of alcohol, and then with benzene to remove fat and chlorophyll ; and the 
residue then left was dissolved in boiling alcohol and filtered hot. The alcoholic 
solution on cooling deposited two kinds of cry.stals— slender feathery crystals of a 
substance which has not yer been examined, and large shining prisms of a substance 
having the composition designated as Picroroceliin, This compound 

melts at 192'’-194°, is moderately soluble in hot alcohol, sparingly in ether and in 
benzene, nearly insoluble in water, petroleum, and carbon sulphide. By oxidation 
with chromic acid mixture it yields benzaldehyde and benzoic acid. 

Xanthoroedlin, is formed by heating picroroceliin to 220®, or boiling 

it with dilute hydrochloric or sulphuric acid, or best by dissolving it in acetic acid, 
and boiling the solution, after adding u few drops of hydrochloric acid. It crystallises 
in yellow needles, dissolves easily in hot alcohol, and is strongly attacked by hot 
nitric acid, yielding a substance not yet analysed, which crystallises in hexagonal 
prisms. 

Picroroceliin, boiled with aqueous or alcoholic soda-ley, yields a substance which 
crystallises in large colourless prisms, melts at 154®, and gives by analysis numbers 
agreeing neiirly with the empirical formula 

ROGBRSZTB. See Niobatks (p. 1395). 

ROM Air CHAMOMZXiB OVZi. The acid product obtained by saponifying this 
oil— hitherto regai*ded as a single acid, viz. angelic acid (p. 86) — is now found to be a 
mixture of two isomeric bodies, C*11"0*, viz. angelic acid, melting at 45°-46*6®, and 
boiling at 185® (not at 194® as formerly stat d), and tiglic acid, melting at 64*5® 
and l)oiling at 198*5®, together with small quantities of isobntyric acid, and a fourth 
acid, not yet isolated, but probably consisting of methacrylic acid (Fittig a. Kopp, 
ifer. ix. 1195). 

Koebig {Lichig's Aunalm, cxcv. 92), by submitting the oil to careful fractional 
distillation, has shown that it consists of a mixture of isobutylic isobutyrato, isobutylic 
angelate, amylic angelate, and amylic tiglate, together with the angelic and tiglic ethers 
of a new primary hexyl alcohol (sp. gr. 0-8295 at 15®, b. p. 162-153®), and the cor- 
responding ethers of terpeno-alcohol or anthcmol. Other substances, if present at all, 
can exist in the oil only in very small quantities. 

ROSAXrZBZXrS* This base is formed by digesting aurin with alcoholic 

ammonia at 160 ’ for several days, or with aqueous ammonia at 120® for twenty hours ; 
if the action be longer continued, leucaniline is produced. At 180® the reaction pro- 
ceeds more quickly, with formation of rosaniline (Bale a. Schorlemmer, JBer. x. 1016, 
1123), see Aukin (p. 136). According to Monnet Reverdin a. Nolting (Ber. xii. 445), 
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the presence of metA-toluidine in commercial toluidine from which rossniline is pre 
pared, injures the purity of the colours. 

Bosenstiehl {Compt, rend, Izxxii. 415; Ann, Chm, Phys, rS], viii. 176; Chem, 
Soc, J, xxiz. 935) describes three isomeric rosanilines obtained : (a) from aniline 
and paratoluidine ; (j8) from ortho-toluidine (pseudotoluidine) alone, or from ortho- 
toluidine and aniline ; (7) from ortho- and para-toluidines, or from a mixture of these 
two bases with aniline. This modification forms the chief constituent of tolttidine- 
red and of the fuchsines. As /3-rosanilino is formed from o-toluidine alone, the latter 
must first be partly converted by the oxidising agent into aniline. All the three 
rosanilines are resolved into their components by the action of hydriodic acid. 

Diazorosaniline is formed from rosaniline by the action of nitrous acid. Its 
C2®H**N*C1*,H'“0 + AuCl*, is a light yellow flocculent crystalline pre- 
cipitate, which detonates when heated, and when boiled with water gives off all its 
nitrogen in the free state. The (C“H‘*N“Cl®,H*0)*,3PtCl* + 6H*0, 

likewise gives off all its nitrogen when boiled with water, leaving a residue containing 
rosolic acid. The aurochloride of diazohydrocyanoroeaniline^ C'““II‘\CN)N*Cl®,3AuCl*, 
is a yellow flocculent precipitate, which, when boiled with water, gives off only 6 ats. 
nitrogen. The sulphate is decomposed by boiling water, yielding hydrocyanorosolic 
acid (E. a. 0. Fischer, Liebigs Annalen, cxciv. 277). 

Diazoleucaniline is formed by passing nitrous gas into loucaniline hydro- 
chloride. Its hydrochloride is a light yellow sticky mass, forming with auric chloride 
the sparingly soluble double salt, C*®Il**‘N®Gl®.3AuCl* + H®0. 

When leucaniline is dissolved in strong sulphuric acid, the solution in small por- 
tions treated with nitrous acid, and the resulting red liquid added, with stirring, to 
boiling alcohol, a dark red liquid is obtained, which wlien neutralised deposits an oil 
yielding on distillation tolyldiphenylmethane, « CH(C'H^)(C“H*)'‘‘. Hence 
it appears that diazoleucaniline is converted by boiling alcohol into tolyldipheuyl- 
methwe (E. a. 0. Fischer). 

Vararoflanllinefl 

195, 473f 612, 1079, 1598; Liebifs Annalen^ exeiv, 242). This base is formed: 
1. By oxidising a solution of trinitrotriphenylmethane, C‘®H**(N0")®, in glacial acetic 
acid with chromic acid, whereby it is converted into trinitro-triphenyl carbinol, 
C**H**(N0^*0H, and reducing the latter with zinc-dust, taking care that the action 
does not go too far, as otherwise paraleucaniliuo will be formed. The transformation 
takes place by two stages, as represented by the following equations : 




NO*.C«HV 

Tiinitrophenyl-carbinol. 




Trlamidophenyl-carbinol. 


Triamidoplienyl-carbinol. 

Ah 




Fararosaniline. 


Diazopararosaniline, produced by the action of nitrous acid on pararosaniline, 
forms a hydrochloride : 

C»H*»0N«C1« = (C1N*C«H^)*C(0H)C«H«N2C1, 


which is decomposed by boiling with water, with formation of aurin or pararosolic 
acid, It unites with auric chloride, forming a yellow crystalline double salt 

slightly soluble in water. 

Hydroc^anopararosaniline, C*®H**N* = W.ONH, easily obtained by 
direct combination, crystallises from hot alcohol, in which it is but slightly soluble, 
in colourless oblique prisms. Its hydrochloride decomposes at 180°-190° into HCI, 
HCN, and parafuchsine. Nitrous acid converts the base into diazohydro- 
cyanopararosaniline, the hydrochloride of which, C”H**N’C1* -h 2H®0, forms 
slender, colourless, very explosive needles, and is decomposed by boiling with water, 
yielding a compound identical with the hydrocyano-derivative which Graebe a. Caro 
obtain^ from aurin : 

C“H»*CN(N*C1)» + 3H*0 = 3N* + 3HC1 + C*»H>*eN(OH)*. 

Pentamethyl-pararosanilinet C'®H**(CH*)*N*’. — This, according to E. and 0. 
Fischer (Ber, x\. 2095), is the constitution of methyl-violet, which is produced by 
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the oxidising action of manganose dioxide and sulphoricacidonhexmethyl-triamidotri- 
phenyl'methanOt the product of the action of 1 mol. chloral on 3 mols. dimethylanilino 
in presence of zinc chloride. The formation of methyl-violet from this hexmethylated 
base is represented by the equation : 

[(CH>)*N.C«H*]20H.C®H«.N(CH*)* + 0* = [(0H*)*N.C«H«]2C^ | 

Boxmethyl-triamidotrlphenylmothaiie. Methyl-yiolet. 

+ H*0 + CH*0 




ParalenoaniltnOf C**H*®N*, is produced by the action of nascent hydrogen (Zn 
and HCl) on pararosaniline, and is precipitated as a hydrochloride, C‘®H*"N*,3HC1 + 
H-0. The free base may bo obtained by adding zinc-dust to a solution of trinitro- 
triphenylmothane or trinitrotriphenylcarbinol in glacial acetic acid till the red colour 
diHap{)earB. It is precipitated by ammonia, and converted into pararosaniline by 
oxidising agents,^ most readily by heating the free base for a short time with a syrupy 
solution of arsenic acid at 130®-140®. Paralmcaniline kydrocKtoride, heated at 160°- 
1 60 *, is partly converted into fuehsine. 

Paraleucaniline is converted by nitrous acid into a diazo-compound, the hydro- 
chloride of which, crystallises with difficulty, and imparts a groenish-blue 

colour to solutions. By dissolving paraleucaniline in strong sulphuric acid, treating the 
solution by small portions with nitrous acid, and proceeding in the manner already 
described for leucaniline (p. 1760), diazoparaleucaniline is first produced, and 
then converted into triphenylmethane, CB[(C*H*)*. 

ROS AVanr, or ROSOKZC'ACZB, =» (C®H40H)2C^ I (G raebe 

a. Caro, Bcr. vi. 1390; Liebig's Annale7i^ Axil. 184; Dalo a. Schorlemnier, i?cr. x. 
2230; Chem. Soc. J. xxxv. 159). This compound is formed by the aclion of nitrous 
acid oil rosaniline : 

+ 3NO*H = + 311=0 + 3N=. 


It was formerly supposed to be produced by the action of oxalic acid on phenol in 
presence of sulphuric acid ; but Dale a. Sehorlemmer have shown that the product of 
this reaction is not rosaurin, but its low'crhomologue, aurin, C*®H*^0* (p. 1763). At 
present the reaction above mentioned is the only one by which rosaurin has been ol5tained. 
The name * ro.saurin’ is proposed by Dale a. iSchorlemmer in proforenco to the older 
name, rosolic acid, to indicate the homology of the compound to aurin, and the 
resemblance w hich it exhibits to aurin in its power of combining with acids. 

Preparation . — 500 grams of rosaniline (or the corre.sponding quantity of a ros- 
aniline salt) are dissolved in a mixture of 1500 c.c. of concentrated hydrochloric acid 
with 1500 c.c. of water, and the brownish-yellow liquid which is formed is diluted, 
after filtration, with about 150 litres of cold water. A dilute solution of sodium or 
potassium nitrite is gradually added, with constant stirring, till the rosaniline has 
almost but not quite disappeared. This point may be determined by placing from 
time to time a drop or two of the mixture on filter paper, and w'atching the outside, 
part of the circle formed. As long as rosaniline is present, a red border is produced, 
and the addition of the nitrite must be continued till this appears very faint, but still 
perceptible. The liquid is tlien gradujjilly heated to boiling, and as soon as the evolu- 
tion of gas ceases, it is quickly filtered. On cooling, tolerably pure rosaurin separates 
in fine, brilliant, brownish green crystals. To purify this product, it is dissolved in 
caustic soda, and the solution is saturated with sulphurous acid. The impurities 
separate in dark brownish-red flocks, :ind byiiddition of a minend acid to the nearly 
colourless liquid and gentle w'arining, the rosaurin is obtained in a state of great 
parity. Obstinately adhering inorganic suits are best got rid of by solution in alcohol 
and precipitation with hot water. The best way to crystallise rosaurin is from dilute 
alcohol, or by decomposing a hot saturated alcoholic solution with boiling water. In 
the first case, ruby-red crystals are slowly formed, while in the second greenish plates 
with metallic lustre separate out. 

Bosaurin dissolves very easily in hot alcohol, somewhat more sparingly in the 
cold, and is also moderately soluble in glacial acetic acid and ether, but insoluble 
in benzene and carbon disulphide. Water dissolves it slightly, acids a little more 
freely. These solutions have a yellowish-red • colour. Rosaurin dissolves in alkalis 
with a rod colour, which in thin layers becomes of a bluish-red, in thick layers of a 
yellowish-red tint. In accordance with this the absorption spectrum in a somewhat 
deep-coloured solution consists only of a bright band (from 30 to 60 on the scale of 
the Eirchhoif-Bunsen apparatus). On dilution a violet streak appears; on still 
further dilution the bright strwks extend, and finally only a broad dark band is seen, 

VoL. VUI. 5 X 
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the middle of which is situated at 64 to 65, but at 95 the green is very feeble. 
Kosaurin does not melt when heated to 270^. On stronger heating a bulky carbonaceous 
mass is formed, and phenol and water escape. 

Reactions. — Rosauriii has but a very feeble acid character, and therefore does not 
easily form wolWharacterised salts with bases. The ammonia salt separates in the 
form of steel-blue needles, and dissolves with difficulty in alcohol, but easily in water. 
It gradually loses its ammonia on exposure tt) air as well as by washing. The barium 
and lead compounds also decompose when washed. Reducing agents convert rosaurin 
into hydrorosaurin. A solution of a rosaurin-compound in caustic soda is easily 
decolorised by warming with zinc-dust. Sodium-amalgam produces the same result. 
On the other hand, sulphurous acid docs not effect this reduction even at 200°. 
Rosaurin dissolves, with the aid of heat, in j^otassium cyanide^ and acids added to the 
colourless solution throw down hydrocyanorosaurin. Add sulphites of the alkalis 
dissolre and perfectly decolorise rosaurin, and thus afford a test of its purity. 

Oxidising agents act readily on rosaurin, giving rise to compounds which dissolve 
in alkalis, with formation of the same colour as the acid, and are precipitated of a 
vermilion colour, but are difficult to crystallise. In such cases a compound contain- 
ing more oxygen, and answering to the formula seems to be formed. 

When rosaurin is heated with water at 220°-250°, a colourless body easily soluble 
in water is formed, in addition to brownish products of decomposition and phenolic 
bodies. This colourless compound may bo obtained free from admixture, by extraction 
with boiling water, evaporation, and repeated crystallisation. In its properties and 
the result of its analysis it agrees with the compound which Liebttrniann obtained by 
heating rosaniline with water at 270°. It melts at about 200"^, and has a composition 
which lies between and + H=*0. I'he composition of the derivative 

obtained by heating it with acetic anhydride to 140°-150'’ shows that this compound, or 
at least its chief constituent, has a composition rcpri-scnted by the formula C“II*®0*, 
and that four of its hydrogen -atoms can bo replaced by acetyl. This tetracetyl-com- 
pound, C“H'^0^(C*H*0)\ molts at 148°-160°, is easily soluble in alcohol and acetic 
acid, insoluble in water, and easily crystallisablo in needles. Liobermann failed to 
obtain rosaurin from rosaniline, because rosaurin is decomposed by hot water. 

Rosaurin and acetic anhydride heated in sealed tubes to 150°-200° do not give 
rise to an acetyl-rosaurin ; but, according to the temperature, various colourless com- 
pounds are formed, and among them triacetyl-leucorusaurin, w'hich can be isolated in 
the pure state and melts at 148°. 

Leucorosaurin, prepared by w’anning an alkaline solution of rosaurin 

with zinc-dust till the liquid becomes colourless, separates from the filtrate in brilliant 
silky colourless crystals. By rocrystrdlisation from dilute alcohol, columnar or acicular 
crystals are formed, w’hich generally appear brownish. It is easily soluble, in alcohol 
and ether, especially on heating, but nearly insoluble in water. It gives with alkalis 
a colourless solution, which, when treated with potassium ferricyanide, assumes the 
colour of rosaurin, but contains instead a body richer in oxygen. Ferric chloride 
acts upon it in the same way. 

Triacetyl-Uucorosaurin, is formed when leucoro.saurin is heated 

with anhydrous acetic acid or acetyl chloride to 130°-150°. The product of the 
reaction, when decomposed by w’ater, washed, and crj’stallisod from hot alcohol, 
deposits triacetyl-loucorosaurin in long needles. This compound is insoluble in water, 
only slightly soluble in cold alcohol, but moderately soluble in hot alcohol. It melts 
at 148°-14U°, and solidific.s to a glassy mass, which, after a long time, becomes crys- 
talline. When boiled with caustic soda, it shows tolerable stability, but gradually 
dissolves to a red liquid. 

Hydrocyanorosaurin, obtained by acting on the potassium or 

sodium-derivative of rosaurin with excess of potassium cyanide. Acids precipitate 
hydrocyanorosaurin from the cold solution in white crystalline flocks, but if the solution 
is hot, the product cakes together in resinous brownish masses, which gradually 
become crystalline on cooling. It may be purifled by recrystallisation from dilute 
alcohol. Hydrocyanorosaurin dissolves easily in alcohol, other, and benzene, but with 
difficulty in water. Alkalis dissolve it easily to colourless liquids, which become faintly 
rod after long boiling. Its melting point cannot be obtained, since it remains solid 
at. 200°, and decomposes when heated alx>ve this point. Concentrated sulphuric acid 
dissolves it slowly in the cold, readily'at a gentle heat, with production of a violet 
colour, which becomes redder on further heating, and brown when boiled. On heating 
hydrocyanorosaurin with acetic anhydride to 140°-160°, a derivative is obtained, 
which has the composition of triacetyl hydrocyanorosaurin^ 0**11 "(C*n*0)*NO*, is 
insoluble in water, easily soluble in aentic acid and alcohol, and crystallises in small 
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colourless prisms which melt at 143°. Bj strong sulphuric acid it is coloured in the 
same way as hydrocyanorosaurin. 

Tetrabromorosaunn^^ C*®H'2Br*0*, is formed by dropping an excess of bromine into 
a solution of rosimrin in warm glacial acetic acid, and separates at once in brownish- 
green plates having a metallic lustre. The crystals may be freed from rosaurin by 
boiling with alcohol, but some compounds containing a smaller amount of bromine 
remain : these can be removed by recrystallis;itioii from glacial acetic acid. 

Tetrabromorosaurin crystallises from acetic acid, which dissolves it abundantly on 
heating, in brilliant green plates. When precipitated from its solution by water, or 
from an alkaline solution by an acid, it forms red microscopic crystals. It is not 
soluble in water; dissolves with difficulty in alcohol and other ; with a fine violet colour 
in the fixed alkalis find in ammonia. The absorption spectrum of a moderately deep- 
coloured ammoniacal solution shows, in addition to a bright band reaching from 30 to 
45 (Kirchhoff-Bunson scale), a second fainter one from 110 to 125. In dilute 
solutions a faint dark band appears between 60 and 60, while the part of the spectrum 
corresponding with tho above bright streaks is intensely bright. Keducing agents 
convert this tetrabromo-compound into the corresponding leueo-compound ; potassium 
cyanide forms a hydrocyano-derivative, and alkaline sulphites give rise to colourless 
s«)lutions, from which the brominatod compound is precipitated by mineral acids in rod 
fiocks. 

Tctrahrowoleucorosaurinf C®*Jl*^Br*0*, obtained by heating the last-described com- 
pound with zinc-dust and caustic soda, is easily soluble in alcohol, and crystallises 
in plates from weak spirit. 

Hydrocyanotetrahromoromurin, prepared like hydrocyanorosaurin, crystallises in 
colourless plates, insoluble in wifter, but easily soluble in alcohol and ether. Heated 
with sulphuric acid, it dissolves with blue colour (Graobe a. Caro). 

Aurln, C'®H’^0* = (C®H^0H)*0^^ .♦ Pararosolic acid . — This lower homo- 

logue of rosaurin is formed: 1. By the action of nitrous acid on pararosaniline 
(p. 1760) : 

+ 3NO*H « + 3H*0 + 8N*. 

2. Together with formic acid, by heating phenol with oxalic acid in presence of 
sulphuric acid : 

3C®H«0 + + CH‘0« + 2ffO. 

Pure aurin may also be prepared from the commercial product known by the same 
name (vii. 117), by passing ammonia-gas into a saturated alcoholic solution of the 
latter, whereupon steel-blue crystals separate out, consisting of ammonia- aurin, 
2N11® ; and those, when decomposed by dilute hydrochloric or acetic acid, 
yield aurin, which, after being well washed and repeatedly crystallised from alcohol, 
gives by analysis, as a mean result, 78"65 per cent, carbon and 4'96 hydrogen, the 
formula C'®H ^0® requiring 78*62 C, 4*83 11, and 16'55 0. 

A further confirmation of this formula of aiirin is afforded by its conversion into 
loueaurin, which is effected by treating it with acetic acid and zinc-dust. The 
leucauriii thus prepared crystallised from dilute alcohol in largo flat glistening needles, 
and when dried over sulphuric acid at 100°, gave by analysis 77‘98 and 78*03 per 
cent. (3, 5*68 and 6*7 H, agreeing with the formula C"*ll*“0*, which requires 78*08 C, 
6*48 II, and 16*44 0. 

Teirabroviaurin, C'®II'®Br*0*, is formed on adding a hot solution of aurin in acetic 
acid to a mixture of acetic acid and excess of bromine, and separates in small brownish 
crystals having a bronze lustre. Like tetrabromorosaurin (supra), it dissolves in 
alkalis with violet colour, tind in acid solution dyes silk and wool deep violet. 

Compound of Aurin with Acetia Anhydride, — This compound is 

best prepared by gently boiling aurin with acetic anhydride, mixing tho resulting 
yellowish solution with alcohol to decompose tho excess of tho latter, adding hot 
water till a precipitate begins to form, and leaving the liquid to cool. The compound 
then separates out in small white plates melting at 1 68°. It may also be obtained, 
.though less readily, by heating aurin with acetyl chloride and a little acetic acid till 
all the excess of acetyl chloride is expelled, and then adding water. It may bo boiled 
with alcohol or acetic acid without alteration, but on adding a small quantity of 
hydrochloric acid, the solution turns yellow, and on cooling deposits stellate groups 
of brown needles consisting of a compound not yet analysed. 

* Formerly represented by the formula and suppoeed. to be identical with rosolio acid 

(see vi. 299 ; vii. 117, and this volume, p. ISO). 

0x2 
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Conij^und with Hydrochloric add. — ^When a hot solutioi of aorin in acetic acid is 
saturated -with gaseous hydrogen chloride, the liquid assumea a light yellowish-red 
colour, and soon deposits glistening needles, which smell strongly of acetic acid even 
when dry, and on exposure to the air acquire a steel-blue lustre, and gradually 
crumble to a brown-red crystalline powder. This compound, crystallised from acetic 
acid and dried at the ordinary temperature, has the composition C**H*^0*,HCI + 2C*H^O*, 
the acetic acid playing the part of crystaUisj\tion-water. On heating the crystals at 
110° in a current of dry air, the whole of the acetic acid is given off, leaving the 
compound C‘"H*‘‘0®,IIC1, which is of a dull rod colour, and may be heated to 190° in 
a current of dry air, without alteration, but begins to give off hydrogen chloride at 
200°. When hydrochloric acid gas is passed into an alcoholic solution of aurin, 
similar but smaller needles are obtained, containing alcohol of crystallisation, and 
represented by the formula C‘*H'^0’,HC1 + 3C*H®0. The alcohol is wholly given oft 
at 100°, leaving a dull red residue identical with that above mentioned. 

With Sulphuric acid . — The compound is formed on adding a little 

sulphuric acid to a hot saturated solution of aurin in glacial acetic acid, and separates 
in prismatic crystals, or in flat, strongly glistening red needles containing acetic acid. An 
alcoholic solution treated in like manner yields small red needles of the compound 
containing alcohol. lk>th when heated in a current of dry air give 
off their acetic acid and alcohol respectively, and leave a dull red powder, which is 
resolved by water into aurin and sulphuric acid. A crystallised nitrate has also been 
obtained. 

With Sulphurous acid . — ^When sulphur dioxide is passed into a hot alcoholic solu- 
tion of aurin, bright red crystals are obtained of a compound to which Dale a. 
Schorlemmer formerly assigned the formula + A ^p. 119). Sub- 

sequent experiments, however, have shown that its true composition when air-dried is 
+ 4H*0. When heated in a current of dry air it gives off water 
aind sulphur dioxide. The compounds of aurin with the alkaline bisulphites, 
C'*H‘^0*,SO®KH, &c. have been alrcaidy described (vii. 119). ' 

The compounds of aurin with acids have a red colour like that of aurin itself, 
whereas those with the acid sulphites and with acetic anhydride are colourless like 
leucaurin. This seems to show that the members of the two groups differ in con- 
stitution. 

Corallln. This name is applied to the red product obtained by the action of 
oxalic and sulphuric acids on commercial phenol (vii. 391). According to Zulkovvckv 
(Lichiefs Annalen, cxcir. 109), it is a mixture of crystalline substances (20 p. c.), viz. 
rosolic acid with metallic lustre^ [ros iurin], a gamet-cdlourcd rosol/c arid. 

[aurin], and amorphous substances (80 p. c.), viz. psntdorosi die acid (res n 'Us 
and coral lin-phthalein. To separate these substances, tho corallin is pulverised, sus- 
pended in water, and dissolved by heating the liquid after addition of caustic sot la. 
On passing sulphur dioxide in excess into the solution, it becomes decolorised and 
deposits the amorphous constituents of the corallin, wliilo the ciyRtallino substances 
remain dissolved. The solution may l)e freed from the last traces of resinous niat»er 
by adding water and leaving it at rest for several days, and on heating the filtrate 
with hydrochloric acid to 70°-80^ the rosolic acids [aurin and rosaurin] are set free, 
and may be separated by washing, drying, and frac.tional crystallisation from alcohol 
of 60 per cent., and purified by recrystallisalion. The rosaurin crystallises out first, 
together with a violet needle-shaped compoun(\. then aurin, and lastly leucc rosaurin. 
The violet substiince, probably di8.solves in alcohol with brownish- 

yellow colour, in ammonia and fixed alkalis with crimson colour, and melts at 160° to 
a brittle mass having a green colour and metallic lustre. 

The amorphous iKxlies consist of colourless pseudorosolic acid and corallin-phtbalein. 
Pseudorosolic add, to which corallin owes its resinous consistency, is, when 

recently prepared, a compact, more or less reddish 'mass, which molts very easily, 
acquiring at tho same time a deeper red colour. It dissolves in alkalis with violet- 
red colour, and by treating the resulting solutions with zinc-dust or sodium-amalgam, 
and then adding hydrochloric acid, a purer product may be obtained. 

CoraUin-phthiddin, isomeric with phenol-plithalein, is formed by treating 

an alkaline solution of psiuidorosolic acid with pormanganate or ferricyanide of potas- 
sium. It is an amorphous, .strongly staining powder resembling colcothar, dissolving 
in alcohol with deep brown-yellow, in alkalis with violet-red colour. In dilute 
alcoholic solution it has a distinct chafnois-colpurod fluorescence. It docs not melt 
at 140°. It is a dye-stuff, imparting to mordanted wool and silk a golden-yellow 
colour, like that produced by annatto. Its solution in glacial acetic acid yields with 
bromine a light brick-red tetrabromocorallin-phthalcin, C“H*®Br^O* ; with nitric acid, 
4 tetranitro-derivatiye, C*®H*®(NO*)'0\ which dyes w’fiol like picric acid. By heating 
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with ammonia, it is 'ConTerted into a red, ivith anilino into a bluo compound. Its 
hydro>product. boiled with acetic anhydride, is converted into a white amorphous 
diacetyl-compound, which melts with partial decomposition at 190®. 

ROSCOB&XTB. See Vanadates. 

BOSB. The ash of the several parts of a species of garden-rose {liosa remontant ) 
has been analysed by E. Andreasch Cham. [2], xviii. 204), with the following; 

results ; 
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2-31 
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ROSE-OZB. This oil is prepared in India and Cashmere by distilling roses 
with water in earthenware or metal retorts by a current of steam conveyed by a 
bamboo pipe, mixing the condensed rose-water with a fresh portion of roses, and dis- 
tilling a second time. As the distillate cools, a thin layer of rose-oil collects on the 
surface. The oil, w'hen recently taken off, is greenish-yellow, and in the liquid state, 
after clarilication, light yellow with a bright lustre. At 25° or 28® it solidifies to an 
inodorous camphor or stearoptene (H. von Schlaginlweit-Salkiiliinski, N, Rep, Pkurm. 
xziv. 129). 

According to R. Bauer also (VingL poL J, cciv, 253), the characteristic odour of 
rose-oil belongs to the liquid portion, or olaeoptene, whilst tlio stearoptene is destitute 
of odour. It is therefore an error to assign the highest value to those samples of the 
oil which solidify most readily. Kose-oil artificially freed from stearoptene, 
exhibiting no sign of crystallisation at —15°, and soluble in alcohol of 75 per cent., 
may bo converted into stearoptene by treatment with zinc and alcohol containing a 
small quantity of strong sulphuric acid. The stearoptene thus obtained melts, like 
that of natural origin, at 33®. 

ROSBMARY-OZXi ABB CAMPHOR (Bruylants, J. Pharm. [4], xxix. 508). 
The quantity of essential oil yielded by Rosmarinus officinalis depends on the latitude 
in which the plant is grown, that from the neighbourhood of Paris yielding only 
1*4 to 1-6 grams per kilo., whilst that grown in the south of France yields 3 grams 
per kilo. When freshly prepared, it is a colourless liquid, bUt darkens in colour and 
becomes thick on keeping; it is migcible in all proportions with alcohol of 85 per 
cent. It smells strongly of rosemary, tastes hot and camphorous ; has a density of 
0'886 at 12°; turns the plane of polarisation to the left. It begins to boil at 150®, 
the temperature gradually rising to 200®, wdiere it remains stationary for a short 
time, and finally rises to 260°. By fractional <listillation, the oil may be separated 
into three portions, boiling from 160® to 180®, from 180° to 210°, and from 210® to 260®. 

Fraction boiling between 150° and 180°. — By repeated distillation and rectification 
over sodium, a liquid is obtained boiling at 157°-1 60®, which is laevogyrate. Its 
vapour-density corresponds with the formula for terpene, C’®II'®. This torpene com- 
bines with iodine, and on distilling the product, it decomposes into hydriodic acid and 
cymene, ; by the action of nitric acid, it yields a-toluic acid. 

Fraction boiling between 180° and 210®. — ^By careful distillation, a liquid boiling 
at 200®-206° is obtained, which on cooling deposits crystals molting at 176° and 
boiling at 204°. They exhibit all the properties of laurel camphor. The mother- 
liquor boils at a lower temperature, and on distillation yields a second crop of crystals 
And some terebene. Repeated distillation results in the complete separation of these 
two bodies. 

Fraetwm boiling between 210° and 260°.— On cooling this fraction in a freezing 
mixture, a large quantity of borneol separates out, which when treated with phosphoric 
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anhydride, yields a hydrocarbon boiling at 160^, and having the vapour-density 5‘23. 
This, when treated with iodine, yields cymene and hydriodic acid. Amongst the 
products of the action of nitric acid are Wncol, and a crystalline body which melts 
at the same temperature as camphor. The borneol, distilled with 'acetic anhydride^ 
yields a product boiling at 230®, which is decomposed by potash, with formation of a 
hydrocarbon, and potassium acetate. 

Essence of rosemary therefore contains : 

A hydrocarbon (laevogyrate), .... 80 per cent. 

A borneol camphor, 4 to 5 „ 

A camphor, C'®H*®0 6 to 8 „ 

When acted on by concentrated sulphuric acid, essence of,rosemary yields a mixture 
of cymene (b. p. I?**)®), and torpene (b. p. 16®), and on oxidation with chromic mixture, 
a small quantity of camphor, some formic and acetic acids, and terophthalic acid. 

RUBEOSZV. See Futhalein-Btks (p. 1614). 

&UB1DZUM and CJE8ZUM. On the preparation of these metals from lepido- 
litc, see H. Peterson (Dingl. pol. J. ccxxiii. Ill ; Che^n, 8oc. J. xxxin 706). According 
to Cossa {Gass. chim. Hal. 1878, 235), the alum of the island of Vulcano is- with 
exception of the very rare mineral, pollux— the richest known source of caesium and 
rubidium. On the separation of these metals from it, see p. 1331. 

Sohthility of Rubidium and Ctssium salts . — On comparing the solubility of these 
salts with the corresponding salts of the other alkali-mctuls, it is found that nearly 
all the simple salts of caesium and rubidium are consiiorably more soluble than those 
of the other alkali-metals, and that, on the contrary, tlio double salts of cffisium and 
rubidium, as well as those which contain complex acid radicles, are much less soluble 
than the corresponding salts of the other alkali-mettils (GodefFroy, Ber. ix. 1363). 

The following salts of these metals have been examined by Godeffroy (Lhhig*s 
Annalen^ clxxxii. 176 ; Ber. ix. 1363; Arch. Phar7n. [3], xii. 47), in addition to those 
already described (p. 368). 

Cblorldes. Casioplaiinous Chloride^ 2CsCl,PtCl*, is formed by heating esDsio- 
platinic chloride to fusion with oxalic acid, or in a stream of hydrogen, and separates 
on evaporating the red solution Altered from metallic platinum, in long nionoclinic 
prisms, permanent in the air, dark-rod by transmitted, green by reflected light, and 
exhibiting a fine play of colours. They melt without alteration, but are decomposed 
at a red heat into caesium chloride, metallic platinum, and free chlorine. They are 
moderately soluble in water, insoluble in alcohol. 100 pts. of water dissolve the 
following quantities of the salt: 

at 20® 40° 60® 80° lOO® 

3-4 6-73 8-68 10-92 12-10 parts 

The yellowish-red solution is not altered by boiling, but is pa rtially decomposed on addi- 
tion of alcohol, more completely when boiled with glycerol, whereby indeed the whole of 
the platinum may bo precipitated from the solution. The crystals are rhombohedrons 
with rounded edges. Cmiopalladiovs chloride, 2C8,PdCl*, crystallises fnjin aqueous 
solution in tufts of dark red-brown highly lustrous needles. The solution is decom- 
posed by boiling, the whole of the palladium being prccipit-itcd as a black powder. 

CtBsioauric chloride, CsCl.AuCl®, forms small reddish-yellow needle-shaped crystals, 
somewhat sparingly soluble in water, alcohol, and ether. 

Ceesiomanganous chloride, CsCljMnCP, is obtained as a crystalline anhydrous pre- 
cipitate on mixing the solutions of the two salts in hydrochloric acid, and the mother- 
liquor, when left to evaporate, yields small reddish monoclinic prisms of the hydrated 
salt 2(CsCl,MnCP) + 5H''0. 

Rubidium chloridLe, RbCl, crystallises in forms of the regular system, the 
cube predominating. 

Rubidium-antimony chloride, 6KbCl,SbCl®, forms hexagonal plates exhibiting the 
combination OP.P, with ooP subordinate. The P-faces are deeply striated in the 
horizontal direction. The angles of the lateral edges are equal to 129® 30', whence 
a: c=» 1 : 1-8336. Rubidioferric chloride, 6RbCl,Fe*Cl®, is obtained by evaporating a 
solution of the two chlorides with a little hydrochloric acid, in small yellowish-red 
orthorhombic crystals, permanent in the air, very soluble in water, separated by con- 
centrated hydrochloric acid as a yellowish-red precipitate. 

RMdxo-manganous chloride, 2BbCl,MnCP-t- 311*0, separates, on slow evaporation 
of the mixed aqueous solutions of the component chlorides, in large pale red crystals 
easily soluble in water, insoluble in alcohol. From its concentrated solution it is 



RUBY— ItUFIGALLOL. 1767 

precipitated by strong hydrochloric acid as an anhydrous crystalline powder. Riihidio- 
cadruio chloride, 2RbCl,Cd01*, is obtained as a crystalline deposit on mixing the 
solutions of the two chlorides in hyd^cliloric acid. If, however, tlie cadmium chloride 
is in excess, another double salt, 2(RbCl,CdCr'‘) + H‘0, separates in long hard needles 
having a silky lustre ; and on evaporating the mother-liquor to dryness, and dissolving 
the residue in water, the salt 4(RbCl,CdGP) + H'-'O is obtained in large well-defined 
prisms, RiMdio-m&rcurio chloHde, 2R4Gl,IIgCl*, is obtained, on mixing the neutral 
solutions of tile two salts and evaporating, in small anhydrous needle-shaped crystals ; 
and on dissolving these in water, and leaving the solution to evaporate, the hydrated 
salt, 2RbCl,HgCP + 2H'‘*0, separates in largo colourless prisms. The salt RbCl,2lIgCr‘* 
is obtained on evaporating the aqueous solution of equal weights of the component 
chlorides, as a thick crystalline pulp of silky needles. When heated to 60'^, it gives 
off half of the mercuric chloride, and is converted into RbCl,HgCl*. 

Rud)idio-aurUi chloride, RbGl,AuCl*, is obtained on mixing the moderately dilute 
solutions of the component chlorides, as a golden-yellow precipitate, the aqueous 
solution of which yields the salt on evaporation in long golden-yellow prismatic crystals 
resembling those of saltpetre. When heated it first changes into reddish-brown 
rubidio-aurous chloride, and at a rod heat is easily and completely resolved into 
rubidium chloride and metallic gold (Gcdelfroy, Arch. Pharm. [3J, xii. 47). 

Sillcotungstates. On mixing an aqueous solution of caesium chloride with 
silicotungstic acid (v, 916), a white crystalline precipitate is formed, which, when 
washed and dried, has the composition JSiW*'‘‘0*'^Cs'*, or 4Cs*0,Si0^12W0®. 100 pts. 

of water dissolve only O'OOo pt. of this salt at 20®, and 0‘62 at 100®, or 1 pt. of the 
salt dissolves in 20,000 pts. o£\ ater at 20®, and in 192-200 pts. at 100®. The salt is 
quite insoluble in alcohol ana in water containing hydrochloric acid, but dissolves to 
a not incoiisi'lcTablo amount in dilute ammonia. 

The corresponding nibidinm salt, obtained in like manner, is a white precipitate ; 
lOOi pts. water dissolve 0‘69 pt. of it at 20®, and 5 06 pts. at 100®, or 1 pt. of tlie .salt 
dissolves in 145-150 pts. of water at 20®, and in 19-20 pts. at 100®. It is insoluble in 
alcohol, sparingly soluble in water containing hydrochloric acid, but extremely soluble 
in ammouiacal water (Godelfroy, Rer. ix. 1363). 

Moiwmhidium Vioxalate, RbHC*0*,0*H^0*. See Oxalatks (p. 1454). 

RVBZJBRVZirE, G‘”Il^^NO*‘‘. See Veratrum Axkaloids. 

RUBY and SAPPHZBB. Artificial Fonnation , — When a mixture of equal 
parts of alumina and minium is heated to redness in a crucible, a vitreous substance 
is produced consisting of lead silicate (the silica being derived from the crucible), 
togriher with white corundum crystallised in hexagonal prisms. An addition of 2 or 
3 per cent, potassium dichromate converts this white corundum into ruby, and a 
little cobalt oxide witli a trace of the dichromato yields sappliires. The crystals 
sc rateh quartz and topaz, and have asp. gr. of 4'0-4'l. The artificial rubies, like 
the natural gems, are transiently decolorised by ignition. Another mode of operating 
is to use two crucibles, the lower coutRiniiig a mixture of equal parts of alumina and 
barium fluoride, the upper serving as a cover. At the termination of the experiment, 
rose-red rubies are found in the lower crucible, while the upper contains colourless, 
long, or sometimes shorter, monoclinic prisms, consisting of 34*32 per cent. SiO*, 
36 04 RaO, and 30*37 Al*0*. The reaction consists in the formation, in the first 
instance, of baryta and alurainiunHfluorido, which latter is resvfived into alumina and 
hydrogen fluoride, but must at the same time serve as a means of trari-sport to the 
baryta, which, together with a portion of the alumina and silica from the crucible, 
forms the double silicate (Fr^ray a. Foil, Compt. rend. Ixxxv. 1029). 

RUFZGAZiZiOXif or Hexhydroxy-anthraquinone, 

« G«H2(CO)*(OH)®. 

Rvfigallic ojcid . — This view of the constitution of rufigallol, first suggested by JaflfA 
(lier. iii. 964), is supported by the fact that it is reduced by sodium-amalgam to 
alizarin (dihydroxyanthraquiuone) (JaffS, he. cit . ; 0. Widmann, Ber. viii. 109), and 
by heating witli zinc-dust to anthracene, 0'^Il*®(Jaffe, he. cit . ; Klobukowski a. Nolting, 
ibid. 810, 831). According to Schiff’s view, who regards rufigallol as digallic anhydride 
(vii. 1062), it should he convertible into gallic acid ; this conversion, however, was 
found by Klobukowski a. Nolting not to ho produced either by hydrochloric acid at 
250°, or by potash-ley at 200°. Moreover, when heated to 260° with acetic anhydride, 
it yields a h exace tyl-derivativo, C**H*(C*n*0)®0*. Rufigallol, boiled with 
excess of monochhracetyl chloride, exchanges only 1 at. hydrogen for chloracetyl, 
forming the compound G’ ^11^(0* I12G10)0*, which is insoluble in water, alcohol, benzene, 
and carbon sulphide, and slightly soluble in glacial acetic acid, from which it crystal* 
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Uses in yellov-brown microscopic needles; in strong potash-ley it dissolves with 
indigo-blue colour, in strong sulphuric acid with blue colour (Klobnkowski, Ber, x. 
880). ^ 

Kufigallol is not acted upon by tin and hydrochloric acid, but when heated for an 
hour or two with excess of hydriodic acid (sp. gr. 1*96) and white phosphorus to the 
boiling point of the hydriodic acid, it is converted into the compound which 

forms a yellow powder, consisting of microscopic needles insoluble in the o^inarj 
solvents, but dissolving in strong sulphuric acid to a greenish-blue liquid (changing 
when further heated to blue and then to violet), from which water throws down 
greet)ish-yollow flocks. In contact with water and sodium- amalgam, this compound 
dissolves, forming a red liquid. When distilled with zinc, it yields anthracene. 
When boiled with acetic anhydride^ it yields an acetyl-derivative, C'^HXC*H*0)®0’ [?], 
which dissolves in glacial acetic acid with splendid blue fluorescence, crystallises 
from the solution in greenish-yellow needles, and dissolves in sulphuric acid with 
green colour changing to blue (Klobukowski, Bet. ix. 1256). 

Metb jl« and Etbyl-derlwatlwes. Rufigallol, heated for three or four hours 
at 120^-130^ with excess of methyl iodide, potash, water, and a small quantity of 
methyl alcohol, is converted into a red mass, which, when crystallised from acetic 
ether, yields laminae having a golden lustre, or lancet-shaped needles consisting of 
tetramethylriifigallol, C'’H‘*0* = G*W(CH*)W. This compound is insoluble 
in ether, sparingly soluble in boiling alcohol, easily in ethyl acetate and glacial acetic 
acid. When boil^ with a strong alkaline ley it dissolves slowly, forming a rod liquid ; 
strong sulphuric acid, on the other hand, dissolves it readily on boiling, forming a 
crimson solution from which water throws down yellow flocks. It melts at about 
220®. Tetrothyl-rufigallol, C*^HXC*H*)^0", prepared in like manner with 
ethyl iodide, is somewhat sparingly soluble in boiling alcohol, and crysbillisos 
therefrom in ruby-red needles. It dissolves sparingly in ether, easily in chloro- 
form, benzene, ethyl acetate, and hot glacial acetic acid ; reacts with alkalis^. and 
strong sulphuric acid like the tetramothyl-compound ; melts at a temperature a 
little above 180®. By further digestion with ethyl iodide and potash, it is converted 
into hoxethyl-rufigallol, C*^H*(C*I1*)*0", which crystallises in orange-yellow 
needles easily soluble in ether, carbon sulphide, benzene, hot glacial acetic acid, and 
hot dilute alcohol, and molts at about 140®; it is insoluble in alcohol, but dissolves 
with crimson colour in sulphuric acid (Klobukowski, Ber. xi. 880). 

EirFXHTBXOSZil.iiGlC ACXB, See Ellagic Acid (p. 730). 

RUTBEminiX. According to Deville a. Bebray {Compt, rend. Ixxx. 457). 
ruthenium tetroxide decomposes at 108® with violent explosion, producing a thick 
black smoke like that which is given off in the combustion of turpentine-oil, and a 
strong odour of ozone. On the other hand, this oxide is formed when ruthenium is 
heated in the oxy-hydrogen blowpipe, ozone being produced in this case. Ruthenium 
dioxide, heat^ in a stream of oxygen at a temperature somewhat above that of 
melting copper, is converted into very finely developed crystals, ruthenic anhydride 
being perhaps temporarily formed. 

RVTZBE. See Titanium. 

EVTZETBEErE, syn. with Nonylacetylene, C"H«> = C»H’»C^CH (p. 1421). 

EYE. Secale cereale. — A. Muntz (Compt. reiyi. Ixxxvii. 679) has found in unripe 
rye-grain a peculiar substance called eynantkrose (as it is also found in several 
synantheaceous or composite plants), convertible by boiling with dilute sulphuric acid 
into levulose (see Sugars). It disappears as the grain ripens, being converted into 
starch. 

To detect ergot in ryc-flour, R. Bottger {Zeitschr. anal. Chem. 1874, 80) treats a 
sample of the flour in a test-tube with an equal volume of ether, adds a few crystals 
of oxalic acid, and heats the whole for a few minutes to boiling. If ergot is present, 
the solution exhibits a more or less reddish colour. 
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SABADZXiliA. On tho Alkaloids of Sabadilla seeds, see Vebatbum Alkaloids. 

8ACCBABZC ACZD, 

=* C^H\OH)<(GOOH)* = CO*H— (CHOH)®— CO*H. 

Action of JPhx)^homs PentoGhlcride, — ^According to Wichelhaus (Liebig's Annalen, 
czxxv. 252), the action of PCI* on cadmium saccharate does not give rise to any 
organic chloride. 0. J. Bell, however (Ber. xii. 1271), by substituting the potassium 
salt for the cadmium salt, has obtained chloromuconic acid, C*II^CPO\ crystal- 
lising from alcohol in long silky needles, sparingly soluble in ether and in water, 
melting at 2i;0®, and agreeing in other respects, and in the properties of its ethylic 
ether, with the chloromuconic acid obtained from mucic acid (vii. 827)* 

Ammonium mccharate, slowly distilled at the heat of a paraffin-bath, breaks up 
almost quantitatively into pyrroline, carbon dioxide, ammonia, and water : 

C®H*(NH<)20® = C<H*N + 2C0* + NH* + 4H*0. 

f 

Ethylamino saccharate is also decomposed in a similar manner, yielding ethyl-pyrroline 
in theoretical amount. No ! race of any carboxylated derivative of pyrroline appears to 
bo formed in either case. ]?;• tuese reactions, saccharic acid is distinguished from its 
isomeride, mucic acid, tho amine salts of which, when heated, yield alkyl-derivativcs 
of pyrroline, together with tlie alkylamidcs of. the mono- and di-carboxylatod deriva- 
tives of these pyrrolines (see Ptbrolines, p. 1728) (0. A. Bell a. E. Lapper, Ber. x. 
1901). 

SACCKARZTZS. Glockcr in 1845 (J. pr. Ckem, xxxiv. 494) described a mineral 
which he namerl saccharite, from its granular, sugar-like appearance. It was originally 
found on tho Glasondorfor Berg, near Frankenstein in S;ixony, in a chrysoprase mine. 
According to Glocker, saccharite encloses pinchbeck-brown mica-scales, small plates 
of talc, green fibrous hornblende, long isolated tourmaline crystiils, and finely divided 
disseminated iron pyritc.s, the surface of tho specimens being generally coated with a 
crust of green pimclite. According to an analysis by C. Schmidt (v. 144), sacchante 
i.s a felspar most nearly approaching andesitic in composition. A. v. Lasaulx {Jahrh. 
/. Mhi. 1878, 628) obtaincil some specimens of a mineral (which appeared to bo 
identical with sacchariio in its physical properties) from the five serpentine mounds 
of the Gumberg, near Frankenstein, and examined tliem microscopically, together with 
tho original specimen described by Glocker. Glocker’s saccli.irito consists mostly of 
fine-grained plagioclase, exhibiting a very distinct twin-striation, and optical pro- 
perties closely resembling those of oligoclase or andosino ; next in amount comes 
orthoclase, then hornblende and tourmaline crystals, whilst in one specimen (in 
addition to tho minerals already mentioned) minute fibres of talc were observed. 
Some specimens of saccharite from the Wachberg, near Baumgarten, contained a 
largo quantity of round quartz-grains, together with plagioclase, and a few isolated 
epidote grains. The Gumberg sf^ccharite differs considerably in its microscopical 
character from that of tho other localities, although its outward appearance is 
almost identical with that of Glocker s saccharite, some specimens being white, 
with a green coating of pimelito, whilst others have a yellowish, reddish, or deep 
red colour. Quartz was found to bo the predominating constituent of Gumberg 
saccharite. The yellowish-red specimens were found to be a mixture of pre- 
dominating quartz, with a small quantity of plagioclase, and a small quantity of 
colourless, granular girnet, diopside, and epidote. The garnet grains are generally 
arranged in rows, one behind the other, but they sometimes occur in bands and 
lenticular forms, in conjunction with granular quartz-aggregates. They seldom enclose 
other minerals, quartz being the only exception. Tho brown-rod saccharite owes its 
colour to ferric oxide, which is evenly distributed throughout the mass. The felspar 
grains did not exhibit any signs of decomposition in any of the specimens, a fact which 
is at variance wiGi the opinion that * saccharite is a felspar very much altered, and 
undergoing decomposition^ (Blum. Min, 2. Avfl, 310). From microscopical examina- 
tion of the various varieties of saccharite, v. Lasaulx is of opinion that it cannot any 
longer be considered as a distinct plagioclase species, but only as a rock-like varia'ble 
mixture of plagioclase with other minerals, because the plagioclase almost disappears 
in some cases ; and he concludes from its peculiar occurrence in the serpentine rocks, 
that it is a product of the decomposition of hornblende rocks. 
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8ACCBA110SB. See Suoab. 

SAFRAWZirBf This name has been given to a red colouring matter 

(also called ‘aniline-pink’), obtained by Perkin as a product of the oxidation of 
mauveine; also to a product which Hohnann a. Gf*yger obtained by treating ortho- 
toluidino, or crude aniline containing it, first with nitrous acid, and then with arsenic 
acid, or better with chromic acid (vii. 1063)^. Subsequent researches, however, by 
Dale a. Sehorleminer {Chem. Soc. J. xxxv. 683)) and by Perkin (ibid. 7-8), have shown 
that the products formed in those two processes are not identical but: homologous, the 
body obtained from orthotoluidine having the composition and being formed 

as already pointed out (vii. 1063), according to the equations 3C’H®N-}- NO*H» 
2H='0 + and -t 02== ‘ifPO -f C2*H2®N^ whereas the colouring matter 

obtained by oxidation of mauveine has the composition and is probably 

formed according to the equation : 

+ 0*' = + 7CO* + SH^O. 

The name safranine is now therefore restricted to the higher homologue (C**), while 
the lower (0“) is called paraaafranine. 

Safranine is also produced in considerable quantity, together with paratolylene- 
diamine, by heating amidazortholuene with orthotx)luidine hydrochloride in alcoholic 
solution at 150'’-160^ : 

2(C’H».N2 C7iia + C»H*(NH2)2 

(0. N. Witt, Bcr. x. 873). 

Safranine is now used extensively in the dyeing of silk, and according to K. Bottger 
(X. Rep. Pharni. xxiii, 181) is easily obtained chcmicaily pure by treating the com- 
mercial product witli alcohol. It then forms a powder having a greenish surface- 
shimmer and metallic lustre, and possessing extraordinary tinctorial power. A 
peculiar and beautiful play of colours may be produced by sprinkling a few particles 
of the powder in a porcelain capsule with a drop or two of strong sulphuric ifcid, 
stirring it at the same time with a glass rod, whereupon a most splendid blue colour 
is produced which, on addition of a drop or two of water, changes to a brilliant 
emerald-green, and by alternately dropping in sulphuric acid and water, almost all 
the colours of the spectrum may bo produced in great beauty. 

The following process for distinguishing oafranino fi*om magonta-fuchsine of similar 
hue, is recommen led in Keinmanu’s ‘ Farbezeitung ’ and Ditifil. poL J. ccxii. 631. If 
the dye-stuff is in the solid state, a few grains of it may be placed on a watcli-ghass 
and sprinkled with 6 drops of strong sulphuric acid, which will dissolve fiiehsiiio witli 
brown-red colour, whereas with safranine the solution will at first exliibit a green 
colour, changing to a fine blue, A solution of safranine in alcohol exhibits by trans- 
mitted light a clear roseate hue, in reflected light a muddy ponceau to scarlet colour ; 
a solution of fuchsino does not exhibit this dichroi'sm. Dyed stuffs may bo l)oiled 
with alcohol, which takes up the colouring matter, or they may be treated as follows ; 
Stuffs dyed with fuclisirie become lighter in colour when wanned with dilute soap- 
solution, and are completely dccolorisctl by warming with solution of sodium carbonate, 
w'hereas those dyed with safranine are not altercil by either mode of treatment. On 
drenching the dyed stuff with water containing hydrochloric acid, and immersing a 
plate of zinc in the liquid, fuchsine is decolori.sed as soon as the evolution of hydrogen 
begins, whereas safranine remains unaltered for a few minutes and ultimately turns 
yellow. 

Paraiafiranlnef is obtained, as already observed, by oxidation of 

mauveine. Perkin prepare.s the hydrocliloridc, by disiolving mauve 

dye in water acidulated with hydrochloric acid, keeping the solution at the boiling 
heat, adding freshly precipitated lead dioxide by small portions till the oxidation has 
proceeded far enough, then adding sodium hydrate in .slight excess, filtering, boiling 
the red filtrate for a short tioio with a little powdered zinc and calcium carbonate, 
again filtering, slightly acidifying with hydrochloric acid, and adding a little sodium 
chloride to facilitate the precipitation of the colouring matter. The hydrochloride is 
thus obtained as a red-brown precipitate, dissolving in water and alcohol with a 
splendid red colour, and giving by analysis 67'96 per cent, carbon, 6*66 hydrogen, 
and 10 ‘21 chlorine, the formula requiring 68*44 C, 6*42 If, and 10*41 Cl. Similar 
results have been obfciincd by Dale a. Sehorleminer. The other salts of parasafranine 
are prepared by mixing the solution of the hydrochloride in boiling water with a 
slight excess of caustic alkali, then acidifying with the required acid, and, if neces- 
sary, saturating the solution with a soluble salt of the same acid. The oxalate thus 
prepared may be obtained in needles of a dark green metallic aspect by adding oxalic 
add and leaving the solution at rest. The nitrate, C2®fl‘*N\HNO*, crystallises beau- 
tifully from alcohol in long needles having a dark green metallic reflex, and appearing 
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of a dark garnet-rod colour by transmitted light. It dissolves somewhat sparingly in 
cold water, with moderate facility in boiling water and in cold alcohol, freely in boiling 
alcohol. 

Safranino salts differ from those of parasafranine in the colour which they impart 
to silk, yielding shades which are somewhat more scarlet (Perkin). * 

The following formula3 are suggested by Perkin as probably representing the con- 
stitution of safranine and parasafranii/e : 

N.C®H^CmNH.C«H^ 




CH<OH*NH 

Safranine. 








\C‘H* 


Parasafranine. 

0. N. Witt, on the other hand, represents safranine by the constitutional formula: 






1 




SAFSOXi. See Sassafras>oil. 

SAFROSXW. A colouring matter belonging to the resorcinol-group, and pre- 
pared by dissolving 9 kilos. 'of tctrabromofluorescein in calloiline water, adding 8 kilos, 
sodium nitrate, heating the mixture to boiling, and then adding 16 kilos, of sulphuric 
acid 86® B. The precipitate is filtered oflF, washed, dissolved in dilute soda-ley, and 
evaporated. The salt thus obtained dyes wool with a more bluish- red tinge than 
tetrabromofluorescein (Bindschcdlor a. Jlusch, Chem. News, xxxviii. 226). 

SAGAPEXfUAS. All \«ificties of this resin when moi.stonod with alcohol and 
treated with strong sulphuric acid dissolve w-ith dark brown colour, tlio solution 
sometimes becoming oarmiue-red at the edges; on addition of alc«)hol, the colour 
cliangos to light brown-red, violet, and sometimes blue. Hydrochloric acid added to 
saghpenum moistened witli alcohol produces a yellowish-rcci or sometimss roso-reil 
coloration passing into violet, hlne-violct, or even blue. Sagapenum distilled with 
steam yields 7’o per cent, of a sulphuretted oil smelling like garlic. Potroltmm ether 
dissolves sagapenum more abundantly than galbannm or gum arnmoniacum, the dis- 
solved portion consisting of volatile oil and resin, and containing sulphur (Hirschsohn, 
Jahrejih.f, Chem, 1875, 8.59), 

SAGE-OXXi. TIio volatile oil of Salvia officinalis has been examined by Muir a. 
iSigiura (P/^l7. Mag. 1 5], iv. 336 ; Chem. Soc. J. xxxiii. 292), and further by Muir 
(Chem. News, xli. 223). Tlio composition of the oil varies with its ago. When freshly 
di.stilled, it e<.)ntains comparatively small quantities of salviol, camphor, .and 

C(?drene, but as it ages, l-hese substonecs increase in quantity, especially the first twtx 
The oil distilled from English sage contains much cedrene boiling at 260®, together 
with small quantities of terpene, and traces of oxidised compounds. The terpene of 
sago-oil is identical with that obtained from French turpentine ; an isomcride of 
terpene, boiling at 171®, appears also to be present. 

Salviol, C‘®I.P'’0, has a sp. gr. of 0*934 at 15®, and a refractive index for the line 
I) at 20®, equ.'il to 1’4623 : hence specific refractive energy = 0*495. A column 
100 mm. long rotates the polarisetl Kiy 15*13® to the right : hence specific rotatory 
power = +16*19. Phosphoric anhydride exerts on ssilviol a very complex action, 
yielding polymcrides of oije boiling at 171®, a hydrocarbon of the benzene 

scries boiling below 130®, and a paraffin boiling between 170® .-ind 180® ; no cymene 
is formed, even if the aclion be continued for some time. Phosphorus pentachloride 
acts on salviol at high temperatures, producing a chlorinated derivative which is 
decomposed by distillation, yielding a terpene boiling at 157°, and probably the 
paraffin above mentioned. Bromine acts energetically on salviol, with liberation of 
hydrogen and carbon, and formation of a brominated oil, and, under certain conditions, 
small quantities of a camphor melting at 174®, and boiling at 205®. This camphor 
separates also from the portions of sage-oil distilling between 205° and 208° ; it is 
partially soluble in salviol, but separates out on cooling the solution to —15°. It is 
chemically identical with laurel camphor, but is optically inactive. 

The compounds present in sage-oil are stable when pure, but dccompo.se w’hen 
mixed with small quantities of other bodies ; and during the ageing and fractionation 
of the oil, processes of oxidation, deoxidation, and polymerisation probably occur 
simultaneously. 

SAXX. An alcoholic drink prepared in Japan from rice. For the mode of pre- 
paration, see 0. Korschelt (Bingl. pol. J. ccxxx. 76, 172, 229, 330, 421 ; Chem. Soc.J. 
xxxvi. 413). 

SAXiXCTEXC, or ORTBO-BYDROETBEirZOXC ACXB, 0>.OH.CO^n.H«. 
(Seo pp. 278, 1461). 
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SALIOrLURIO AOID— SALTS. 


SAUCnVMC ACZB, 0*H*NO^ This acid has been found, together with 
salicylic acid, in the urine of fever patients to whom large doses of salicylic acid had 
been administered. The two acids are best separated by treatment with a mixture of 
ethur and benzene, in which salicylic acid dissolves more readily than salicyluric acid. 
From the aqueous solution of an impure mixture of the two, the salicyluric acid crys- 
tallises out la»t on cooling (Beck, £er. viii. 817). 

SAUXSTZirf CH'^O, is produced by tHe action of sodium-amalgam on para- 
hydroxybenzoic acid ; salicylic acid appears to yield an isomeric compound (A. von 
den Velden, J. pr, Chem, [2], xv. 163). The glucoside of saliretin appears to be 
formed by the action of acotochlorhydrose on sodium-amalgam (A. Michael, Compt, 
rend. Ixxxix. 355). 

8AUTB. This mineral, from the granular limestone of Albrecbtsberg in Lower 
Austria, where it occurs in groups of crystals 12 cm. long, has been analysed by 
E. V. Bamberger {Min. Mitth. 1877i 273). A. analysis; B. values calculate from 
the formula MgCaSi^O* : 

SIO* A1*0« FeO CaO MgO Sp. gr. 

A. 55-60 0*16 0*56 2677 18*34 = 101-43 3 167 

B. 55-56 — — 25*92 18*52 * 100 

According to E. Kalkowsky {Jahrh.f. Min. 1875, 755), salite is a widely diflused 
constituent of ciystalline slates, also of the chloritic gneiss of Silesia, the dioritic slates 
of Kupferberg, the mica slate of Waltersdorf near Kupferberg, the hornblende slate 
of Haspenau in Bohemia, and of the erlan of Schwarzcnberg in the Erzgebirge. 

SAliTS. The specidc gravities of a large number of salts have been determined 
by students working under the direction of F. W. Clarke, and published by him in 
Silliman's Journal.^ [3], xv. 281. The weighings were made in benzene, but the 
numbers all refer to water at its maximum density as unity. 


BaPO« . 




• 

, 8-2179, 8-1883, 8 2888 at 18°. <• 

Agio* . 





. 8-4023 at 16-8° ; after rocrystallisation 
from ammonia, 5-6.173 at 14-8°. 

PbPO*. 





. 6-1783 at 19°; 613-22 at 21°. 

NH<IO* 





. 3-3088 at 21° ; 3-3372 at 12-8°. 

CdP . 

* 



• 

. 6-9887 at 12° ; 6-9738 at 13-8°. 

Bil* . 





. 6-9226 at 16° ; 8-8813 at 17-5°. 

K'^NiCy\H*0 

■ * 




. 1-876 at 11°; 1-871 at 14-5°. 

K*PtCy\3H*0 





. 2-6241 at 13° ; 2-4548 at 16°. Crystals 
slightly moist. 

NH^CyS . 

, 




. 1-299 and 1-316 at 13°. 

K*CrCy'»S'»,8H»0 




. 1-7051 at 17-6°; 1-7107 at 16°. 

K-PtCy*S* .. 





. 2-370 at 19° ; 2-342 at 18°. 

Sodium nitroprussidc 




. 1-6869 at 26°. 

NiNW,6H*0 





. 2-065 at 14°; 2-037 at 22°. 

ZnN*0*,6H*0 





. 2-063 at 13°; 2 067 at 16°. 

CdN*0«,4H*0 





. 2-450 at 14°; 2-460 at 20°. 

BiN*0«,5n*0 





. 2-823 at 13°. 

KBrO* . 





. 3-323 at 19°. 

AgBrO* 





. 8-1983 at 16°. 

BaBr^O® 





. 4-0398 at 17°. 

CaS*0» . 





. 1-8716 at 13-5°. 

SrS*0»,6H20 





. 2-1566 at 17°. 

BaS*0» H^O . 





. 3-4461 at 16°. 

BaP*H*0*,H*0 

MgPH^0^6H*0 





. 2-8718 at 10°. 





. 1-8886 at 12-6°. 

NaPO» . 





. 2-4766 at 19-8°. 

KPO* . 





. 2*2639 at 14-5°. 

Na^O« . 





. 4-1743 at 20-6°. 

Na*WO*.2H*0 





. 3-2688 at 17-6°. 

BaWO^ 





. 8-0038 at 13-8°. 

NiWO* 





. 6-8846 at 20-6°. 

BaMoO* 





. 4-6889 at 17-6°. 

SrMoO* 




• r 

. 4-1654 at 20-8°. 

Na*PO* 





. 2-8111 at 12° 

Na*iwOM0H*O 





. 1-7726 at 21°. 

MgCrO«,7H*0 





. 1-7613 at 16°; at 180°6mols of water 


go off ; the 7th mol. cannot .bo driven 
off without decomposing the salt. 
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SALTS., 


W0*CrO<. . . . . . l-9138atl2». 

(NH*)*CrW 2*1223 at 16®. 

Nu«CrO^ 2*7368 at 12®. 

(NH0*Mg(CpO<)*6H2O. . . . 1*8278 at 16®. 

K*Mg(OrO*)MPO .... 2*6804 at 19®. 

CrW (well crystallised*) . . . 2*3572 at 17*6®; 2* 

, 2*349 at 20®. 

^ The molecular volumes of these chromates are almost identical with 
' responding selenates. 


3766 at 16*5®;’** 
those of the cor- 


Zn‘P'^0» 

Ni'^P'O' 

BosO‘, 4H*0. 
SiiCP.2IPO . 


nm t-^nh^Cpw: 
KIO« . 

TeO» . 


H^O 


Mg'P*0' 
Co«P‘^0» 
Mn^As^O’ . 


MgUs^O' . 
CrK>C«0'»,3H20 
HgPCuI . 
Hg(C=‘IP02)2. 
TgO» . 

BaTeO* 


• • 


3*5847 at 20®. 

3*7638 at 23®. 

3*9403 at 25®. 

4*7034 at 21®. 

1*6743 at 22®. 

2*634 at 24®. 

3-2336 at 21®. 

3*802 at 18®. 

5*0704 at 14*5®. 

2*5988 at 22®. 

3*746 at 23®. 

3*6832 at 23®. 

3*7305 at 16®. 
w-1039 at 23®. 

6*1602 at 15°. 

3*2544 at 22®. 

6*7559 at 12*6®. 

4*5486 at 10*6® (feebly ignited). 


* On the Melting Points of Metallic Salts, see Carhelley (p. 937). 

Diffusion of Salts in Solution. — The simultaneous diffusion of salts which do 
notact chemically on one another —in other words, of such as contain the same base or 
the same acid — has been investigated by Marignac {Ann. Chim. Phys. [6], ii. 546 ; 
Chem. Soo, »/. xxviii. 35; Jahrtsh.f. Chem. 1874, 37) in an elaborate series of experi- 
ments, the main result of which is to confirm Grahams observation that in a mixture 
of two salts, the diffusibility of the less diffusible is diminished, while that of the more 
diffusible is in some cases slightly increased, in others dimitiished. but alwavs in a 
smaller degree than that of the less diffusible salt. This mutual influence becomes 
less as the solutions are more dilute, but the limit towards which dilution tends to 
bring the ratio of the coefficients of simultaneous diffusion does not coincide with the 
ratio of the coefficients of separate diffusion, except in the following cases : The 
chlorides of potassium, sodium, and ammonium in presence of the corresponding 
nitrates ; sodium chloride and ammonium chloride ; potassium nitrate and ammonium 
nitrate ; the sulphates of potassium and ammonium in presence of magnesium 
sulphate. 

Mixtures of two salts which are capable of forming double salts — K'-^O^ and 
MgSO\ for example — exhibit no tendency to diffuse in equivalent, proportions : hence 
it is probable that double salts are not completely formed in solution, but only at the 
moment of crystallisation (compt^re p. ). No resolution of a salt into acid and 
base by diffusion was observed in any of the experiments. 

The several acids and bases exhibit the same order of diffusibility in all their 
compounds, the acid and basic radicles of the salts examined ranging themselves in 
the two following series, each beginning with the most diffusible ; those among 
which the order has not been determined wdth coi-hiinty are grouped in brackets ; 


Negative ; [Chlorine, bromine, iodine] ; nitric acid ; [chloric, perchloric, and per- 
manganic acids] ; fluorine ; chromic acid ; sulphuric acid ; carbonic acid. 

Positive : Hydrogen ; [potassium, ammonium] ; silver, sodium ; [calcium, strontium, 
barium, lead, mercury] ; [manganese, magnesium, zinc] ; copper ; aluminium. 

On the constitution of Salts in Solution as determined by their Thermic rdatiom^ 
see Hbxt (pp. 978 -987). 

Solubility of Saline Mixtures (F. Rudorff, Bcr. vi. 482, 643\ — When water is 
saturated with two salts which exert no chemical action on one another (the same acid 
or base being common to both), the solubility of each is found to be diminished. For 
example, 100 c.c. water at 12® di.ssolve 29*1 grams of NH^Cl and 173 8 grams of 
NH^NO* together, whereas 100 c.c. water at the same temperature can dissolve 
37*0 grams NH^Cl, or 183*0 grams NH'‘NO* singly. In some cases the proportion of 
each salt which dissolves is iiot*iniluencod by the presence of a large excess of either 
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salt, but iu other cases the presence of a krge excess of one salt will almost prevent 
the solution of another. This is well illustrated by the behaviour of a saturated 
solution of the double salt, (NH0“SO^,CuSO<. 10 grams of this solution contain at 
1 6®, 0 855 gram of CuSO^ and 0 712 of (NH*y'*SO\ but if one-fifth of its weight of 
CuSO^ be dissolved in it by the aid of heat, the solution, when cold, contains 1*585 
grams of CuSO"* and only 0'566 of (NU^)“SO\ If, on the other hand, one-filth of 
(NH^)‘-SO^ bo dissolved by the aid of heat in 10 grams of this solution, and the whole 
be allowed to cool, the liquor will retain only 0-177 gram of CuSO\ but 1-816 of 
(NII^)*SO^ If a larger amount of ammonium sulphate be employed, the quantity of 
copper sulphate remaining in solution may bo still furtliei- reduced. 100 grams of 
water at 16*1® dissolve 76'2 grams CuCl- or 121*4 grams CuCl“ + 2n'‘*0, 

2. Rudorlf has also endeavoured to ascertain whether a saturated solution of salts 
containing tw'O bases and two acids is the .same iu w-hatever manner the bases and 
acids are combined ; for instance, whether a siiturated solution made from a mixture 
of KNO* and NII^Cl is the same as one made from a mixture of KCl and NII'XO*. 
The results obUiiied with a mixture of NlPCl and KNO* indicate that at 14-8®, 100 
grams of 'water dissolve 38*8 grams NlI-‘Gl and 34*2 of KNO*, and, as might be 
expected, the addition of either of the pulverised salts to the solution causes no 
change of temperature. With mixtures of KCl and NIL^NO*, however, the results 
are found to. vary with the proportions of the two salts in the mixture, and the 

addition of either of the salts to the solution causes a change of temperature ; but the 

addition of KNO* or produces no such effect. The addition of KCl or Nil 'NO* 

to the saturated soliiti(»n of NlPCl and KNO* produces a change of temperature. 

The following pairs of salts give a similar result : 

K‘SO^ + NH^Cl and KCl + 

K^SO^ + NaCl and KCl + Na-SO^ 

KNO* + NaCl and KCl + NaNO* 

NaNO* + NU'Cl and NaCl + NII^NO* 

But the pairs : 

KNO* + (NH^)^SO* and K^SO^ + NH<NO* 

NaH'Ol + Na'-*SO^ and (Nll‘)'SO« + NaCl 

NaNO* + K*SO^ and Na*SO‘ + KNO* 

do not give saturated solutions of definite composition. 

On the Double Decomposition and Thermic effects accomx)anying the dissolution of 
Mixed Salts, see Heat (p. 979). 

Decomposition of Salts bp Water. — The action of w-ator on mercuric sulphate, 
HgSO^ bismuth nitrate, Bi*0*.3N20* + 3H-0 and Bi W.N*0* + IDO, antimonious 
chloride, SbCl-’*, and potassio-calcic sulphate, 2CfiS0^,K®S0*,3H’'0, has been examined 
by A. Ditte {Compt. rend. Ixxix. 915, 956, 1254). 'I’he decomposition of these salts 
takes place according to the same laws, resulting in the formation of a slightly soluble 
product, a basic salt, or calcium sulphate, while the w'atm* takes up free acid or potas- 
sium sulphate. 

To each temperature there corresponds a liquid of such composition that any 
alteration of its concentration in one direction or the other is attended with decom- 
position, or reproduction of the original salt, and thcit, whatever may have been its 
original state, the liquid always returns to this limiting composition. The decomposi- 
tion appears tf) be independent of the quantity of undecomposod salt remaining in the 
liquid, of the quantity of its undissolved constituents, or other acid or saline sub- 
stances contained in the liquid, provided these bodies exert no chemical action on the 
salt or its constituents. 

CrystoJMsatwn of Salts from Supersaturated fibf«^w)?w.-—Gerncz showed some years 
ago that the crystallisation of a salt from a supersaturated solution is most rejidily 
induced by the introduction of a crystal of the same salt (v. 350), and J. M. Thomson 
liMS lately shown {Chem. Soc. J. xxxv. 196) that the same effect is produced by con act 
with the crystal of a salt isomorphous wdth that which is contained in tlio solution. 
To produce this effect, however, mere identity of form between the introduced crystal 
or nucleus and the dissolved salt is not sufficient; the two must be truly isomorphous, 
that is to say, identical in chemicnl structure as well as in form. Thus, crystallisation 
is induced in a solution of magnesium sulphate, Mg.S()^7H*0, by the introduction of 
a crystal of the corresponding salts of zinc, nickel, cobalt, or iron, and a supersaturated 
solution of common alum may be made to crystallise suddenly by dn^pping into it a 
crystal of chrome-alum or iron-alum, but riot by a cubic crystal of iron pyrites or an 
octohedral crystal of magnetic iron oxide. 

In a mixture of two salts, not isomorphous, the introduction of a crystalline 
nucleus isomorphous with one of them may produce the following results: 1. Crys- 
tallisation may commence suddenly, spreading however gradually through the solution 
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and causing a deposition only of the salt isomorphous with the nucleus. 2. When 
sudden cxystallisation takes place, causing the deposition of both salts, the salt iso- 
morphous with the nucleus will preponderate. 3. The nucleus may remain growing 
'slowly in the solution, and increasing by a deposition of the salt isomorphous with itselt 
In n mixture of two isombrphous salts: 1. iSudden crystallisation may occur, pro-^ 
ducing a deposition of both salts, apparently in the proportion in which they exist in 
the solution. 2. When slow crystallisation takes place, the nucleus increases by 
deposition of the less soluble salt, shdwing that in mixed supersaturated solutions a 
gradation of phenomena may occur, passing from those shown in t he crystallisation of 
a true supersaturated solution to those exhibited in the crystallisation of an ordinary 
saturated solution. 

On crystallisation from Supersaturated Solutions, see also Tscherbatschew {N. 
Vetersh. Acad. LuH. xix. 42); Violetto (Oompt. rmd. Ixxvi. 171); Mcnsbrugglie {ihid. 
Ixxvi. 46, 713); do Coppet {ibid. 434); Oernez {ibid. 666); Tomlinson {ibid. Ixxvi. 
171 ; Ixxviii. 194; Ixxix. 167 ; An7i. Chim. Fhys. [3 ), vi. 275) ; Marignac {N, Arch, 
ph. 7iat. xlviii. 120); Gernez {Compt. rend. Ixxvi. 566; Ixxix. 219, 1332; Ixxx. 44; 
Ixxxiv. 771, 1389); Locoq do Boisbaudran {p)id. Ixxx. 321, 393, 888); Grenfell {Proo. 
Roy. Soc. XXV. 124); Tomlinson (ibid. xxvi. 623 ; xx^^i. 121). Seo also Chem. Soc.J. 
xxvi. 468-470; xxxi. 435,436; xxxii. 696; Jakresb. f. Chem. 1873,42-46; 1874, 
42; 1876,42-44; 1876,48; 1877,77-80; 1878,67. 

On the Dissociation-tensions of Hydratod Salts, see He.\t (pp. 1012, 1016). 

On the Decomposition of Ammonium Salts in Aqueous Solution at low tempera- 
tures, BOO p. 1015. 

On the Heat of Formation and Solution of Salts, see pp. 953-958, and 976-994. 
SA]«VZ01b. See Sagk-^ml (p. 1771). 

8AMAZTE. See v. 187 ; also under Geulenitb (p. 859 of this volume). 
SAMARSXZTE. Crystals of this mineral from Mitchell County, North 
CeVoliua, have boon measured by E. S. Dana {Sill. Am. J. [3], xi. 201). It occurs, 
often imbedded in a decomposed felspar, in mica-slates, traversed by granitic veins. 
It is velvet-black, translucent with brownish colour on the etlges, and is accompanied 
b^ an octohodrally crystjillino mineral (microlite or pyrochlor), columbite and a yellow 
mica. The observed forms, oo f c», oo P or , P, oo P, oo 00 , may be referred 
to the axial ratio 

a : b : 6 = 1 . 1*883 : 0*949 

giving by ciilculation the prismatic angle 122® 46'. Analysis (1) by Miss Ellen 
Swallow {Sill. Am. J. [2], xi. 201); (2) by O. D. Allen {ibid. [3], xiv. 128); (,3) by 
J. L. Smith {ibid. xiii. 359) ; (4) by Rammelsberg {A?in. Phys. Chem. [2], ii. 658 ; 
Jah'h.f. Min. 1878, 529), llammelsborg has also analysed samarskite from the Ural. 
No. 5. is the mean of four analyses: 
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Bammelsbeig infers from these analyses that sannirskite is a heminiohate (tanta- 
late), isomorphously mixed vith a nranate; and as U : (Nb,Ta)ai'lo ( nearly), the 

formula of samarskite IS or 

8(2R*0»,3Nb*0*) + 2R®0* 6UO* . . . . [R = y,Er,Ce(Di),Fe(Mn)]. 


New Metah in Samarskite . — Lecoq de Boisbaudran (Compt, rend. Ixxxix. 212) 
observed that the solution of an oxide extracted from samarskite gave a pair of 
absorption-bands in the blue at 480° aud 463*5°, and another pair in the violet at 
417° and 400*75°. In both pairs, the most refrangible band is the narrovrer and more 
intense of the two. These bands are not identical with those of the decipium, recently 
described by Belafontaine, or of any other known substances, and indicate the existence 
of a new metal which Lecoq designates by the name Smnarmm. The bands 417° and 
400*75° were observed some time ago by Soret {Compt. rend. 1878, Ixxxvi. 878). 

Belafontaine, in examining the earths obtained from samarskite, has observed 
appearances which lead him to suspect the existence of a new earth different from any 
yet described (Arm. Chim. PJiys. [6], xiv. 238). See Yttrium-mbtals. 

SAIMEBUCirs. An analysis by J. Huber of the ash of elder-tree bark (Sambwns 
niffra) has been published by Gr. C. Wittstein. The air-dried bark lost at 110°, 
11*666 per cent, water, and the bark dried at that temperature yielded 11’717 per 
cent, of ash having the following composition : 


KH> Na*0 CaO MgO A1*0* IVO* Cl SO* P*0* SiO* CO* 

13-96 097 30*92 10*73 0 25 0*35 0*18 5*82 8*04 5*46 23*27 » 99*95. 


SAVDAXi-WOOB. An amorphous substance, having the composition 
is obtained from this wood, and more abundantly from Caliatour wood, by treatment 
with boiling alcohol and precipitation of the concentrated extract with water ; it may 
be purified by converting the crude product into a lead-salt, washing this salt ^ith 
hot alcohol, and decomposing it with sulphuric acid. The pure substance melts at 
104°-106°, dissolves in alcohol, acetic acid, alkaline carbonates, and caustic alkalis, 
and is precipitated from alkaline solutions l)y hydrochloric acid. When fused with 
potash, it yields resorcinol, acetic acid, and probably catechol and protocatochuic acid. 
By oxidation with potassium permanganate, it gives oxalic and acetic acids, together 
with a substance having the odour of vanillin. Reducing agents appear to have no 
action on this colouring matter. By the action of hydrochloric acid at ISO*^, it is 
decomposed into methyl chloride, a body soluble in hydrochloric acid, which crystal- 
lises in colourless needles, and forms a crystalline precipitate (m. p. 81°) with bromine- 
water; a substance soluble in alcohol, and having the composition C*H‘®0“; and a 
black residue insoluble in alcohol, but soluble in caustic alkalis (Franchimont a. 
Sicherer, Bar. xii. 14). 

SAJrXBZar. On the variatious in the crystallographic elements of this mono- 
clinic felspar, see J. Striiver (Zeitschr.f. Kryst. i. 343 ; Jahresh.f. Chem. 1877, 1333). 


SABTOirZC ACZB, The preparation and properties of this acid 

have been already described. For further dotiiils respecting its crystalline form and 
optical characters, see J, Striiver (Gazz. chim. itah 1876, 349; Jahreah.f. Chem. 1876, 
617). 

By the action of hydriodic acid, s<antonic acid is converted into a hydrocarbon, 
which is lighter than water, boils between 235° and 245°, and yields an iodine- 
derivative, By boiling for soveml days with hydriodic acid and amorplious 

phosphorus, santonic acid is converted into an isomcrido of santimin, C*®H*®0* (also 
formed in like manner from santonin), which melts at 160*5°, and distils between 
238° and 240° (Cannizzaro a. Amato, Gazz. 1874, 446, 452), 

«a»^owa<«, C’*’II‘®(CH*)0*, is prepared by dissolving 1 mol. santonic acid 
and 4 mols. KHO in methyl alcohol, evaporating the solution to dryness, and heating 
the residue with methyl alcohol and excess of methyl iodide under a pressure of two 
atmospheres ; or by the action of methyl iodide on a solution of sodium santonate in 
methyl alcohol under pressure. The uuattackod methyl iodide and part of the alcohol 
having been distilled off, water is added, the methyl santonate extracted by agitation 
with ether, and the oily residue left on evaporating the ether is washed with water, 
and finally purified by crystallisation from other and from methyl alcohol. Methyl 
santonate crystallises in colourless needles molting at 86°-86*6° (Cannizzaro, Gazz. 
1876, 355). 

Ethyl eantonaie, C'®H*®(C*H*)0®, obtained by heating silver santonate with excels 
of ethyl iodide, or by passing hydrogen chloride into an alcoholic solution of santonic 



SANTONIC AOID- 


1777 


acid, crystalliaes in fine prisms melting at 88®“89®. It is saponified by boiling for 
eighteen hours with soda-ley of the strength of 4 per cent. It dissolves slowly in cold 
nitric acid, and^ after the lapse of an hour or two is precipitated therefrom by water 
without alteration ; but after twenty to thirty hours it is partly decomposed with 
separation of santonic acid (Sestini, Gasz. 1876, 148). 

Acetyl-santonic acid^ C**H'®(C*H®0)0*. — When santonic acid is heated for 
six hours with eight or ten times its wyght of acetyl chloride in a flask placed in a 
water-bath and connected with a vertical condenser, and the product is afterwards 
distilled, there remains in the flask a dense fuming liquid, which may be freed from 
nndecomposed acetyl chloride by passing a rapid stream of cold air through it for 
ibout sixteen hours. There then remains a yellowish -white, confusedly crystalline 
mass, which is to bo well washed with cold water, drained, dried between bibulous 
paper, and digested three times in succession with a small quantity of ether, which 
dissolves a certain portion of it, leaving a white crystalline mass nearly insoluble in 
cold water, soluble in boiling alcohol and ether, slightly soluble in cold ether, very 
soluble in chloroform, melting at 139°-1 40 \ This substance is acetyl-santonic 
acid. IJy spontaneous evaporation of its solution in chloroform it may be obtained 
in large, hard, pointed prisms. Tlie solution in boiling ether yields it, by cooling and 
evaporation, in small, very w’ell formed, four and six-sided prisms terminated by 
pyramids with unequal faces. These crystals, liko those of santonic acid itself, act 
strongly on polarised light. It appears to be the only product of tho action of acetyl 
chloride on santonic acid. 

Acetyl-santonic acid heated for two or three hours in boiling water is converted 
into acetic and santonic acids. If dilute alcohol is used instead of water, an ethylic 
ether is formed, which molt.., below 100^. The acid, heated in the dry state to 180°- 
200°, is resolved into acetic acid and santonic anhydride (santonin), 0*^II®(C®H*0)0^ = 
(Sestini, 1870, 121). 

Santonic chloride, C‘UI‘®0’C1, is formed by boating santonic acid with phos- 
phorlls trichloride, and separates from solution in other, in crystiils which melt at 
170°-171°i and are decomposed by water and alcohol, yielding santonic acid and ethyl 
santonate respectively. Tho same compound is obtained by tho action of acetyl 
chloride on santonic acid. Santonic bromide and iodide are piwiucod in like manner 
l)y treating santonic acid with bromide or iodide of phosphoms. Tho iodide melts 
at 136° and the bromide at 145*6° (Cannizzaro a. Valento, Gasz. 1878, 301)). 

Hydrosan tonic acid, The sodium salt of this acid i.s obtained by 

treating a solution of sodium santonate with sodium amalgam of 5 per cent., and tho 
free acid may bo precipitated from its solution by hydrochloric acid. The aciil sepa- 
rates from ethereal solution in colourlcs.s crystals belongitjg to tho orthorhombic system, 
melts and decomposes at 170°, i.s less soluble in alcohol and ether than santonic acid, 
ami is optically dextrogyrate. The sodium salt, C'’^Il“‘NaO‘,3U*0, foms orthorhombic 
crystals, which give olF part of their water of crystallisation on exposure to tho air. 
The crystals of the potasmi?n salt contain 2K^O (Cannizzaro, Gazz. 1876, 341). 

Hydrosantoiiido, C'*IT‘"0’, is obtained by boiling a solution of hydrosantonic 
acid in glacial .acetic acid for several hour.s, or bettor by heating the aciil with glacial 
acetic acid in closed tubes at about 150° for four hours, and in either case distilling 
off tho acetic acid till tho temperature rises to 186^. It is a cryst<illino substance 
melting at 165°-156° (Cannizzaro a. Valeute, Gazz. 1878, 309). 

Acetyl-hydrosantonidc, C*^I1*^0^, ys formed by the action of acetyl chloride in 
excess on hydrosantonic acid : 

Ci5H-0« + c^II’OCl = + HCl + IPO. 

It melts at 204°, and sublimes at a higher temperature. It is but slightly soluWe in 
ether, and almost insoluble in water ; is not decomposed by hot aqueous potasK, but 
when heated with alcoholic ammonia at 130°, yields a substance having the com- 
position of hydrosautunamido. 

Benzoyl-hydrosanlonide, C**I1’®{C'II“0)0*, prepared in a similar manner, 

crystallises in colourlcsgi needles melting .at 157'’. It closely resembles tho acetyl- 
compound, but is decomposed by heating with aqueous potash. 

Hydrosantonarnide (?), C**II-*NO®, is formed by heating acetyl- or benzoylhydro- 
santonido with alcoholic ammonia at 120°-! 30°, and may bo purified by evaporating 
tho product, washing tho residue to remove acetamide and benzamido simultaneously 
produced, and crystallising from ailcuhol. 7t is soluble in alcohol, less soluble in 
ether, and only slightly soluble in boiling water; melts, with decomposition, at 190°. 

IsoiiERiDES OF Santonic Acid (Gaunizzaro, Gazz, 1876,341; Cannizzaro 
a. Valente, U>id. 1878, 309). The addition of tho elements of water to santonin, 
C**H**0*, gives rise to five isomeric acids, viz. a bibasic acid, photosanionie 

VoL. VIII. 5 Y 
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ac{(2,andl'i>uL' monobasic acids, viz. santonic acid^ santonmic acid (already described, vii. 
1076), metasantonic acid^ and 'parasantonic acid. These four monobasic acids differ not 
only in their crystalline form, solubility, and other physical characters, but also in 
their behaviour to reagents ; they are therefore metameric, not merely isomeric. 

Metasantonic iloid is formed by abstraction of hydrogen from hydrosantonic 
acid. On adding silver nitrate to a solution of sodium hydrosantonate, a white pre- 
cipitate of silver hydrosautonate is produced, which dissolves ou heating, with precipi- 
tation of metallic silver ; and on continuing the heat for half an hour, adding S(^a 
from time to time to keep the solution nearly neutral, and tirially precipitating the 
silver oxide which remains in solution by adding an excess of alkali, a liquid is 
obtained which, when acidified with nitric acid, deposits metasantonic acid in the 
crystalline state ; and a further quantity may be obtained from the solution by agita- 
tion with ether. Metasantonic acid may, however, be more conveniently prepared by 
distilling santonic acid under a diminished pressure of o2-43 mm., stopping the dis- 
tillation as soon as the distillate becomes coloured, and the boiling point rises. Both 
the distillate and the residue in the retort aro dissolved in a solution of sodium 
carbonate, and after agitation with ether to remove oily matters, the alkaline solution 
is precipitated with an acid, and the metasantonic acid purified by crystallisation from 
ether. Metasantonic acid is also formed by the fiction of alkaline solutions on santonide, 
Metasantonic acid, when purified by repeated crystallisation from ether, 
melts, with decomposition, at 160°-161®. Its alkali-salts are very soluble. Its 
specific rotatory power is greater than that of santonic acid. 

Metasantonic chloride, O'^H'^O^Cl, prepared by the action of acetic chloride or of 
phosphorus trichloride on metasantonic acid, crystallises in slender needles melting at 
139®, moderately soluble in ether. Methyl metasantdnhtc, prepared by passing hydro- 
chloric acid into a methyl-alcohol solution of metasantonic acid, forms large lustrous 
crystals melting at 101*o°-102-5°. 

Paraaantonlo Acid, is prepared from parasantonide (p. 177-) by 

boiling it with soda-solution, precipitating with an acid, and purifying by crystallisa- 
tion from ether or from water. It may also be obtained by decomposing parasantonide 
with boiling dilute hydrochloric acid. The free acid forms largo white crystals, which 
are moderately soluble in ether and in water. It is a strong acid, easily expelling 
carbonic acid from its salts. The parasantonatos are mostly very soluble in water 
and in alcohol, but ditficult to obtain in the crystalline state. The barium salt, 
(OiiUij>0*)’^Ba, forms slender needles. Parasantonic acid, when treated with acetic 
chloride or phosphorus trichloride, does not yield the corresponding chloride, but is 
converted into parasantonide. Methyl 'paraJiantonale crystallises in hard prisms melt- 
ing at 183®-184®. Ethyl parasantonate forms colourless needles melting at 172°, 
only sparingly soluble in ether. 

Pbotosantonio Aold. Sostini, in 1865 {Repertorio ital. chim. pharm. 1865), 
observed that when an alcoholic solution of santonin was exposed to direct sunlight, 
it was decomposed, with production of an . amorphous resinous substance, a small 
quantity of formic acid, and a crystalline compound since ascertained to be the di- 
ethylic salt of photosantonic acid, C**H’*(C*II*)*0*. If the alcohol is anhydrous, 
nothing but amorphous resinous compounds aro obtained, but with aqueous alcohol, 
ethyl photosantonate is produced with comparatively little resin, 85 grams of santonin 
in 6 litres of alcohol of 65 per cent, having yielded 28 grams of the ether after being 
exposed to the summer .sun for a month. On substituting methyl for ethyl alcohol, 
the corresponding methyl compound is produced. The ether is precipitated in the 
crystalline stiite on mixing the alcoholic solution with six to eight times its volume of 
a dilpte solution of sodium carbonate, and may bo purified by crystallising it first 
ftom alcohol, and then from ether-alcohol. Photosantonic acid is also formed when 
an aqueous solution of sodium santonate, or santonin, suspended in a solution of 
sodium carbonate, is exposed to sunshine. A similar transformation is effected by the 
insolation of a solution of santonin in glacial acetic acid of 95 per cent, this being, in 
fact, the most convenient metho<i of obtaining free photosantonic acid. The free acid 
may also bo obtained from the ether by saponification with a dilute solution of sodium 
hydrate, or with baryta-water. 

Photosantonic acid, crystallises from its alcoholic solution in colour- 

less prisms belonging to the ort horhombic system. It is only slightly soluble in boiling 
water, but readily in alcohol, ether, and chloroform. It loses its water of crystallisa- 
tion at 100°, and then molts at 153°. 

Photosantonic acid decomposes the alkaline C}ir1x)nates, with the aid of heat, but 
does not yield crystalline compounds. Calcium photosantonate, (C‘®H‘’0*)’Ca + 4H*0, 
crystallises in white silky nee^es, soluble with difficulty in cold water. On heating 
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this salt with calcium hydrate, a dicalcic salt is obtained which is racily soluble in 
water, but may be precipitated in white amorphous flocks by addition of alcohol. 
Barium photosaniomte, C)‘®H*"BaO^-^ 211*0, is a white amorphous substance precipi- 
tated by alcohol from its aqueous solution. Silver pkotosantoiiafe, C‘*H>"Ag*0'‘ + 4H*0, 
is obtained as a white precipitate on adding silver nitrate to a solution of barium photo- ^ 
santonato. The diethyl pkotoscbtUonaie, obtained in the manner previously mentioned 
by exposing a solution of santonin iu dilute alcohol to direct sunlight, is identical with 
that prepared synthetically by the action of ethyl iodide on silver photosantonate. 

It crystallises in large very thin plates, which melt at 67°-68®. It is noteworthy 
that both this compound and ethyl sautonate become liquid in contact with moderately 
dilute nitric acid. Methyl photosantonate^ prepared by the insolation of santonin dis- 
solved in methyl alcohol, crystallises in long prisms, which melt at 66*5°, and are 
readily soluble in alcohol or ether, and but little soluble iu water. The methyl com- 
pound prepared synthetically from methyl iodide and silver photosantonate melts at 
61°-62® 

SAWTOirW, C’*H**0*. Reactiem, — ^When santonin is added, even in con- 
siderable quantity, to antimony trichloride, no coloration is produced till the trichloride 
is heated to incipient ebullition, when a Amry characteristic bluish olive-green tint 
makes its appearance (Watson Smith, Rer. xii. 1420). 

When santonin is digested with strong sulphuric acid, and small quantities of 
ferric chloride are added, the faint rod colour at first produced quickly changes to a 
very fine purple (1). Lindo, Chem. News, zxxvi. 222). 

Zaomerldes. Pour compounds are known isomeric with santonin : — 

(1 and 2). On boiling s-ntwsin with hydriodic acid (b. p. 127®) and amorphous 
phosphorus, until hydrocarbons cease to bo formed, removing these by distillation in a 
current of steam, coricontrating the residue, and neutralising with sodium carbonate, 
a mixture of two isomerides of santonin is precipitated. This mixture may be purified 
b)' ciystallisiition from water and ether, and the crystals of the two isomerides separated 
meelianically. One of them, which crystallises in long flexible needles, consists of 
metasantonin, which melts at 160'6®, and boils at 238®-240® (p. 1776), whilst the 
other, not previously described, crystallises in large hard prisms melting at 136®. 
Both these cejmpounds are very stable, and have the same rotatory power ; they are 
not sensibly acted on by acetic anhydride or chloride, or by phosphorus trichloride. 
They both yield moiiobrominated derivatives when treated with bromine; momhromo- 
a crystallises in silky needles, melting at 212®, whilst the corresponding 
brominated derivative of the other modification melts at 114® (Cannizzaro a. Carnellatti, 
Qaez. 1878, 318). 

(3) . Santo ni do. When a solution of sautonic acid in glacial acetic acid is 
boiled for several hours, and the acid is then distilled off until the temperature rises 
to 180°, a residue is left, which solidifies on cooling to a viscous mass of the colour of 
umber. This residue is agitated with other and an aqueous solution of sodium car- 
bonate, the othopoal solution decanted and evaporated, and tho santonide tlius obtained 
Is purified by repeated crystallisation from ether. Santonido mob s .at 127° -127 .5®. 
The quantity obtained forms but a small proportion of the product, the greater pro- 
portion consisting of unchanged santonic acid, which is dissolved by the alkaline 
solution. 

(4) . Parasantonide is prepared and purified in a similar manner, but the dis- 
tillation is continued until the tempotaturo rises to 260®. It melts at 110®-! 10*6®. 
13oth santonide and parasantonide are la?vorotatory, but santonido is the more energetic 
of the two. Parasantonide, boiled with caustic soda-solution, i.s converted into para- 
santonic acid (p. 1778) (Cannizzaro a. V'alente, Gazz, 1878, 309). 

SikM'T0X9'0&. This name is given to two phenolic bodies, C®'*H*"0*, one crys- 
talline, the other liquid, obtained by treating santonin with zinc in a current of 
hydrogen (vii. 1076). 

SAipOXirZXry C**H“0** (v. 192; vi. 1013). J. Christophsohn {Arch. Pharm. [3], 
vi. 432, 461) infers from comparative experiments that the roots of Saponaria 
officinalis and Gypsophila Struthium, tho bark of Quillaja, and tho seeds of Agrostemma 
Githago contain one and tho same saponin, the pure preparations obtained from all 
these sources exhibiting, on elementary analysis, tho same composition, and yielding, 
when decomposed by dilute acids, equal qujjintities of sajmgeuin and sugar. The 
differences hitherto found in the analyses of saponin from vjirious sources must there- 
fore be attributed to impurities iu tho preparations. Christophsohn also gives the 
results of quantitath^e estimations of saponin in various drugs, made either by the 
prepoxation of barium-saponin, or by determining tho quantity of sapogenin obtained 
hy decomposing saponin with hydrochloric acid. According to these determinations : 

6 Y 2 
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Quiliaja bark contains 
Root of Gypsophila Struthium 
Seed of Agrostemnia Githago 
Root of Saponaria rubra 


8*61- 8*83 p. c. saponin 
14-62-14-60 
6*54- 6-80 
4-29- 6-61 


Christophsohii also confirms the statement of Bollcy and others (v. 194), that saponin 
and scnegin (from senega-root) are identical. 

Fluckiger, on the other hand, is of opinion that several saponins may exist in 
different plants, probably forming a homologous series iArch. Phann. [3], x. 532). 

Parillin, or Sarsaparilla-saponin, = (saponin) +8GH* 

Fluckiger {loc. cit . ; also Pharm. J. Trans, [3], viii. 4S8) prepares this compound by 
digesting bruised sarsaparilla root several times with warm alcohol of sp. gr. 0*835, 
distilling the liquid to about one-sixth of the weight of the root employed, and mix- 
ing the thick extract with U times its weight of water. The glutinous parillin 
thereby separated is freed from the liquid by deciiutution, then suspended in water 
the liquid is filtered off, and the residue washed. 

Parillin is less soluble in weak spirit than in strong alcohol or in water. From 
boiling alcohol — best from that of sp. gr. 0*970 — it crystallises in double-refracting 
laminrn or prisms, but never in measurable crystals. Air-dried parillin contains water 
of crystallisation which it gives off at 100°. It melts at 210°, is almost insoluble in 
cold water (1 pt. in 10,000), dissolves at 26° in 25 pts. alcohol of sp. gr. 0*814, much 
more freely in boiling alcohol. Chloroform dissolves it readily, and leaves it on 
evaporation in the form of a syrup, which, however, may be crystallised from water. 
Parillin docs not excito sneezing, like saponin, and in the solid state does not taste 
harsh, but exhibits this taste in aqueous and more decidedly in alcoholic solution ; it 
has a neutral reaction, and is iiiaetivo to polarised light. Strong sulphuric acid dis- 
solves parillin with yellow colour, changing, by absorption of water, into a splendid 
red which lasts for days. Heated with sulphuric acid of 10 per cent., or with phos- 
phoric acid, it assumes a green colour, changing to red and finally to browti, the 
reaction not being altered by addition of nitric acid or bromine. An aqueous solution 
of parillin gives with alcoholic, but not with aqueous lead acotiite, a precipitate 
soluble in excess of lead acetate or of alcohol ; it is also precipitated by basic lead 
acetate and by tannic acid. It does not reduce Fehling’s solution at ordinary tem- 
peratures, and only after several hours when heated ; neither does it reduce a cold 
solution of bismuth nitrate, or a solution of mercuric iodide in sodium bicarbonate. 
On boiling with dilute acids, however, reduction takes place, a sugar, at least partially 
erystallisable, being first produced, and a flocculent substance, insoluble in water, 
called pari gen i n, being afterwards separated. This sugar reduces all the solutions 
above mentioned. The reaction is represented by the equation : 

-I- 2C*H'20* + 2H*0. 


This decomposition is accompanied by the production of an extremely sensitive green 
fiuorescence, which i.s likewise produced when hydrogen chloride i.s passed into a 
solution of parillin in chloroform, and in the decomposition of parillin by sulphuric 
acid ; it disappears on addition of water or ammonia. 

Parigenin, is nearly allied to sapogenin, also to Cyclamiretin, 

C**H*‘0*, and, like the latter, is but slowly acted on by fused alkalis; it is, however, 
readily attacked by acetyl chloride (ITiickiger). 

SAPPBXAIS. On the artificial formation of this gem, see Ruby (p. 1767). 

SARAWAXXTS. A crystallised mineral, probably a chloride of antimony, 
occurring in cavities of antimony in the state of Sarawak, Borneo. The crystals 
appear to be quadratic ; they are rounded on the edges, and have a diamond lustre 
(Frenzel, Min. Mittk. 1 877i 300). 

SA&CXXrXS. This base has been found, together with carnine, guanine, xanthine, 
and hypoxanthine, in the extract obtained by boiling yeast with water (Schutzenberger, 
Compt. rend. Ixxviii. 493); also, together with guanine, in the spermatic * fluid of 
the salmon (Miescher, Ber. vii. 376). 

SARCOSXXTB, or MBTBTB-GXiTCOCXXrB, CH(CH*)NH^COOH. See 
Glycocink (p. 879). 

8 ARC 08 XRXC ACXX>, C3H»NOVCH*(NH*).CH*.COOn. An acid occurring, 
together with a red colouring matter, in a variety of shellac from Mexico, called 
* Arr^ ’ by the Indians, and known in commerce as Sioma de Sonora or Gumm Sonora. 
It crystallises in white silky scales, dissolves easily in cold, still more readily in hot 
water, but is insoluble in absolute alcohol and in other ; the aqueous solution has an 
aeid reaction. It melts at 195°, does not sublime, gives off ammonia when ignited 
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with soda-lime, but not when boiled with caustic soda. Treated in aqueous solution with 
nitrous acid, it gives off nitrogen and is converted into lactic acid. It is a weak mono- 
basic acid ; its silver and sodium salts are crystalline ; the barium and calcium salts 
amorphous. It forms crystalline compounds with hydrochloric and nitric acids, and 
is carbonised by heating with strong sulphuric acid. It is isomeric with alanine, 
sarcosino, lactamide, and urethane, and agrees in many of its characters with alanine, 
being like the latter an amido-acid, but; differs from it in taste and crystalline form, 
and in possessing a much less decided acid character. The difference between the 
two may perhaps be represented by the following formulas : 

OH«.CH(NII'').COOH CH2(NH*).CH*.COOH 

Alanine. Sarcosinic acid. 

BASSAFI^S OXXi. Hectiflod sassafras oil, when cooled to 0®, deposits a con- 
siderable quantity of crystals, only a small portion remaining fluid. The oil obtained 
by heating the crystals to 70° solidifios only after exposure for several weeks to a 
temperature below 0° but. if the crystals bo allowed to melt at a temperature not 
exceeding 20°, the liquid mass solidifies easily on cooling. Tliesc characters demon- 
strate the identity of iSt. Evre s sassafras camphor (v. 199) with the safrol of Grimaux 
a. Ruotte (vi. 1014). The crystals of safrol belong to the monoclinic system (Arzruni, 
N. Pharm. xxv. 615). 

SAUSSVRZTB (v. 200). This mineral has been found in thin layers and 
irrosular masses in the nephrite of the Kunlun range in Central Asia (p. 1387). An 
analysis by v. Fellenberg {Munch. Mad. Bcr. iii. 227) gave : 

SiO* Al'O" Fe’O’ CaO MgO H*0 

48 25 22-60 7-47 1-03 12*70 1*80 6 22 0-55 = 100*62 

loading to the formula (CaO,K*0)3Si02 + 2(Al‘0*,Fe20»).3Si()*, in which K'-’O ; CaO = 

1 ; 2 and Al-O^ : hVO’- 6 *. 1. 

BAYKZTIS. The mineral hitherto known by this name, or by that of nickel- 
bismuth glance (i. 596), is essentially a mixture of polydimitc (p. 1660) with bismuth- 
glance (Laspeyres, «/. Chem. [2], xiv. 397). 

8CAM1MCONY. For the preparation of pure scamiuony-rcsin, E. Porret {Bull. 
8oc. Chim. | 2], xxviii. 522) recommends exhausting the crude commercial resin with 
boiling alcoliol, neutralising the alkaline hltrate with dilute sulphuric acid, and sepa- 
rating the resulting precipitate, which contains all the colouring matter, by filtration. 
The filtrate, freed from alcohol by distillation and dried by prolonged heating at 104°, 
yields the pure anhydrous resin. 

BCAXrDZUM. A metal of the yttrium group, discovered by F. Nilson in 1879, 
and further examined by Clevo. It occurs in gadolinite and yttrotitanito, has the 
atomic weight 44, and forms only one oxide, Sc"0’ (see Yttrium Metals). 

BCAPOZiZTB. F. II. Adams {Sill. Am. J. [3], xvii. 315) finds that many 
Bcapolites contain chlorine, fourteen specimens from different localities yielding that 
element in quantities vaiying from a mere trace to 2-4 per cent. In some cases the 
chlorine was not driven off, even at a w’hito heat. It is probable that when the 
Bcapolito decomposes, the chlorine is one of the first constituents to disappear. 

SCBBBBZTB. 8ce Tungstat>^. 

SCBZZOlIZYCBTES. See Fermentation and Ferments (pp. 776, 782). 

SCBRdCXZBOBRZTE. A mineral from Joachimsthal, containing uranic 
oxide, carbonic acid, and water, together with a small quantity of lime, and extremely 
small traces of sulphuric acid. Ijoss by ignition - 367 per cent. It forms spherical 
groups of light greenish-yellow six-sided tablets implanted on pitchblende. From its 
optical characters it appears to belong to the orthorhombic system (A. Schrauf, t/aArA 
/. Min. 1873, 646). 

SCABRBTBRTTBRZir, SCKEROMUCZB, SCMROTZC ACZD, 
SCZiBROCRTSTAZiXiZir, and SCXiSROXAIirTBZB. Constituents of ergot 
(p. 737); further, Dragendorffa. Podwissotzky {Russ. Zcitschr. Pharm. xvi. 129, 161 ; 
Jahresb.f. Chem 1877, 913). 

8CO&8CZTB. On the variety of scolocite occurring at Poonah in Hindostan, 
see PoONAHLITB (p. 1663). • 

SCOPOZiZA. Scopolia japo7iica is a solanaceoiis plant intermediate in character 
between S. i nm a d Atropa. Its roots aro used in Japan for the same purpose as 
Atropa Beiiudoima in Europe, but their effect is less powerful. They contain solaninc, 
but no atropine. The plant is highly fluorescent. 
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SCORODXTE. Crvstiils of this mincml from Dornbacli in Nassau havo been 
examined by (1. vom Rath {Jahrh,f. Min, 1876, 394), who finds the axial ratio to be 

a:h:c = 0-86730 : 1 : 0-95580 
and for the angles of the primary pyramid : 

Macrodiagonal terminal edge - 102° 62' 

Brachydiagonal ,4 = 114® 40' 

Lateral edge = 111® 6' 

Brazilian scorodite, measured by N. v. Kokscharow {ibid, 1877, 800), gave values 
agreeing exactly with the above. 

■W. V. Beck (ibid. 162) has analysed a dark lirer-coloured or indigo-blue mass of 
sp. gr. 3*084, occurring on a newly-discovered bod of silver ore in the Troitzker Circle 
of the Government of Orenburg, and regjtrds it as a mixture of scorodite with brown 
iron ore and silver chlorobromide. The results arc given in the following table. 
1-3. Analyses. 4-6. The same, after deduction of silver-compounds and lime: 



AgCI, AgBrQ 

CaO 


A3=0* 

H'O 

1. 

(found) 5-78 

2-18 

36-80 

42-37 

13-43 « 100-66 

2. 

„ 6-41 

2-07 

36-73 

41-44 

13-43 = 10008 

3. 

„ 9-25 

1-48 

35*40 

40-44 (2) 

13-43 = 100 

4. 

(corr.) — 

— 

39-75 

45-75 

14-50 = 100 

5. 

If 

— 

40*10 

45-24 

1466 = 100 

6. 

19 

— 

39-66 

45-30 

16-04 = 100 


(*) Enclosing small quantities of matrix. (®) IXsfcrmined by difference. 


On so-called earthy scorodite from Nertschinsk, see Jooynite (p. 1142). 

SEBZC, or SBBACZC ACZD, (v. 212). 0. N. Witt (R^. vii. 219) 

prepares this acid by mixing castor-oil with the strongest soda-ley, leaving the mixture 
for some hours at 40®, separating the resulting hard crust from the small remaining 
quantity of liquid ; then crushes, dries, and heats it, with stirring, in an iron vessel 
till the smefl of octyl alcohol is no longer perceptible and the mass begins to turn 
brown ; and immediately shakes the residue into cold water. From the solution thus 
obtained, the sebic acid may be precipitated by hydrochloric acid. See also Neison 
{Chenu Soc. J, xxvii. 301). 

Metallic Sebates. Sebic acid is bibasic. Its normal salts appear to be more 
stable than the acid salts, the latter being, in some instances, decomposed by pro- 
longed boiling of their acid solutions. The acid salts appear to be all more or less 
soluble in water ; the normal salts of the heavy metals and of calcium are insoluble 
in water ; the rest are soluble. 

Potassium salts, is prepared by adding a hot alcoholic solution of 

potassium hydrate to a hot alcoholic soluti<»ii of sebic acid keeping the latter in excess, 
and separates at once in minute crysbils which are easily purified by washing with 
alcohol. Jt forms white anhydrous microscopic needles, not deliquescent, easily 
soluble in cold, still more readily in hot water, moderately soluble in alcohol, yielding 
strongly acid solutions. obtained by adding a hot alcoholic solution of 

sebic acid to a largo excess of alcoholic potash, and purified by boiling with alcohol, 
washing with hot alcohol and drying, is a w’h^c anhydrf^us crystalline powder, con- 
si.st.ing of minute granules, readily soluble in cold, still more iu hot water, sparingly 
in alcohol, forming solutions which are neutral t.o litmus. 

The sebates of sodium are prepared in the .same manner as the potassium salts. 
C*®H*®0*NaII is a fine crystalline powder, easily soluble in water, moderately in alcohol, 
forming solutions which have a marked acid reaction. U*®H'®O^Na* is obtained in 
very fine microscopic crystals, non-deliqnc.scent, very soluble in water, slightly soluble 
in alcohol. 

Ammonium sebates can be obtained in solution in the same manner as tbe potas- 
sium salts, but on attempting to separate them in the solid state, they are invariably 
decompose with loss of ammonia. 

Silver sehatet C*®.lB*0®Ag^ obtained by precipitation, is a white powder rapidly 
turning pink on exposure to light, and readily soluble in nitric acid. 

Barium salts, (C'®fI'“0‘)'‘'Bafr“, ^iropared by l}oiliDg barium carbonate with 
excess of aqueous scliic acid, is a white confusedly crystallised non-del iquescent SJiIt, 
easily soluble in water, and crystallising therefrom in noodles. C*®H**O^Ba, prepared 
by prolonged boiling of the acid with excess of barium carbonate, separates from con- 
centrated solutions in white anhydrous crystalline crusts, easily soluble in water with 
neutral reaction. The strontium salts wore prepared in like manner, ^h^aeid 
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adt forms white crystalline cmsts ; the normal salt, a white anhydrous crystalline 
powder. Calcium salts, (C^®H*®O0*CaH^ prepared by adding a hot solution of 
acid potassium sebato to a solution of calcium chloride, is a dense white precipitate, 
slightly soluble with acid reaction in water, partially decomposed by prolonged boiling 
into sebic acid and the normal salt. C‘®II*®O^Ca, obtained by adding normal sodium ^ 
sobate to calcium chloride solution, is a dense white amorphous precipibite. 

Magnesium salts, (C*®H*®0*)®MgH*, prepared like the acid barium salt, crystal- 
lises in groups of white anhydrous needles, easily soluble in water with strong acid 
reaction, very slightly soluble in alcohol. C*®H*®O^Mg, prepared like the normal 
barium salt, forms thin white crystalline crusts readily soluble in water, slightly in 
alcohol. 

Zinc 8 eh ate, C‘®H‘®0‘Zn, is a heavy white pulverulent precipitate, slightly soluble 
in water and in dilute ammonia. Nickel sebate, C*"H’®0‘Ni, obtained by dissolving 
nickel hydrate in aqueous sebic acid, forms pale green anhydrous crystalline crusts, 
slightly soluble in cold, more soluble in hot water, insoluble in alcohol. Cobalt sebate, 
C'®ll*“O^Co, prepared in like manner, forms thin purple-blue anhydrous scales slightly 
soluble in cold, somewhat more in hot water. Solutions of nickel and cobalt salts are 
not precipitated by sebic acid or its alkali-salts (Neison). According to 0. N. Witt 
[he. cit.), the rose-coloured solution of cobalt carbonate in boiling aqueous sebic acid, 
if evaporated after the excess of acid has separated out on cooling, yields crystalline 
crusts of the hydrated salt C’®H*®O^Co + ‘2H*0 ; and the same hydrate is obtained, by 
spontaneous evaporation, partly in rose-red granules made up of microscopic needles, 
partly in ruby-red prismatic crystals. It gives off the greater part of its water at 
120°, assuming a splendid violet colour, the rest with slight decomposition at a higher 
temperature. , • 

Lead sebate, obtained by precipitation, is a heavy white powder insoluble in water 
and alcohol, either hot or cold, not changed by boiling with sebic acid. 

Cupric sebate, C*"H‘®O^Cu, is a light emerald-green bulky precipitate which 
shrinks considerably on drying and then forms a green light powder. It dissolves 
readily in ammonia, forming a dark purple solution, which leaves, on spontaneous 
evaporation, a bluish-green mass containing ammonia, possibly a cuprammonium 
sobate. 

Mercuric sebate, C’®H'*O^Hg, obtixinod by decomposing mcrciiriG chloride either 
with normal or with acid potassium sebato, is a white insoluble precipitate. Sebic 
acid in hot aqueous solution does not precipitate mercuric chloride. 

Mercurous sebate, C’®H*®O^IIg“, obtained by precipitating mercurous nitrate 
with potassium sebate, is a heavy xvhite amorphous powder, slightly soluble in water, 
very slightly in alcohol. 

Aluminium-hydrogen (C*®H’®0*)*A1H®, obtained by precipitating a 

strong solution of alum with acid potassium sebate, or by boiling freshly precipitated 
alumina with excess of sebic acid, is a white friable powder, slightly soluble in cold, 
easily in hot w'ater, and separating on cooling in white anhydrous semi crystalline 
scales (Neison). 

Sebie Stbers (Neison, Chem. Soc. J. xxix. 314). Methyl sebate, C*®H‘®0''(CH*)-, 
is prepared by dissolving 2 pts. by weight of sebic acid in 1 pt. of warm methyl 
alcohol ; gradually Jiddiug a double volume of strong sulphuric acid, and heating the 
mixture for some time (Ui the watoi^bath, with frequent agitation ; .uMiiig water after 
cooling ; washing the oily layer thoroughly with water ; dissolving it in ether ; drying 
the ethereal solution over calcium chloride and potassium carbonate; distilling; healing 
the residue for some time at 120®, and leaving it to cool. Tthe crude ether is thus 
obtained as a wliite waxy mass, which may be purified by boiling it with a very dilute 
solution of sodium carbonate, rodissolving it in ether, distilling off the latter, and 
heating the residue at 150°. Methyl sebate thus prepared is a white wax having a 
strong and rather pleasant odour, and obtainable by spontaneous evaporation of its 
ethereal solution in small needles or plates having a nacreous lustre. Ether and hot 
alcohol dissolve it readily; cold alcohol slowly, but in considerable quantity. It is 
insoluble in cold water, slightly soluble in hot water. It is easily saponified by 
alkaline hydrates, but not by alkaline carbonates. It melts at 38° ; becomes hard 
and brittle at — 25° to — 30® ; and boils, though not without decomposition, at about 
288®, yielding a brown distillate, which, however, may bo decolorised by boiling its 
alcoholic solution with animal charcoal. • 

Kthyl sebate, C‘®H‘®0<(C»Hs)2, is prepared by passing hydrochloric acid gas into 
an alcoholic solution of scl/ic acid, and purified by boiling it first with water, next 
with dilute sodium carbonate, and .igain with water; then (lissolving it in ether, 
drying the ethereal solution over calcium chloride and pota.ssiiini carbonate, distilling 
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oif tho ether, and submitting the residue to fractional distillation, collecting apart the 
poriion (about 90 p. c.) which passes over between 306® and 310®. 

Pure ethyl sebatc is a colourless oily liquid having a density of 0*965 at 16®, and 
a strong odour like that of melons. It solidifieH at — 4*6® to a white wax consisting 
of nodules of minute needles and plates, and becomes hard and friable at —30® to 
— 36 ’ ; boils without decomposition at 307®-308®. In its relation to solvents and to 
alkalis, it resembles the metliylic other. 

Ethyl-liifdroijm sehalo is formed in small qiltntity in the preparation of tho normal 
other, but has not yet been obtained pure. It dissolves when boiled with sodium 
carbonate or shaken up with cold soda-ley, but a considerable portion is at the same 
time decomposed. On adding an acid to the resulting solution, tho acid ether sepa- 
rates, together with small quantities of sebicacid and tho normal other, as an oil which 
readily crystallises at 10° in delicate snow-white needles. 

Amyl S€hati\ prepared like the ethyl-compound, forms, after 

purification, a colourless oil having a very strong but pleasant fruity odour, and a 
density of 0 9510 at 18°. Wlieii heated it becomes quite colourless, and when cooled 
to — 0 ® partly solidifies in thiu needles which increase in quantity on further cooling, 
but the greater portion still remains fiuid at —35®. Tho needles disappear on raising 
the temperature to +10', and immediately on addition of a trace of water. This 
ether boils at a temperature above 360®. Tt is insoluble in water, but dissolves 
readily in alcohol either hot or cold, and in unlimited quantity in ether. It is not 
attacked by boiling solutions of alkaline carbonates or by cold solutions of alkaline 
hydrates, but is decomposed by alcoholic solutions of tho latter, even at ordinary 
temperatures. When a dilute alcoholic solution of sodium hydrate is allowed to act 
slowly on an excess of normal amyl sebate, a^considvyble. quantity of the (wid ether 
is formed. The resulting solution, when left to evaporate, deposits 
sodium sebate, then, on addition of water, the undccomposcd portion of tho normal 
ether, whilst the sodium salt of tho acid other remains dissolved, and may be obtained 
by evaporation as a white very deliqiio.scont mas.s, which may be purified by repeated 
treatment with alcohol and water. By carefully <lecomposing this salt with acetic 
acid, the acid amyl sebate is obtained as a yellowish oil, which solidifies at 10® to a 
white crysUllino mass, easily soluble in alcohol, ether, and hot water, slightly in cold 
water, and splitting up at 325^ into sebic acid and tho normal ether. 

AnIltne-deiiTatives. Equal weights of sobic acid and sniline, heated together 
at 150°, produce: (1). Sehanilide^rL neutral compound soluble in boiling alcohol. 
(2). Sehanilic acid, a monobasic acid, soluble in alcohol and ether (E. Maillot, Compt, 
rend. Ixxxvii. 737). 

SfiEBACBZTE. See Phacolite (p. 1513). 

SfiEEirzuilK. Occurrence and Extraction. — According to Kds.slor a. Debray 
{Zeitechr. anal. Chem. 1877. 363), selenium is present in refined silver, being derived 
from the sulphuric acid (made from pyrites) used in tho refining process. If tho 
amount exceeds 1 pt. in 1 000, tho silver bewmes unworkable. 

From the soleniferous deposit, or mud, of the lead chambers in sulphuric acid 
works, the selenium may be advantageously extracted by dissolving it out with potas- 
sium cyanide. The washed mud is digestefl with a modfrately strong solution of 
tho cyanide at 80®-100 ' till the red colour jiKst changes to a pure grey ; tho rcsiduo 
is lixiviated with boiling water till tho liquid no donger shows a reddish opalesconco 
on addition of hydrochloric acid ; the solution is then filtered, and the selenium pre- 
cipitated by hydrochloric acid. By this process, 1 pt. of selenium is obtained for 
every 2 pts. of potassium cyanide employed. Tho precipitated selenium contains only 
small quantities of copper and iron, and perhaps traces of mercury ; it may be freed 
from these impurities by converting it into solenious oxide, subliming this compound, 
and precipitating the selenium with sulphurous acid (Petersson, Ber. vi. 1466 ; Nilson, 
ihid. vii. 1719). 

On the occvurrence of Selenium in Tellurium ores, see Tellurium. 

Atomic Weight. — Petersson a. Ekmann, by reducing a known weight of solenious 
oxide, SeO’, with sulphurous acid, and weighing the reduced selenium, have found, as 
a mean of five experiments, that the atomic weight of selenium is 79*08 {Bull. Soc, 
Chim. [2], xxvii. 206). 

Allotropic Modifications. — Observations on the allotropic modifications of selenium, 
especially the amorphous vitreous variety, and the granular or so-called metallic 
selenium, produced therefrom by fusion and slow cooling, have been made by Draper 
a. Mo-^s {Chem. News, xxxiii. 1). Vitreous selenium has no definite molting point, 
but becomes softer at 60° and upwards, and perfectly fluid at 260® ; it is restored to 
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its original state by rapid cooling, and then remains unaltered at ordinary temperatures 
for years. Carbon bisulphide dissolves only traces of this modification. Thin splinters 
of it transmit light of ruby-red colour. When heated for some time between 94° and 
200°, and then slowly cooled, it acquires a metallic aspect and granular fracture, and 
becomes perfectly opaque even in the thinnest layers. It melts at 217°, withoutii 
previous softening, is perfectly fluid at 250°, and is reconverted into the vitreous 
modification by rapid cooling. 

On the Electric Conductivity of the several Modifications of Selenium, see 
Elkctbicity (p. 721). 

Selenium enclosed in the vaccuum of a Sprengel mercury-pump, or dipped into 
mercury, condenses the vapour of that metal, and becomes coated with a layer of 
substance which ctmducts electricity, and though merely superficial, cannot be removed 
either by mechanical or by chemical means, and therefore does not appear to consist 
of metallic mercury (R. J. Moss, Chem. Nmft, xxxiii. 203). 

Selenium imparts a greyish-blue colour to the flame of hydrogen (Fresenius, 
Zdtschr. anal. Chnn. 1876, 295). 

When selenium is dissolved in strong sulphuric acid, it is partly oxidised, and on 
boiling the green solution, it immediately becomes colourless, gives oflf large quantities 
of sulphur dioxide, and no longer yields a pri^cipitate of selenium when mixed with 
water, hut deposits red selenium on addition of stannous chloride. A highly concen- 
trated solution of selenium in sulphuric acid, which has a blackish-green colour, does 
not readily give off sulphur dioxide, but this gas is immediately evolved on addition 
of fresh quantities of strong sulphuric acid (A. Hilger, Ikr. vii. 26). 

Selenlous Oxide, Aclc*, and Salts. Selenious oxide absorbs dry hydrogen 
chloride rapidly and with corAitlcrable rise of temperature. The product first formed 
is an amber-yellow liquid composed of equal numbers of nmlecules of the two con- 
stituents (ScO-^jHCl). This liquid, when heated, begins to give off hydrogen chloriile 
at 26°. Its dissociation-tension in millimeters at various temperatures is as follows : 

Temperature . . 30° 40° 65° 76° 100° 106° 118° 

Tension. . . 15 48 142 313 664 760 1012 

At low temperatures the liquid continues to absorb hydrogen chloride, and 
ultimately becomes converted into a transparent yellow crystalline solid, containing 
2 mols. of hydrogen chloride to 1 of selenious anhydride (Se02,2lTCl). This substance 
is resolved by heat (its dissocial ion-tension being considerabl(3 even nt the ordinary 
temperature) into hydrogen chloride and the compound SeO-HCl, which latter is 
permanent below 26°. The following tensions in millimeters were observed : 

Temperature . -20° 0° 12° 16° 22*6° 30° 33° 

Tension . . 60 219 418 483 672 760 993 

Dry hydrogen hromidc is rapidly absorbed by selonious anhydride, forming in the 
first place the compound SeO'‘*,2HBr, which crystallises in brilliant steel-groy spangles. 
This compound is stable below 65°, but is resolved at higher temperatures into 
seleniun), bromine, and water. Its solution in a very small (piautity of water is 
nearly black ; a large quantity decomposes it, forming hydrobrornic and selenious 
acids. The compoiind S».0^2HBr energetically absorbs bydrobroinic acid gas, with 
evolution of bent, giving rise to ja crystalline compound corresponding with the 
formula 2SoO-,5TlBr. This compound is decomposed at 65° with formation of water 
and disengngement (jf bromine, but at lower temperatures it is transformed into 
Se0^2HBr and hydrobrornic acid. The following are the values of the dissociation- 
tension of the compound 2iSeO* 6HBr at various temperatures : 


At -26° 

. 0 mm. 

At 30“ 

. 287 mm. 

» ~ 6° . 

. 108 „ 

„ 41° . 

. 335 „ 

O'’ . 

. 136 „ 

,, 54° . 

. 404 ) Traces of bromine 

+11® 

. 191 

62° . 

. 404 ( vapour. 

„ 14° . 

. 209 „ 

70° . 

. Decomposition with 

abundant evolu- 
tion of bromine. 


Hydriodic acid react s with seleiiiou.s oxide oven al -10°, the products being water, 
iodine, and selenium. Selenious oxide aWo combines with anhydrous hydrocyanic 
and hydrojlmric acids. Sidonioiis oxide and hydrogen .sdenide in presence of water 
decompose each other, with separation of selenium. This result is always the same, 
whether the solutions be concentrated or dilute, hot or cold ; and no compound corre- 
sponding with pontathionic acid has been obtained. The reaction affords a convenient 
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meauB of obtaining selenmm soluble in sulphide of carbon (A. Ditto, Compt. rend, 
Ixxziii. 66, 223). 

Selenious acid in presence of ammonium chloride is completely precipitated, by a 
magnesium salt and ammonia, after long standing or on brisk a^tation, the precipitate 
of ammonium-magnesium selenite being crystalline, and exhibiting under the micr^ 
scope a very close resemblance to that of ammonium-magnesium phosphate. This 
reaction affords the means of separating selenious acid from selenic, sulphurous, 
sulphuric, and telluric acids (Hilger a. v. Gcriclften, Zcitschr. anal. Chem. 1874, 132). 

Selenites , — An elaborate investigation of these salts has been made by L. F. 
Nilson (Researches on the Salts of Selenious acid. Nova acta reg. Soc. Scient. Upsal. 
Ser. iii. 1875; Bidl. Soc. Chim. [2], xxi. 268; xxiii. 260, 353, 494). The following 


is a summary of the results : 

SeO»K®+arH-0 . 


. Very deliquescent prisms. 

SeO»KH 


. Very hygroscopic prisms. 

SeO>KH + SeO=‘H- 


. Shining prisms, permanent in the air. 

Se0*Na- + 6H*0 . 


. Small needles, or large four-sided prisms. 

SeOW 


. Tetragornil prisms, formed by slow evapora- 

SeO»NaH . 


tion at 60°. 

. Itadiate prisms, permanent in the air. 

SeO>NaH-l-SeO»H* 


. Large prisms, permanent in the air. 

Se0»Li2 + H20 . 


. Needles having a silky lustre. 

. Prisms resembling arragonite. 

SeO>LiH 


SeO»LiH + SeO»H‘^ 


. Long prisms permanent in the air. 

SeO*(NH*)-^ + H-'0 


. Formed by siiturating an alcoholic solution 

2SeO>(NH<)2 + SeO’H2 . 

• • 

of SeO®H* with Nil®. Small prisms, 
giving off 18 per cent. NH* on exposure 
to the air. 

. By saturating an aqueous solution of SeQ?H® 

Se0*Ba+H20 


with NH*. Long deliquescent prisms. 

. Microscopic prisms. 

8eO*Ba + SeO* . 

a • 

. Sparingly soluble prisms, separating from 

SeO^Sr+aH^O . 


a solution of BaCO’ in SeO’H®, on eva 
poration at 60°. 

. Crystalline powder. 

SeO»Sr + SeO>H2 . 

• 

. Large shining prisms. 

Se0*Ca + 2H20 . 

« • 

. Small crystals having a satiny lustre; 

Se0*Ca+Se02 . • 


efflorescing in the air. 

. Large crystals, forming on evaporation at 

Se0»Ca-i-Se0»HHH20 


60°. 

. Shining prisms, obtained by evaporation at 

Se0>Mg + 6H-0 . 


ordinary temperatures. 

. Hexagonal plates or short prisms, giving 

SoO»:VIg + SeO=»II2+3lPO 


off 5H'-0 at 1 00°. 

. Crystalline mass. 

SeO*Mn-f2n^O . 


. Amorphous precipitate, gradually becoming 

Se0>Ni + 2H'-0 


crystalline. 

. Crystalline powder. 

Sc0>Ni+S0=»nH2H'0. 


. Four-sided prisms. 

SeO^Ni-i-SOW + .SeO- . 


. Small plates. 

Se0*Co.^2H*0 . 


. Amorphous bliiisli-red precipitate. 

SeO»Co-hSeO‘* . 


. Small red prisms. 

SeO*Cd 


. Small insoluble prisms. 

Se0*Cu-|.2H20 . 


. Small bluish prisms. 

Se02Cu-»-Se0»H'-+2H-0 


. Bluish-green powder. 

6BeO.2SeO*-H0H'-fO . 


Be0.Se0- + 2H='0 


, 

BeO.SeO»-hSeO*H* . 



BeO.SeO* + 2SeO»H« . 




The gadolinite and cerite metals form selenites analogous in composition to those 
of aluminium, iron, indium, and chromium. The following sedenites of these metals 
have been obtained : ' 

1. From dilute solution of a normal salt and normal sodium selenite : 

}-Selonites; 4ArW9SeO''' + 

4Cr*0*.9Se0* + 64H*0 
4Jn*0®.9SoO'* + 25H*0 
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l-Selenite: 20e20».5Se0* + 30H*O 

i-Selenites : 3Fe*0>.8Se0’* + 28H*0 

3La20“.8Se02 + 28H20 

3Di20».8Se0* + 28H^O 

Normal Selenitcs : YW.SSeO* + 12H*0 ,i 

Er^O’.aSeO* + OH^O 

2. From basic salts with a quantit;if of acid exactly sufficient for the formation of 

normal salt: 

APO».3SeO* + 7H*0 Co20».3SoO* + 12H20 

lVO*.3SeO* + 7H*0 In=0».3Se0= + 6H*0 

Cr‘'0».3Se02 + 15H*0 

3. From basic or neutral salts with a quantity of acid sufficient for the formation 
of a disolenitc : 

J-Sclenites : 

Fe20».3So02 + IPO-SeO* + 7H20 Er^OlSSeO^ + H'-'O.SeO* + SH^O 

Or2()>.3So02 + H*O.SeO* + 12H*0 Co20».3So02 + Il20.Se0* + SH^O 

Y203.3Se0* + H20.Se0* + SH^O Di20*.3Sc02 + H^O.SeO* + SH^O 

4. From a basic salt with a quantity of acid sufficient for the formation of a 
di selenite or of a tetraselenite : 

2(AP0*3Se02) + SCH^O.SeO*) + OH^O 

2(Ih^O*.3SeO*) + 3(H20.SoO*) + 12H»0 

2(Di20V.J3c02) + 3(H20.Sc02) + ISH^O 

6. From a basic salt with a quantity of acid exactly sufficient for the formation of 
a tetraselenite : 

Cr-’0».3SoO^ + 2(H20.Se02) + 7 H 2 O Ce^OlSSeO^ + SfH^O.SeO*) + 2H20 

Ea^O^.SSoO* + 2(H«O.ScO'0 + 411*0 La*0®.3SoO* + 3(H*O.SeO») + 4H*0 

Al'-0*.3J5e0* + 3(H*O.ScO-) + 2n*0 In*0*.38e0* + 3(H*O.SeO*) + 4H*0 

Nilson has also obtained two solenites of bismuth and antimony, which exhibit a 
certain analogy between these tri valent metals and the preceding : 

Bi*0*.3Se02 + H20.Se0* 

Sb*0».3Se0* + SeO* 

Among the rare earth-metals, thorium exhibits no analogy to the rest, not 
even with tin or zirconium, but stands alone with respect to its selenites, as in many 
other respects ; thus : 

ThO*,2SeO* + 8H*0 

2(ThO*.2ScO*)'- + 2(IPO.SeO*) + 13H*0 
ThO*.2SoO* + 3(H*O.ScO’-) + SH^O 

Selenlo Acid, ScO^H". v. Gerichten (Liebig's Annalm^ clxviii. 214) prepares 
this acid from solonium containing sulpliur by oxidising the selenium with nitric acid, 
iidding potash, passing chlorine into the solution till it no longer gives a red precipi- 
tate with stannous chloride, then precipitating the sclcnic acid as barium selenatc, 
and decomposing this salt with a slight excess of pdassiuni carbonate. Any barium 
sulphate that may luivo been precipitated with it then remains undccomposed. This 
mode of separation is not exact enough for quantitative analysis, but sufficiently so 
for the pur po^*o in hand. Any small quantity of barium selenatc that maybe dis- 
solved may bo recovered by slight concentration of the filtrate. 

Selenic acid may be estimated by boiling it with hydrochloric acid, and determin- 
ing the quantity of evolved clilorine by titration with iodine and sulphurous acid 
(Petersson. Zeitschr. nnuL Chent. 1873, 287). 

Selenic Oxide or Anhydride, SeO’.— Bypassing dry oxygen over dry selenium 
heated in a glass tube, and then passing the resulting sclenious oxide, together with 
oxygen, over red-hot platinum sponge, a white dc'posit was once ol)t{i.ined which 
resembled sulphuric anhydride, and dissolved in water with a hissing noise, yielding a 
solution contjiining sclcnic as well as selcnious acid ; but a second experiment made 
in the same manner yielded nothing but selcnious ticid (v. Gerichten, loc, cit,) 

Mktalj.ic Sklenatks. On the Qptical properties of those Salts, see Liairr 
(p. 1190). 

Amnmuani selenatc, (NH‘)*SeO\ when heated, first gives off ammonia, and is con- 
verted into the acid selenate, (NH^)HSeO^ and the latter, when further heated, is 
resolved into selenium, selenious oxide, water, and nitrogen (Cameron a. Davy, Chem^ 
News, xxxviii. 133). 
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Selenioaulphates (v. Gerichten, loc. cit.) —Double salts of the form 
K®SeO^M"SO^ + 6H'0 [M = Ni, Co, Fe, Zn, Mn, Cd, Cu, Mg], are prepared by mix- 
ing concentrated solutions of the corresponding sulphates with potassium selenate. 
They crystallise well, and arc isomorphoiis with tlio corresponding double sulphates 
and double selenates. In a similar manner are prepared the corresponding salts 
M"SeO*.K**SO‘ + GH-'O. The copper salt crystallises in fine well-formed light blue 
monoclinic combinations, sometimes tabular, but more frequently prismatic, with great 
elongation of the basal pinacoid. All these *alts are isomorphous with the corre- 
sponding double selenates. 

Scleniosufphuric Alims. — The salt K^SeO^Al‘'(SO^)=* + 24II‘0 is obtained in limpid 
octohedrons by mixing the solutions of potassium selenate and aluminium sulphate, 
and the corresponding chromic, ferric, and manganic alums are obtained in like 
manner. The salt K‘‘'SO*.Ar'(SeO^)*-f 24H-0 is likewise obtained in transparent 
octohedrons by mixing the solutions of potassium sulphate and aluminium selenate ; 
so also the corresponding chromic and ferric alums. 

Seleniocyanates. — Thopotassio-plntinic salt^ K'PL(CSeN}® is formed on mixing 
the alcoholic solutions of potassium seleniocj’anate and platinic chloride, and separates 
from the boiling and filtered liquid in crystals which may be purified from an admixed 
reddish salt by recrystallisation from alcohol. They are hexagonal plates, generally 
small, almost black by reflected, dark garnet-red by transmitted light. »Sp. gr.=s3 377 
at 10® (weighed in benzene). The gold salt^ KAu(CScN)', was obtaincil in a similar 
manner in dark red very easily dccomposible prisms (J. W. Clarke, Her. xi. 1325). 

SlSXiSZmrM-BX8MirTB.GXiAirCB, or Frcnselite. This mineral, from 
Guanajuato in Mexico, crystallises in the orthorhombfetsystom, is isomorphous with 
antimony -glance, and exhibits the faces oof*oo, ooPoo, ooP, together with several 
unmeasurable faces, oePn. Sp.gr. 6‘2o at 21®. An analysis by Frenzel (e/ixArA/, 
Min. 1874, 679) gave 67 38 per cent. Bi, 24*13 Se, and 6*60 S, .agreeing approximately 
with the formula 2Bi'*Se* -I- Bi'^S*, which requires 68*35 Bi, 26*07 So, and 6*28 S. • 

BBXiSNZVM-COMPOUXrBS, ORGABXC. Ethyl selenide or Selenethyl, 
(C^H*)*Se, is produced by the action of phosphorus pontasolenide on potassium ethyl- 
sulphate. For this purpose, equivalent quantities of the.se two compounds and potas- 
sium hydroxide are digested with a small quantity of water at 50®, and the product is 
subjected to fractional distillation. The di.stillato consists for the most part of ethyl 
monoselenide, contaminated, however, with traces of di.selcnide, which are removed by 
digesting the distillate with more potassium ethylsulphate, potash, and water, with 
addition of a little phosphorus, and distilling afresh. 

Pure ethyl monoselenide, thus obtained, is a clear, colourless, mobile, highly 
refractive liquid, smelling like the light hydrocarbons and boiling at 108°. It mixes 
with alcohol and ether in all proportions. 

Trietkyl-selenonium Iodide^ Se(C*H^)*I. —Ethyl monoselenide and ethyl iodide, 
when mixed in molecular proportions, combine slowly at ordinary temperatures to 
form white crystals of this compound. It is stable in the air, not hygroscopic, but 
very easily soluble in water and alcohol, and sparingly in other. It sublimes com- 
pletely between 80® and 126® without melting, and is at the same time resolved into 
ethyl monoselenide and ethyl iodide, which collect in the receiver and recombine in tho 
course of twelve hours to form tri ethyl- selenonium iodide. 

Triethyl- selenonium Hydroxide^ Se(OTP)®OH, is formed by the action of silver 
oxide on triethyl-selenonium iodide. It is a powerful base, forming a syrupy solution 
which absorbs carbon dioxide and watr-r wdth avidity. Its salts are ail crystalline : 
they have the odour of locks and a burning bitter taste. With tho exception of the 
tartrate, they all deliquesce rapidly in the air, and hence cannot well be analysed. 

Tho Se(G''II*)®C WO" + 2H^O, crystallises in delicate needles of a pale 

rose-red colour; it dissolves very easily in water, forming an acid solution. 

The platinochlofidet [Se(C“lI*)*ClpPtCl*, crystallises in higlily refractive red 
rhombohedrons. 

These results point to the conclusion that selenium is an element of variable 
atomicity, being bivalent in the compound (C*iP)’-'So, and quadrivalent in the com- 
pounds (C*H*)*SeC*H®I and (C*H*)*Sf*0*H*(OH) (L. v. Pievorling, Liehids Annaltn^ 

clxxxv. 331). 

On Methyl Selenide or Selenmathyl and its Compounds, see Jackson 
(p. 1304). 

On Benzyl Selenides, Benzyl Seleniocyanate, Benzylselenious acid^ 
and Benzylselenonium Compounds, see Jac^on (pp. 316, 321). 

On Seleniobenzamidej C*H\CSe,NH^, sec v. Dechend (p. 157). 
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SBMIPBBiroXi.CZirCBO«Dnrs, 2C^H'^«N20.C«H<0. Seo Cinchona- 
babes (p. 487). 

SBBSOZSr* Saponin from Senega-root (p. 1780). 

SBFZOliXTB. See Meerschaum (p. 1269), 

SBBABZIMC. An explosive mixture formed of potassium chlorate and nitro- 
glycerin (Nobel, Monit. scient. [3], vi.*248). 

SBBZCZTE-BOCBS. See Jahrb, f, Min. 1878, 264, 296, 383 ; Chem. Soc. J. 
xxxvi. 23, 26, 207. 

SBRPBB'TZBB. The following are recent analyses of this mineral : 1. Noble 
serpentine from Snarum (.1. R. Miiller, Min. Mitth. 1877, 26). 2 and 3. Light and 

dark-coloured pebbles of transparent serpentine from the shores of the islands Iona 
and Tiroe, Scotland (Stanford, Ch&rn. Soc. J. xxvi. 19). 4-6. From the bed of 

magnetic iron ore in the Tilley-Foster mine, Putnam County, New York. 4. White, 
cauliform to fibrous ; sometimes in small granules imbedded in the ore or filling small 
clefts. 6. Green in thin layers, of lighter or darker colour, sometimes cauliform in 
small clefts (Breidenbaugh, Sill. Am. J. [3], vi. 209). 6. Grey-green in radio-fibrous 

granules. Sp. gr. 2'4. 7. Light-green translucent serpentine from .New Jersey, 

incrusied with a yellowish mass traversed by bands of chrysotil. Sp.gr. = 2 61 
(Berwerth, Min. Mitth. 1876, 110): 


1. 

SiO* 

40-82 

A1*0‘ 

2-19 

FeO 

6-01 

3[nO 

MgO 

36*78 

CaO 

K“0 Na“0 

TI'^O 

13*48 


99-28 

2. 

37-20 

— 

6-S9 

.4-19 

36-73 

6-03 

— — 

11*42 

= 

99-96 

3. 

43-20 

— 

6-00 

0-94 

33-60 

5-10 

— — 

9-60 

= 

98*44 

4. 

42-28 

086 

2-67 

— 

40-29 

1-36 

trace 048 

12-62 

= 

100-35 

6. 

41 43 

— 

2-10 

— 

40-18 

0*95 

— — 

13-81 

S3 

98*47 

6. 

39-38 

1-56 

13-87 

trace 

32*25 



o-TT^ 

11-90 

sa 

99-13 

7. 

44-26 

0-56 

0-79 

— 

41*40 

— 

— — 

13-76 


100-75 


The serpentines of Upper Alsace have been examined by B. Weigand (Mw. Mitth. 
1876, 183). They may be divided into a northern group ( Bluttonberg or Bressoir) 
and a southern group (Ainarinorthar). The northern group includes three kinds of 
serpentine, all imbedded i» gneiss, V>ut showing by the difference of their chemical 
and microscopical characters that they have originated from different rocks, the 
serpentine of Bonhoinme (No. 1) being derived from olivine-rock, that of Starkenbach 
from a bronzito rock poor in olivine, that from the Baueiithal (No. 2) from a horn- 
blende rock. In tlie south, the serpentine (No. 3) is associated with gabbro, consisting 
— together with felspar, quartz, and <liallage — of a fine-fibred hornblende impregnated 
with quartz, which is sometimes almost wholly predominant, and has probably formed 
the material for the conversion of the rock into serpentine. 

1. Boiihomme; a and 6. Blackish-green serpentine; c. Noble serpentine from the 
clefts. 


2. Rauenthal ; a. Solution obtained by the action of dilute hydrochloric acid con- 
tinued for several days on the pulverised serpentine ; c. Total analysis ; d. Hornblende- 
rock, prt)bably the matrix of the serpentine, into which it gradually passes. 


3. Amarinerthiil. 

SiO“ »TgO 

CaO 

FeO Fe’O* 

A1*0’ 

Na»0 

K«0 

H=0 

1 a. 

4113 

41-88 

trace 

2-77 386 

0-84 

trace 

trace 

10*88 =101-36 

b. 

41-1 

42-8 

— 

6-37 

0-06 

— 



undet. 

c. 

39-96 

37-41 

0-26 

6-66 

0-63 

0-72 

0-24 

16-86 =102-73 

2 a. 

37-706 

36-602 

1-677 

10-428 

0-201 

— 

— 

13-386 = 100 

b. 

31-098 

26-714 

6-470 

8847 

12-701 

— 

— 

15-170 = 100 

c. 

•36-944 

36-022 

1-393 

3-966 6-868 

1-353 

— 

— 

13-089= 99-626 

d. 

46407 

26-262 

10-642 

2 107 4619 

6-727 

— 

— 

3-584=100-368 

3. 

39-171 

37-033 

— 

4-000 4056 

1-797 

— 

— 

13-722= 99-779 


In 1(1 also traces of MnO, NIO, and Cr*0® ; in 2a and 26, traces of NiO. 

An elaborate memoir on the serpentines of Zoblitz, Greifendorf, and Waldheim in 
Saxony, containing numerous analyses, has been published by J. Lemberg {Zeitschr. 
geol. Ges. xxvii. 631 ; Jahresb. f. Chcni. 1876, 1262). The chemical examination 
shows that the matrix of the Zoblitz and Greifendorf serpentines consisted of olivine, 
garnet, and hornblende, the olivine having boon converted into serpentine, the garnet 
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for the most part into chlorite, whilst the hornblende has opposed the greatest resist- 
ance to alteration. Veins containing ^Ispar are in many places separated from the 
serpentine by contact-zones, mostly formed of hornblende. These veins, in the 
neighbourhood of the serpentine, and sometimes throughout their entire thickness, 
are converted into masses resembling serpentine and steatite. No undeconipos' d 
olivine has yet been found in the serpentine of Waldheim. 

On the Serpentines and other rocks in wliich the Pyropes of Meronitz in Bohemia 
are imbedded, see Doelter {Mm. Mitth. 1873, ItJ ; Jahresh.f. Chem. 1873, 1217)- 

On Pseudomorphs of Serpentine from the Magnetic Iron doposit of the Tilley- 
Foster Mine, see J. O. Dana {Sill. Am. J. [3], viii. 371, 417 ; Jahrb. f. Min. 1876, 
310; Jahresh.f. Chem. 1874, 1285-1287). 

On Serpentine and Fassaito in forms of Monticellite, see (t. vom Bath (Jahrb. f. 
Min. 1875, 413; Jahresh.f. Chem. 1874, 1289). 

On the Serpentine rock of the Lizard, Cornwall, see King a. Kowney {PhU. Mag. 
[5], i. 280). On the Serpentine and Olivine rock of north Norway : K. Pettersen 
(Jahrb. f. Min. 1876, 613). On Serpentine from the Granulite district of Saxony: 
£. Dathe {ibid. 235, 337). 

On the Serpentine of Verrayes (Aosta), see Cossa {Bull. Soc. Chim. [2],xxxi. 130; 
Chem. Soc. J. xxxvi. 362). 

SSRVMC AXiBVMZir, CASSIW, and OBOBUKZir. See Frotbids (pp. 1683, 
1684). 

SBSAMB OZZi. On the detection of this oil, see Oils (p. 1428). 

SBSQVZPBBNOZiCZirCBOXrZBZirE, 3C^H‘‘»N>0.2C*H<>0. See Cinchoma- 
BASES (p. 486). e r. 

SBBA-BVTTZSRf or GBBA-BUTTBR. The fat of Bas.'iia Parkii. See v. 
238, and further, C. Deite {Dingl. pol. J. ccxxxi. 168 ; Chem. Soc. J. xxxvi. 568). 

BZBGBUROZTS (A. V. Lasaulx, Jahrb. f. Min. 1875, 128). A fossil-resin 
occurring in considerable quantity in the lignite-sand and sandstone overlying the 
beds of lignite in the neighbourhood of Troesdorf and Siogburg, on the northern border 
of the Siebongebirge. The sand, which consists of fine, white, often limpid quartz- 
granules, contains small quantities of silver- white mica, and blackish or brownish 
grains of coaly substance, together with greyish-white, kidney-shaped, or nodular 
concretions, the particles of which arc cemented together by an easily inflammable 
resin. On breaking the lumps, which are moderately hard and compact, the resin 
appears in small golden-yellow to brown-red and hyacinth-rod granules, for tho most 
part somewhat uniformly distributed between tho san' l-grains. "J’ho proportion between 
resin and sand varies considerably ; in some of the concretions, tho resinous cement is 
so finely distributed as to be scarcely visible, oven under a magnifier, although suffici- 
ently abundant to take fire when tho lump is lield in a flame ; in others it is very 
abundant, sometimes amounting to more than 60 per cent., and appears in the interior 
of the lump, in easily separable pieces, larger than peas, and having a conchoidal 
fracture. It.s hardnes.s i.s 2 to 2*5, therefore the .same as that of amber, and it cannot 
be scratched with t he nail. After it has burnt away, thc3 lumps fall to pieces. 

The resin melts easily, and buru.s with a yellow, vi-ry smoky flame, emitting a 
pleasant aromatic odour, totally different from the stinking bituminous odour given 
olF by retinite. It is burned for incense in the churc'hes of the district. When dis- 
tilled it gives off a light, greenish-yellow oil, smelKng somewhat like petroleum; this 
distillate does not deposit succinic acid. The re.sin is but partly soluble in ether, to 
which it imparts a faint yellow colour; the ether, when evaporated, leaves a yellow 
oil, but no crystalline deposit. The resin is likewise only partly soluble in alcohol, 
and almost insoluble in oil of turpentine. 

An analysis of a single specimen gave 85*139 per cent, carbon, 7*904 hydrogen, 
and 6 957 oxygen ; a jnixture of the resins from several lumps gave 81*37 per cent. C., 

5 26 H., and 13’37 O- The former aiialysi.s may be represented by the formula 
; the latter by C*H*0. These re.sult8 show that the composition of tho resin 
is variable, and that the difference of composition in different specimens is duo to 
more or less advanced oxidation. 

Only four other fossil rosins are known, containing a proportion of carbon approach- 
ing to that of Siegburgite, viz. *. (a). Rosthomite, from the coal beds of the ^nnberg 
in Carinthia {Chem. Soc. J. [2], ix. 1174). {b). Girona^ or Bucaramanga resin, 

(c). Copaline, or Highgate resin, from the blue clay of llighgate-hill. (d). Krantzite, 
from the lignite of Lattorf, near Nieuburg : 


a 

h 

c 

d 

C = 84*42 

82*7 

86*73 

79-26 

H « 11*01 

10-8 

11*50 

10*41 

0 » 4*59 

G5 

2*77 

10*34 
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All these resins are distinguished from Siegburgite by their physical properties as 
well as by their composition. Kosthornite is soft, and may be scratched with the 
nail ; it differs also from Siegburgite in its relations to solvents. Girona resin is more 
like Siegburgite, but contains less oxygen. Highgnte resin contains about the same 
amount of carbon, but a larger proportion ot hydrogen, and much less oxygen ; 
differs also from Siegburgite in emitting an aromatic odour when broken, whereas 
Siegburgite does not omit such an odour, eron when rubbed. Krantzite is a soft, 
ilex I bio rosin, differing from Siegburgite ^th in composition and in physical pro- 
perties. 

A variety of retinito is found in the lignite beds of Friesdorf, and another in those 
of Roisdorf, in the same locality. 

SIXBRAWXM’B. An alkaloid occurring, according to Buchheim (JV. Bep, Bharm, 
XXV. 344), in the mother-liquors of the extract of henbane seeds, from which hyos 
cyamiue has been separated. 

SZXiZCA, SiO'-*. On the occurrence and formation of crystallised silica, see 
Quartz (p, 1371). 

Hydrate . — Transparent hydrated silica, having the properties of hydrophane, 
may bo obtained by pouring a layer of dilute oxalic acid on a solution of an alkaline 
silicate in a vessel inclin(‘d at an angle of 45°, and leaving the liquid at rest for several 
months. A layer of transparent silica then forms at the surface of contact of the two 
liquids, and below this are formed layers of gelatinous silica which gradually fill the 
vessel. 

The hydrated transparon" silica thus produced scratches glass, contains much 
hygrometric water, which it* Ibses at a low temperature (30°-36°), becoming at the 
same time milky like opal, and of the same hardness ; in this state it also retains 
9-13 per cent, of water. Its density varies from 2‘03-2‘07, and it is singly refractive. 
Portions which have? become opaque by exposure to air or by heating, become trans- 
lucent when treated with water, thus resembling hydrophane. After exposure to a 
rod heat, this hydrated silica has a mother-of-pearl lustre, is very brittle, exhibits 
cleavage in its longitudinal direction, and dissolves in a boiling concentrated solution 
of potash. The gelatinous silica formed at the same time becomes, in the course of a 
few months, transparent and very hard, and exhibits the properties of hydrophane 
(E. Monior, Compt. rend, Ixxxvi. 1318). 

Ullik (Zfer. xi. 2124) linds that the gelatinous silica which separates after some 
time on pouring a somewhat dilute solution of sodium silicate (water-glass) into 
hydrochloric acid, may bo completely washed by repeated treatment with water, 
without the slight(!st loss of coiierence. In this manner, perfectly pure silica is 
obuined as a translucent gelatinous mass of quite unaltered shape, which dries up in 
tiie air to a transparent substance resembling hyalite, and splitting up into larger or 
smaller pieces ; it has the den.sity of opal, and approximately the composition SiO’H'-*. 
The lumps, when quickly heated to redness, crumble, to a shining sand, but by raising 
the temperature gradually, larger unbroken pieces may bo obtained, perfectly vitreous 
and transparent, and still to a certain extent liygroscopic. The specific gravity, 
determined immediately after ignition, is 2'323, which is that of tridymite. The 
gelatinous silica, obtained as above, possesses in a high degree the properties of a 
membrane, and being a substance of known composition, should bo well adapted for 
the study of the laws relating to dydysis. 

When a solution of a silicate is mixed with an alkaline solution of alumina, a 
precipitate is formed, consisting of silicii or alumina, accordingly as one or the other 
of these substances is in excess. Tho dialysis of such a solution lias been studied by 
IT. Le Chatelier {Compt. rend. Ixxviii. 1046). Tho solution employed contained 
0 20 gram SiO^ 0 30 and 3*80 Na-O. On dialysis tliore remained on the 

mombrariH a white pulverulent precipitate containing 0*120 g. SiO^and 0*115 alumina ; 
the whole of the alkali had passed through the membrane, and contained in solution 
0 105 APO^and 0*010 SiO^ II. Sainte Claire Be ville remarks 1048) that such a 

decomposition by dialysis may afford an explanation of certain natural phenomena, in 
which clay or even chalk may be supposed to play the part of the membrane, and thus 
the presence of flints in chalk may bo accounted for. 

Action on Carbonates . — When silica is heated with sodium carbonate in a 
platinum crucible, tho quantity of carbon dioxide evolved tends to a fixed limit, which 
cannot bo exceeded at any particular tellIp^ratu^e, but. rises steadily with increase of 
temperature. If y denote the loss of carbon dioxide and x the time, the relation may 
bo expressed by the equation : 
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An acid silicate is first formed, and then resolved into a normal silicate and free silica« 
which again acts on the silicate, and so on till an equilibrium has been established 
between these opposite actions. The ovulution of carbon dioxide is accelerated by 
passing a stream of dry air into the crucible ; but the decomposition is then never 
complete. Tit.'inic acid acts on carbonates in a similar manner, and so, according to 
fliortdahl, does zirconia (v. 1084). 

SZlbZCATlSS. BeJiamour at high temperatures.— ^\\\c,9X&s which do not contain 
any volatile constituents suffer no chemical change when fused, and some of them even 
reassume their crystalline form on solidification, but the greater number form a glass 
which has a lower specific gravity than the original mineral, and is easily decomposed 
by acids. There is, however, a very important class of silicates, including topaz, 
mica, tourmaline, &c., which undergo chemical change on fusion, owing to the 
volatilisation of some of their constituents, as hydrogen and fluorine. 

Experiments made with various kinds of topaz and mica show that only the former 
lose the whole of their fluorine at the temperature of a porcelain-furnace, and that 
too only under favourablo circumstances. One part of the fluorine is evolved as 
hydrofluoric acid, and the rest as the silicofliioride contained in the original mineral, 
whilst the metals K, Li, Mg, Fe, Al, and 8i, existing as fluorides, remain behind as 
oxides. This shows that the fluorino in these silicates is combined in a manner 
similar to the oxygen. In the topazes, not only the silicon of the aluminium silico- 
fluoride, but also a portion of the silicon from the oxysilicates, is converted by the 
hydrofluoric acid into silicon fluoride, and evolved as such (Rammelsberg, Amu Phys, 
Chem, [2], vii. 146). 

Analysis. — To estimate the silica in silicates, ?Iaske1yne a. Flight {Ber.xi. 
1414) heat the mineral with hydrofluoric acid in a platinum retort through which a 
stream of hydrogen is passed, and receive the gaseous silicon fluoride thereby evolved 
in aqueous ammonia of sp. gr. 0*88. The retort is first heated in a water^bath for 
two hours, whereby tho mineral is decomposed, but only a trace of silicon fluoridb is 
evolved, afterwards in a paraffin-bath at 132®, whereupon tho silicon fluoride passes 
over, the operation being completed in five to ten minutes. Tlie process is then 
repeated w'ith fresh hydrofluoric acid and ammonia-solution to ensure that the decom- 
position is complete. The ammoniaciil solutions are then evaporated in a platinum 
dish, whereby the silica is dissolved ; the cooled solution of ammonium silicofluorido 
is precipitated with potassium chloride and absolute alcohol; and the silicon is estimated 
as potassium silicofluorido. One advantage of this method is that the potassium 
silicofluoride weighs four times as much as tho corresponding silica, an important 
consideration in the case of minerals poor in silica. For tho success of the operation, 
the digestion for tw’o hours in the water-bath is indispensable. Addition of sulphuric 
acid is to be avoided, as it serves only to retard the distillation of the silicon fluoride. 

Tho decomposition of silicates by hydi-ofluoric acid is recommended by A. R. Leeds 
{Zeitschr. anal, Chem. 1877, 323), when it is desired to estimate the iron as ferrous 
oxide. The reaction must be conducted in an apparatus in which tho solution is pro- 
tected from contact with the air. 

For the decomposition of silicates and estimation of tho alkalis therein contained, 
A. Terreil {Compt. rend. Ixxxi. 1268) recommends tho use of barium hydrate, as it 
melts easily and at a comparatively low temperature, and nevertheless effects a com- 
plete decomposition of the silicate. Tho finely pulverised substance is fused with 7 or 
8 times its weight of fused barium hydrate at tho biwest possible temperature (below 
dull redness) in a silver or platinum crucible, which under thoso circumstances is not 
sensibly attacked, especially if the air be excluded ; the mass after cooling is boiled 
several times with water ; the excess of baryta and lime, if present, is removed by 
carbonic acid ; and the alkalis are determined in tho filtrate by known methods. 

Cr. Bong {Bull. Soc. C'him. [2], xxix. fiO) effects tho decomposition by fusing the 
finely pounded mineral in a platinum crucible with about three times its weight of 
pure red lead ; the fused mass is then digested with nitric acid ; the solution evaporated 
to dryness ; the residue treated with water ; the solution filtered from the insoluble 
silica ‘is freed from lead by hydrogen sulphide; and tho analysis is completed in the 
ordinary way. This method also has the advanhigo of effecting the decomposition at 
a much lower temperature and in a shorter time than that of fusion with sodium 
carbonate, and, moreover, greatly facilitiitcs the estimation of the alkalis. 

For the estimation of water in silicates, the following method is described by L. 
Sipocz (Wien. Akad. Ber. [2 Abth.], Ixxvi. 51). The silicate mixed with four tiinas 
its weight of a mixture of potassium and sodium carbonate is placed in a platinum- 
boat provided with an overlapping cover, which is thrust into the middle of a 
platinum tube 40 cm. long and 17 mm. internal diameter. This tube is dried by 
heating it to 130^ and passing a stream of dry air through it for about an hour after 
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which it is laid in a combiwtion-furnace, and the mixture is thoroughly ignited, while 
a stream of dry air is continuously passed through the tube. The water which passes 
over is condensed in an absorption-tube containing fragments of glass moistened with 
strong sulphuric acid. 

SX^LlCOWf or BXXiZCZITM, On the Specific Heat of Silicon, see Hbat (pp. 926 
937 ). 

On the Estimation of Silicon in Pig-i^on, see p. 1108. 

Organic Compounds of Silicon: 

fSthyllo Orthoallicoacetatei Si(CH^)(OC^H‘)^ homologous with ethylic 
orthosilicopiopionate (vii. 1082), is formed, together with zincmethylethoxyl, 
Zn(CH®)(OC‘'*H*),by the action of zinc-methyl on ethyl silicate, and may be separated 
from the product by fractional distillation, us a liquid boiling between 14o° and 161°. 
It resembles the corresponding propionic ether, has a density of 0*9283 at 0”, is soluble 
in alcohol, insoluble in water, but slowly decomposed thereby. Hydriodic acid con- 
verts it into silico-acetic acid, OH^SiOOli, which is an amorphous powder 
insoluble in water and in ether, and burns when strongly heated, producing silica, 
carbon dioxide, and water (Ladenburg, Ber. vi. 1029). 

Metbyllo Orttaoslliaoproplonate, Si(G‘H<^)(OCH’’)^ is obtained by gradually 
adding sodium (12 grams) to a warmed mixture of methyl silicate (40 g.), and zinc- 
ethyl (12 g.), then distilling and fractionating the product: 

2Si(OCH>)* + Zn(C*H®7 Na^ = 2Si(C2H»)(OCH»)* + Zn + 2NaOCH». 

This is a liquid closely resembling the corresponding ethylic ether in odour and 
appearance, but less stable. Sp. gr. 0 9747 at 0®. Boiling point 12.5°-130°. It is 
insoluble in water, but decomposes in contact therewith, especially on addition of 
ammonia, yielding silicopropionic acid ; readily acted upon also by .aqueous hydriodic 
acid (Ladenburg, Ber. v. 1081). 

Slllclo Pbenyltriclilorlde, or Slllco-benzenyl Tricblorlde, SiC^H^CP, is 
formed, together with mercuric phenylchloride, by heating mercury-<liphonyl with 
silicon tetrachloride in sealed tubes at 300°. When separated from the product by 
repeated fractionation, it is a colourless fuming liquid, having a faint odour like that 
of silicic chloride, and boiling at 1 97°. It sinks in water and decomposes slowly ; 
quickly, on the other bund, when heated, or on addition of ammonia, yielding silico- 
benzoic acid, SiC®H‘(OH)*. It is likewise decomposed by absolute alcohol, with 
formation of ethyl silicobenzoate, SiC®H®(00*H*)*, which is a colourless liquid 
having an ethereal and at the same time pungent odour (probably due to impurity), 
boiling at 237°, and having a sp. gr. of 1*0133 at 0°, 1*0055 at 10°. By contact with 
the air, or more quickly by the action of water, it is converted into a polyorthobenzoic 
ether. With hydriodic acid it yields, together with ethyl iodide, a hard mass mostly 
coloured by free iodine, which, after purification by addition of ammonia, repe.itod 
evaporation with water, and washing of the residue with water, consists of silico- 
benzoic acid, the identity of which with that prepared from the chloride has, however, 
not yet been established. Both these acids dissolve in other, in aqueous and alcoholic 
potash, and sparingly in alcohol, but are nearly insoluble in water, and both are con- 
verted into silicobenzoic anhydride, (SiC®H'0)‘0, by preci pitting their solution 
in absolute alcoholic potash with carbon dioxide, filtering, evaporating the filtrate, 
and drying the residue at 100^ This anhydride dissolves with moderate facility in 
ether, and remains on evaporation in transparent brittle spherical masses resembling 
Prince Rupert’s drops. It is slightly soluble in alcohol ; water ttikes up only traces 
of it. It dissolves readily in warm aqueous potash, and is not precipitated from the 
solution by dilute hydrochloric acid, but on adding ammonia in excess, nearly the 
whole is precipitated as silicobenzoic acid. When the potash-solution is evaporated 
to dryness and the residue further liejited, water distils over together with benzene. 
Silicobenzoic anhydride, when heated in contact with the air, is converted into a 
somewhat fiuid, scarcely coloured mass, and this when further heated gives off com- 
bustible vapours, and loaves a black tumefied mass which does not burn away com- 
pletely even at a white heat. Silicobenzoic acid is intermediate in its chemical 
relations between silicic and benzoic acids (Ladenburg, Ber. vi. 379). 

Slllolo PlienyItrIetliide,SiC®H*(C*H*)‘', is produced, together with zinc chloride, 
by heating about equal quantities of silicic phenyltrichloride and zinc-ethyl in sealed 
tubes at 160° for some hours, then, after opening the tubes, continuing the heating 
for an equal time at 180°, and, after a further evolution of gas, at 165° till no more 
gases are given off on further heating. The contents of the tubes are then to be 

Voi. vin. 6 z 
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cautioudy dropped into water, the zinc oxide thereby separated dissolyed in hydro- 
chloric acid, and the oily layer, after addition of ether, evaporated, washed, dried, and 
fractionated. * 

Silicic phenyltriethide is a colourless liquid boiling at 230^, and giving off a vapour 
which has an odour like that of oil of cloves but fainter. Sp. gr. = 0*9042 at 0°. It 
is insoluble in w'atcr, but soluble in ether ; burns with a bright but very smoky flame. 
When treated with very strong nitric acid, it turns black and gives off the odour of 
nitrobenzene. Dilute nitric acid does not act upon it at ordinary temperatures, but 
decomposes it when heated, likewise with separation of the phenyl-group. Silicic 
phenyltriethide, heated with stroj^ sulphuric acid, is decomposed, apparently with 
formation of triethylsilicol (vii. 1083): 

SiC«H*(C'H*)* + SO^H- = Si(C=*H»)>OH + C«H*(SO»H). 

Silicic phenyltriethide, heated with bromine in a reflux apparatus, is converted, 
with evolution of hydrogen bromide, into a bromo-derivative boiling at 270®“280°. 
On slowly passing chlorine into silicic phenyltriethide, the liquid being cooled from 
time to time, again treating the portion which boils below 250° with chlorine, wash- 
ing the product with a small quantity of water, and fractionating it after drying with 
calcium chloride, a small quantity of a thick liquid is obtained, having the com- 
position SiC**H'®Cl. It has an aromatic odour, a density of 10185 at 0°, boils at 
260°- 265°, burns with a smoky, green-edged flame, is insoluble in water, and is not 
decomposed thereby ; does not yield acetic ether when boiled with alcohol and potas- 
sium acetate. 

The action of zinc-otbyl on silicic phenyltrichloride yields, in addition to silicic 
phenyltriethide, two other bodies, one of which appearg to be silicic ethide, Si(C"H*)\ 
boiling at 147"-152° (vii. 1084), the other silicic diphenyldiethide, Si(C'*H*)®(C*H*)*, 
boiling at about 310° (Ladeuburg, Liehig*s Amialen, clxxiii. 151 ; Jkr. vii. 387). 

Silloopropyl-compounds (Cahours, Compt. rend. Ixxvi. 1 383). Silicopropyl 
ether, Si(C*H’0)\ is formed on adding anhydrous propyl alcohol by small portions to 
silicic chloride, and is obtained by rectifying the product, as a colourless liquid of 
sp. gr. 0*916 at 18°, and boiling at 225°-227®. It is readily decomposed by boiling 
water, with separation of silicon. 

Silicopropyl monochloride, Si(C*lI’0)*Cl, is formed by heating silicon chloride with 
silicopropyl ether in closed vessels at 160°: 

SiCD + 3Si(C*H^O)^ = 4Si(C>H’O)®01. 

It has a sp. gr. of 0*980, and boils at 208°-210®. Silicopropyl dichloride, Si(C®H'0)=Cl*, 
is formed by the action of silicon chloride on the monochloride at 160°-166°, or on 
silicopropyl ether in the requisite proportion : 

(1) . SiCD + 2Si(C>H’0)*a * 3Si(C»H^O)2CD 

(2) . SiCD + Si(C»H*0)" = 2Si(C»H^O)2Cl* 

The dichloride is a colourless liquid of sp. gr. 1*028, and boiling between 185° and 
188°. 

Sillcio Tolyltrlcblortde, >SiC^H^CD, is prepared by heating mercury^tolylide 
(m. p. 238°) with silicon chloride at 300°-320°, and fractionally distilling the product. 
It is a strongly refracting, fuming, viscid liquid, smelling like silicon chloride, heavier 
than water, and decomposed thereby. On dropping it into ammonia, a body separates 
which is insoluble in water, may be conveniently dissolved out by ether, and remains 
on evaporation of the ether as an oil which gradually changes to a viscid mass, and 
finally to a white, translucent, hard, amorphous body, this change taking place more 
quickly at the heat of the water-bath. This body, after drying at 100°, gave numbers 
intermediate between those required by the formula of silicotoluic acid, 
C’^H'.SiOOH, and. those required by its anhydride, (Si0^H'0)*0. Silicotoluic acid 
melts at about 150°, and is completely converted into the anhydride at 200° (Laden- 
burg, Liebig's AnneUen, clxxiii. 166; Ber. vii. 389). 

sz&ico-TirBrosTATiss or cjeszom Aim auaxsirrM. See 

RtrBiDicM(p. 1767). 

8ZXiX« An analysis of silk-cocoons, by A. Renouard, gave the following results : 

^In the entire In the inner In the outer 
cocoon layer layer 

Gummy substance . . • 29*30 31*47 27*72 

Sericin or Fibroin . . . 70*70 68*33 73*28 

The gummy substanra was obtained by boiling the cocoon with a strong solution 
of soap, then washing with boiling acetic acid ; the insoluble residue was calculated 
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as fibroin. Mulder’s analysis of silk is regarded by Benonard as incorrect ; he stated 
that silk contained 19-21 per cent, glutinous substance, and 24-25 per cent, albumin 
(BiedermaniCs CentT<dblait. f wr Agnculturchmnie, 1879, 72). 

Aii^lried silk contain.s 9 91 per cent, water ^Benard, Bingl. pol. J. ccxxvi. 216). 

According to E. Pfeiffer {^Arch. Bharm. [.3], i. 424), the yellow colouring matter of 
raw silk consists of chlorophyll more or loss altered and deprived of its blue con- 
stituent ; and from the greenish cocoon, Or from greenish raw silk, unaltered chloro- 
phyll may be extracted, separable by etAor containing hydrochloric acid into its blue 
and yellow constituents. 

In the manufacture of raw silk, the cocoons aro immersed in water, with the object 
of softening but not of dis.solving the natural gum by which the threads are held 
together. Now raw silk owes its colour, strength, and beautiful appearance to the 
presence of its soluble constituents ; and when soft water is used in winding it, the silk 
is inferior in strength, colour, and general appearance to that obtained when hard 
water is employed, because the soluble constituents of the silk are more rapidly dis- 
solved by the soft than by the hard water. Soft ivater may bo improved for spinning 
purposes by the addition of gypsum, magnesium sulphate, or sodium carbonate (Gabba 
a. Foxtor, Ber. xii. 17). 

Eaw silk boiled W'ith baryta- water yields the sumo products as fibroin (Schiitzen- 
hergor a. Bourgeois, p. 785). Champion, by treating silk with concentrated baryta- 
water, obtained an acid, called sericio acid, to which he assigns the formula C®®II®®N"0*^ 
(vii. 1080). 

According to J. Lowe (Bingl. pol. J. ccxxii. 274), silk dissolves in an alkaline 
glycerin-copper solution, and is precipitated therefrom by hydrochloric acid in the 
form of a white jolly. The «!d{)por-solution is prepared by dissolving 16 grams of 
pure crystallised cupric sulphate in 140-160 g. water, then adding 8-10 g. pure 
glycerin of sp.gr. 124, and dropping in soda-ley till the copper precipitate is re- 
dissolved. 

Tiie presence of cetoi in silk-tissues may be detected by means of chromic acid, 
which unites w’ith the silk-fibre, and dyes it, whilst the cotton-fibre remains uncoloured 
(Jacqueniin, Compt. rend, Ixxix. 623). 

On the Bleaching and Dyeing of Silk, see Bingl. pol. J. ccxxiv. 99 ; Jahresh. /. 
Chem. 1877, 1226. 

SI&VSR. Tw'o specimens of native silver from Allemont in DauphiD6, analysed 
by A. H. Church (Jahrb.f, Min. 1874, 715), were found to contain : 

Ag Hg Sb Sp. gr. 

A. 71*69 26-15 12 16 = 110 11-10 

B. 73-39 18-34 8-27 = 100 10-05 

Thero is probably somo error in analysis A. Kies {Jahresb, f. Chem. 1874, 1230) suggests that the 
percentage of antimony is probably 2*16. 

Elaborate investigations on ancient specimens of native silver have been published 
by E. V. Bibra ( Ucher alte FAsen^- und Silberfunde. Archdoiogisch-chemischc Skizze, 
Niirnberg und Leipzig, 1873). 

M. M. P. Muir (Chem. I^'ews, xxxv. 6) found in one specimen of arborescent silver 
from the Thames Gold-fieldin New Zealand, 97*06 per cent, silver, 0*98 mercury, and 
198 silica and matrix ( --=99’26), together with 0-00005 copper and 0-00109 iron. 

An analysis by F. Field (Chem. *[fews, xxvii. 175) of native brittle nlver from 
Bolivia, gave 78-12 per cent. Ag, 12-01 AgCl, 9-34 Fe-0®, and 0-40 Go. 

Extraclmi and Purification. — The amalgamation of silver ores in Chili is now • 
preceded by treatment with cuprous chloride, wliicli acts on silver sulphide as repre- 
sented by the equation : 

Ag^S + tVCP = 2Ag + CuS + CuCR 

The cuprous chloride is prepared by saturating a solution of cupric sulphate with 
common salt, and boiling the solution with copper turnings. The crushed ores are 
first treated with the copper solution alone ; mercury is then added (20 to 25 pts. to 
1 pt. silver) ; the mixture is agitated in barrels ; and the amalgam is subsequently 
purified by washing with water, any cupric oxide that may bo present being removed 
by ammonium carbonate. If the ore contains chloride or bromide of silver, a quantity 
of lead is added equal to 26 per cent, of the amount of silver, whereby chloride of 
lead is formed, and the loss of mercury by conversion into chloride is avoided (Fon- 
seca, Bingl. pol. J. ccviii. 396 ; also Prime, Awer. Chemist, iv. 87 ; Jahresb. f. Chem. 
1873, 990; and Kronko, Bingler. cezzvi. 401; Jahresb. 1877, 1122). 

The method of Amalgamation practised in Colorado is described by T. Ejgleston 
(Bingl, pol. J, ccxzvi. 517 ; Jahresb, 1877, 1123). 

5s2 
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Extraction with Calcium Thiosulphate , — ^The following process, practised at the 
Stewart smelting works, Georgetown, North America, is described by W. Brunton 
(Diuyl. ccxzii. 177). The ores, after being subjected to a chlorinating process, are 
intrc^ucod into round wooden tubs 1‘2 m. high and 2*7 m. in diameter. Each tub holds 
about 2 tons of ore, and is furnished with an agitator and a closely-ftttiiig cover with 
two ventiliitors for the conveyance of steam and sulphurous acid. The tubs are filled 
with the ore, and the latter treated with Hunt and Douglas’s liquid (consisting of 
sodium chloride and ferrous chloride). Thehnizture is then agitated, and at the siime 
time sulphurous acid and steam are introduced. The whole of the cupric oxide present 
in the ore is thus dissolved by the ferrous chloride. The reiison for the addition of 
sulphurous acid is that the ferrous chloride would otherwise bo converted into ferric 
chloride by the oxidising ingredients present in the ore, and the copper would then 
be precipitated. The cupric chloride in presence of sodium chloride converts the 
whole of the silver sulphide present in the ore into chloride. After the mixture has 
been agitated in these tubs for five hours, the solution is allowed to settle, then 
drawn oif, and the tubs are again filled with water, steamed and agitated. After two 
hours* washing with hot water, the apparatus is again stopped and the clear water 
. drawn ofif. Calcium thiosulphate is now added from a reservoir placed above the 
tubs, and after agitation for four hours at 38^, the mixture is left to settle and the clear 
silver solution drawn ofif. In the case of ores very rich in precious metals it is 
advisable to repeat this operation before washing with warm water at 40°. Finally 
the tubs are emptied. 

The solution containing the sodium chloride and ferrous chloride is passed through 
a filter in order to separate mechanical impurities, and then run into tanks filled with 
iron filings, where the copper is precipitated and th^ solution brought back to its 
former condition. The washings are evaporated to 15° B., and submitted to a 
similar treatment. The silver solution is placed in large precipitating vessels, treated 
with calcium sulphide, agitated for a few minutes, and left to deposit. The liquid is 
then run into the regenerating vessels and treated with sulphurous acid, whii H con- 
verts the whole of the excess of calcium sulphide used into thiosulphate. The wash- 
ings fi-om the treatment with calcium thiosulphate are worked up in a similar 
manner. When the precipitate in the precipitating vessels is from 126-150 mm. 
high, it is washed with hot water, dried, and roasted in a small reverberatory 
furnace at a low temperature, until all the sulphur has been driven off. Fluxes are 
added if necessary, and the temperature is raised until the whole mass is in a state of 
perfect fusion. The slags are then removed, and the pure metal skimmed off and 
poured into moulds. If the slags contain more than 20 ounces of silver per ton, 
they aro worked up again with the ore. 

From the Fahl-orea of Baranna, in Mexico . — The ore, containing zino-blende, 
galena, iron and copper pyrites, quartz, silver, and a trace of gold, is crushed and 
roasted with 5 to 7 per cent, of salt. The copper and zinc are then extracted by 
treatment with cold water, and the copper is precipitated from the solution by iron. 
From the insoluble residue the silver with a little lead is extracted by solution of 
sodium thiosulphate, and the silver precipitated by calcium sulphide. This precipi- 
tate when roasted gives a metal of 650-700 thousandths fineness, which is purified 
by cupellation with lead (Chem. Centr. 1878, p. 830). 

Fro7n SUicious Ores . — Hound the great Salt Lake in Utah, enormous deposits of 
spongy silica aro found, which have evidently be6n deposited from hot springs. These 
deposits cont'iin lead oxide, cupric oxide, ferric hydrate, ferric oxide, and silver 
chloride in Viirying proportions. The quantity of the hitter is from 1-10 kilograms 
per ton, but as an average 2'3-2’5 kilograms. The groat amount of silica, seldom 
less than 90 per cent., makes it impossible to extract the silver by smelting, and it 
has also been found very difficult to extract the silver chloride by alkaline chlorides 
or thiosulphates. . But the following method gives very good results, not more than 
1 00 grams of silver per ton of ore being lost. 

One part of the ore is boiled with 3*5' pts. of salt and 3*5 pts. of strong hydrochloric 
acid until the mass is disintegrated, then the same quantity of hydrochloric acid is 
added, and 1 pt. of manganese oxide is gradually introduced. When the evolution of 
chlorine ceases, the liquid is decanted, the residue washed with water, and the silver 
is precipitated from the solution by iron. To remove lead and a little copper, it 
must be refined by cupellation. On working on a large scale, the above proportion 
will be found sufficient for 2-3 pts. of ore. As manganese oxide, pyrites, salt, and 
coal are plentiful in Utah, this process can be carried out without difficulty (A. 
Guyard. Btill. 8oc. Chim. [2], xxv. 99). 

From burnt Cupreous Pyrites . — The residues of cupreous iron pyrites which have 
been burnt in the sulphuric acid manufacture contain wmall proportions of copper nnd 
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silver, amounting to about 3*6 per cent, of the former, and from 15 to 28 dwts. per 
ton of the latter. Two methods are employed for the recovery of the silver. The 
first, known as Claudet’s, depends on the almost complete insolubility of silver iodide 
in cold solutions of metallic and alk-aline chlorides. It is conducted by lixiviating 
the burnt residues after calcination with sodium chloride ; the first three washings, 
which contain nearly all the silver, are, after settling, run into precipitating tanks ; a 
sample from each tank is then assayed for silver ; and an amount of potassium iodide, 
calculated as equivalent to the total silver present, is added in solution to the copper 
liquors, which are, at the same time, diluted with water, and mixed with milk of 
lime, the whole being thoroughly stirred The precipitate, consisting of silver iodide, 
lead sulphate, calcium sulphate, and oxychloride and subchloride of copper, is allowed 
to settle. The accumulated precipitate is withdrawn and washed with hydrochloric 
acid to remove copper salts, and then treated with metallic zinc, whereby zinc iodide 
id formed, with separation of metallic silver and gold If present. The zinc iodide is 
then dissolved out, standardised, and used instead of potassium iodide, for operating 
upon a new quantity of copper liquor. It is essential to the success of the process 
that only very little or no cuprous chloride should be present in the copper liquors, 
because it separates out on dilution, and, moreover, interferes with the precipitation 
of the silver iodide. 

The second process consists in blowing through the copper-liquors sulphuretted 
hydrogen diluted with air. Its first effect is to precipitate a far larger proportion of 
silver than of copper. The hydrogen sulphide is obtained by acting upon ‘ tank 
waste ’ with hydrochloric acid, in large covered tanks. Before blowing, the copper in 
the solution is estimated by st...ndard potassium cyanide solution, and the blowing is 
allowed to proceed until the (Jiftintity of copper is diminished hy 6 per cent. The 
precipitate, which still contains a little chloride, is washed and filtered, then calcined 
at a low temperature, whereby chlorides of copper and silver, and oxide and sulphate 
of copper are produced. This is then ground to rough powder, lixiviated with water 
to remove copper sulphate, then with hot solution of sodium chloride, which dissolves 
the silver chloride. The solution,’ however, contains also copper and some lead 
sulphate ; it is mixed with milk of lime, well washed, to remove calcium chloride, 
then digested with dilute sulphuric acid to remove oxide of copper, and again washed. 
After drying, the precipitate has the composition — 

Insol. 

Agf PbO CuO Fe*0» CaO BO* Cl H“0 residue Total 

8*77 28*66 3*76 2*61 13*67 31*73 4*70 4*20 1*40 99*49 

The value of the silver recovered is about 28. 6d. per ton of ore worked, the cost 
by either plan being about 10(£. The quantity of these ores treated annually amounts 
to about 350,000 tons (T. Gibb, Chem. News, xxxi. 165). 

On the Separation of Silver from Argentiferous Lead, see Lead (p. 1106). 

On the Recovery of Silver from Cast^-iron Crucibles in which that metal or its 
alloys have been fused, see Javorsky a. Vvmoimlgi {Lingl. pol. J. ccxvii. 214: Chem. 
Soc. J. xxix. 4.03). 

Fqp the recovery of Silver from solutions of the Cyanide (photographic baths, 
&c.), E. V. Bibra (.7. pr. Chem, [2], xiv. 185) recommends, as most expeditious and 
least costly, the method of precipitating the silver cyanide with sulphuric acid, igniting 
the precipitate, and dissolving it in nitric acid. On adding hydrochloric acid to the 
resulting solution, the whole of the Alver is precipitated as pure chloride, which may 
be most advantageously reduced from its ammoniacal solution by metallic zinc. 

Vhysical Properties. — According to Kiimis (Pogg. Ann. clviii. 121), the forms of 
electrulytically precipitated silver vary with the intensity of the enrrent, the concen- 
tration of the solution, and the density of the current at particular points. Thread- 
like masses of silver, called * moss-silver,’ are produced by heating silver sulphide in 
a current of steam and hydrogen gas (W. M. Hutchings, Chem, News, xxxv. 117, 186). 

Pseudomorphs of native silver after Stephanite or Brittle Silver-ore. occur at 
Przihr.im in Bohemia (G. vom Rath, Pogg, Ann. cxi. 266 ; V. v. Zepharovich, Wim, 
Akad. Per. [1 Abth.] Ixix. 33). 

The specific gravity of pure silver was found by W. Chandler Roberts {Proc. Boy. 
Soc. xxiii. 494) to be 10*57 in the solid, and 9*4612 in the fluid state; that of an 
alloy of 718*33 pts. silver and 281*07 copper was found by experiment to be 9*9045 ; 

calculation 9*998. Mean coefi&cient of cubical expansion through 1050 degrees = 
0*00011164; therefore coeff. of linear expansion =0*00003721. 

The melting point of pure silver is given by various authorities at 909° to 1034° 
(v. 277) *, according to Beequerel it is 1040° ; according to J. Violle {Compt, rend. 
luxv. 543) pure silver melts at 954°. 

Absorption of Oxygen hy Silver.— -T)\rm^s (Anw. Chim. Phys, [5], xiv. 289) found 
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that when pure silver prepared in the ordinary way was heated in a porcelain flask, it 
began to give off pure oxygen at 40()°-600®, the evolution of gas going on for six 
hours, then ceasing, and not being renewed even when the metal was heated to fusion. 
The silver when cold formed a finely crystallised metallic mass, having a density of 
10*512, which is somewhat higher than that usually given for pure silver. The 
quantity of oxygen thus evolved from a kilogmm of silver amountetl to 67 cc. at 0° 
and 700 mm. or by weight to 82 mg., so thatf the kilogram of metJil employed con- 
tained only 999‘9i8 grams of pure silver. ^In a second experiment in which the 
influence of the atmosphere on the fused silver was greater, 1 kilo, yielded 155 cc. or 
226 mg. oxygen, so that the amount of real silver in the kilogram was only 999*774 
grams. In a third experiment, performed in a glass tube, the quantity of oxygen 
obtained was 174 c.c. = 249 mg., showing that the kilogram of metal contained 999*751 
grams of pure silver. 

This occlusion of oxygen by silver is of great importance with regard to the use 
of that metal as the basis of determinations of atomic weights, inasmuch as different 
values must be obtained according to the quantity of oxygen occluded in the particular 
sample of silver employed in the experiments. Thus, in the experiments of MarignJic 
a. Stas on the atomic weights of silver and chlorine (i. 005), the introduction of 
the correction required for the occluded oxygen would give the ratio Ag : 01 = 108 : 
35*5 rather than 108 : 35*45. 

The whole of the oxygen occluded in silver may, as already observed, be drawn 
off by heating the raotal in a vacuum at 600®. If, on the other hand, the temperature 
be raised to the melting point, and oxygen be brouglit in contact with the silver, the 
gas is rapidly absorbed, and partly given up again, with spitting, as the metal solidi- 
fies, the remaining portion being however retained. • • 

Be act ion 8 . — On the reaction between silver and nickel in the melted state, see 
Nickel (p. 1390). 

On the Action of Light on Haloid Silver salts, see Light (p. 1231). 

The reduction of silver from its salts by pure hydfogen^ observed by Russclf and 
others (vi. 718; vii. 660; viii. 1070), was confirmed in the first instance by the 
experiments of B. Renault {Compt. rend. Ixxiv. 984); but .subsequent observations by 
the same chemist {ibid, Ixxvi. 384) seem to show that the reduction is not effected by 
pure hydrogen, but only when the gas contains traces of arsenetted or siliciuretted 
hydrogen. On the whole, however, the balance of evidence appears to be in favour of 
the reduction of silver salts by pure hydrogen. 

Estimation. — Soluble thiocyanates precipitate silver completely from its 
solutions as thiocyanate, CSNAg, and the precipitate is not acted upon by mineral 
acids. On adding a solution of potassium or ammonium thiocyanate to an acid 
solution of a silver salt containing a small quantity of ferric sulphate, the whole of 
the silver is precipitated, while the excess of the thiocyanate solution gives a blood- 
ied colour with the ferric salt, so that the end of the reaction may be very sharply 
determined. 

As ammonium thiocyanate is very hygroscopic, it is advisable, instejid of weigh- 
ing out a definite quantity of this salt, to titrate a solution of it against a solution 
which contains 10*8 grams of pure silver dis.solved in nitric acid, the liquid* being 
made up to 1000 c.c. 10 c.c. of this solution are put into a beaker, together with 
5c.c. of a solution of ferric sulphate (50 grams to one litre of water), 150-200 c.c. of 
water are added, and the ammonium thiocyanatti solution is then allowed to flow in 
drop by drop until a pale red tint is obtained. This method is applicable in presence 
of tolerably largo quantities of copper. Chlorine, bromine, or iodine maybe estimated 
by precipitation with an exce.ss of a silver solution containing a known amount of 
silver, and subsequent titration with thiocyanate solution in order to determine the 
excess of silver added (J. Volhard, /. Chem, [2], ix. 217; more fully, Liebigs 
Annalen, cxc. 1-51 ; Chem. Soc. J. xxxiv. 743-5). 

On the application of this method to the estimation of Silver §indGold in Cupelled 
Silver, see Lindemann {Dingl, pol. J. ccxxvi. 66 ; Chem. Soc, J, xxxiv. 630). . 

G. Sire {Ann. Chim. Bhys. [6], ii. 151) points out that, in taking samples from 
silver objects for the estimation of the silver, it is necessary first to remove the super- 
ficial layer, which is richer in silver than the interior, by boiling with nitric acid, or 
other manipulations. His experiments show that differences of 3 to 4 per cent, may 
occur, accordingly as the surface-layer, or the metal remaining after this layer has 
been scraped off, is taken for analysis. 

A modification of the Apparatus used in Gay-Lussac’s Method of Silver Assaying 
is described by Sire {Ann. Chim. Vhys, [4J, xxviii. 108 ; Jahresh.f. Chem, 1873, 946). 
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Compounds of Silver, 

On Alloys of Silver with Copper, see Copper (p. 561). 

On Silver-amalgam, see Mercury (p. 1270). 

Silver arsenide^ AgAs, is obtained in the form of a white, brittle, very hard, . 
crystalline metallic button, sp. gr. 8*51, when silver arsenate is gentjy fused with 
potassium cyanide. It loses arsenic on heating, forming a new compound having the 
sp. gr. 9 01; fused under a layer of bpric acid at a higher temperature, it is converted 
into Ag*As, sp. gr. 9*61 (A. Dcscamps, Compt. rend. Ixxzvi. 1022). 

Reactim of Silver Arsenite with Ammonia, — The light yellow precipitate of silver 
arsenite is usually said to bo soluble in aqueous ammonia. J. B. Santos {Chem, 
News, xxxviii. 94) has however observed that, if the precipitate formed on mixing 
solutions of silver nitrate and sodium arsenite be washed several times by decantation, 
it no longer dissolves (at all events not completely) in aqueous ammonia, but assumes 
a well-marked crystalline character and a deeper yellow colour. In fact, tri basic 
silver arsenite, Ag^AsO**, is not by itself soluble in ammonia, but dissolves readily 
therein in presence of alkaline nitrates. By the continued action of ammonia, it is 
slowly and imperfectly decomposed, being perhaps converted into a salt of argent- 
ammonium. A silver arsenite containing in combination or admixture a proportion 
oi arsenic larger than that of the tribasic salt, dissolves at once in ammonia without 
the presence of alkaline nitrates. The solubility of silver arsenite in acetic acid is 
governed by the same conditions as its solubility in ammonia. 

Cblorldes. According to v. Bibra {Ber, viii. 741), pure argontous chloride 
can bo obtained ])y the action of hydrochloric acid on argentous citrate (produced 
by treating argentic citr<‘!t% a'ith washed and dried hydrogen at 100°). Argentous 
chloride is a black powder, the greater part of which dissolves in ammonia, the rest 
in nitric acid. The residue loft by nitric acid is also soluble in ammonia. Potassium 
cyanide also dissolves the body ,* sulphuric acid dissolves about 2 per cent, of it ; 
Lcetic acid and potash do not act upon it. Its analysis leads to the empirical formula 
Ag'OP, but its reactions with nitric acid and ammonia seem to show that it is a 
mixture, not a definite compound. The blackened chloride produced by the action of 
light on argentic chloride cannot, according to v. Bibra, be regarded as argentous 
chloride. 

According to Carey-Lea (Sill. Am. J. [3], xv. 189), the substance produced by the 
action of light on silver chloride is of a much moro permanent character than that 
formed in the case of the other silver haloids, inasmuch as nitric acid decomposes the 
bodies so produced from silver bromide and iodide (with separation of silver, and 
formation of ordinary silver bromide and iodide), but is without action on the sub- 
stance formed from silver chloride. After five days’ action of strong sunshine on 
moist silver chloride, exposed in a thin layer and frequently stirred up, about 1, per 
cent, of the chloride is acted upon. The darkened chloride is not acted on by nitric 
acid of sp. gr. 1*28 in the cold, so that it does not contain reduced silver; but as it is 
quickly whitened by aqua regia, it is probable that the darkening is duo to the form- 
ation of a subchloride or oxychloride. By digesting the darkened chloride (precipi- 
tated in presence of hydrochloric acid) with nitric acid of sp. gr. 1-28, for 18 hours on 
the sand-bath, a perceptiblo amount of silver was dissolved. 

Darkened silver bromide is readily acted on by the same nitric acid, complete 
decomposition taking place after heating for some hours. 

Sifver Chloroplatinita, AgCl.DtCP, produced by the action of silver nitrate on a 
solution of potassium chloroplatinite, is an amorphous flesh-coloured precipitate in- 
soluble in water, decomposed by hydrochloric acid (Nilson, J. pr. Chem. [2], xv. 269). 

On Silver Ferrocyanide, see Cyanides (p. 612). 

Streets of Beat on Cblorlde, Bromide, and Xodtde of Silver. G. F. 

Kodwell * (Proc. Roy, Soc. xxv. 280) has described various experiments made for the 
purpose of determining the coeficieuts of expansion and contraction of the iodide of 
silver, and the coeificients of expansion of the chloride and bromide. The results 
arq given in the following table. It will bo seen that the coefficients of the chloride 
and bromide are a littlo higher than thoso of the most expansible metals (lead and 
zinc), and that the coefficient of the bromide is higher than that of the iodide. The 
iodide of silver, on the other hand, has long been known to exhibit certain anomalies, 
contracting through a given range of temperature on heating. The following facts 
have been estiiblished in regard to these anomalies. If a mass of the molten iodide 
be allowed to cool, the following efiects may be observed : (a). At the moment of 
solidification a considerable contraction takes place. (jS). The solid on further cool- 
ing undergoes slight and regular contraction after the manner of solids in general, 

* Commimlcatcd by the author. 
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until it reaches a temperature of 142^, when it undergoes sudden and violent expansion, 
passing from the amorphous to the crystaHine condition. ( 7 ). After undeigoing 
this expansion, the mass, on further cooling, undergoes slight expansion. According 
to Fizeau, the point of maximum volume is at —60° and the coefficient of contraction 
augments with the temperature. The iodide exists in two allotropic conditions. 
AWe 142° it is a yellow flexible transparent solid, while at 142° it changes to a 
pale-green, crystalline, opaque, brittle substance. 

Effects of Heat on the Chloride, I&ohide, and Iodide of Silver. 



Ohlorlde 

Bromide 

Iodide 

Fusing point .... 

451® 

427® 


627® 

Specific gravity at 0° 

5505 

6*245 


5*675 

„ „ fusing point. 

4*919 

5*595 


5*522 

Volume at — 60° . 

1*000000 

1*000000 

1*017394 

\ maximum volume 

„ 10 ® . . . 

— 




1*017342 

M 0° , . . 

1*006647 

1*006060 


— 

„ 70® . . . 

— 

— 


1*017009 

„ 100® . 

1*015092 

1*016560 


— 





1016780 





after sudden expansion 

„ ■ • • 



1 

1*000000 



• « 


. maximum density 

,. 200° . 

1*024937 

1*027460 


— 

„ 300° . 

1*035082 

1*038760 


1*004493 

„ 400° . 

1*045227 

1*060460 


— 

„ fusing point (solid) . 

1*050319 

1*063470 


1*010949 

„ „ (liquid) 

1*116427 

1*122840 


1*044990 

Physical structure, &c. of fused 

Crystalline 

Crystal- 

Transparent and flexi- 

mass. 

fracture ; thin 

line and 


ble above 142°; crys- 


films, trans- 
parent and 

brittle. 


talline, opaque, and 
brittle below that 


flexible in 
the cold; 

thick rods, 
very flexible 
while hot. 



temperature. 


Clilorobromlodidea. Rodwell {Proc. Boy. 80c, xxv. 292) has also determined the 
coefficients of expansion, and other properties, of five compounds of silver with chlorine, 
bromine, and iodine. Chlorobromides of silver have been found in the mines of 
Chanarcillo in Chili, also, according to Dana, an icdobromide. The compounds 
described were formed by fusing together in a porcelain crucible the chloride, iodide, 
and bromide of silver in such proportions as furnished bodies of the composition 
shown in the annexed table. The coefficients of expansion having been determined 
by a method described by Kodwell, the volumes mven in the table were calculated 
therefrom. The melting points were determined oy Cainelley, by his new method 
(p. 937). The following facts will be observed by reference to the table : 

1. The chlorobromiodides contract on being heated from 124°-133°. Hence they 
possess two points of similar density. 

2. While the iodide of silver commences its contraction when the temperature 
rises to 142°, and ends it at 146’5°, the chlorobromiodides begin to contract 18° 
lower, and cease to contract at 12° lower. 

3. The specific gravity is in all cases above the mean of that of the constituents. 

4. The melting points are in all cases lower than those of the constituents. Thus 
No. 3 melts at 326°, viz. 201° lower than iodide of silver, which constitutes 68 per 
cent, of its weight. 

6. The melting points diminish from No. 1 to No. 3, and increase again from No. 3 
to No. 6. 

6. The contraction undergone by some of the chlorobromiodides is greater than that 
of the iodide of silver itself, 'although it is associated with two such expansible bodies 
as the chloride and bromide of silver; while, on the other hand. No. 1 has, during 
certain ranges of temperature, a higher coefficient than any of the substances com- 
posing it. 

7 . These anomalies are, no doubt, due to the way in which the iodide changes from 
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1 

u 

t 

◄ 

380° C. 

6-907 

5-725 

5-680 

1 000000 

1-006696 

■979696 

• 1-006372 

1-040513 

Orange-yellow, becom- 
ing green on expo- 
sure to light. Crystal- 
line and very brittle 
when cold. At 250° C. 
very plastic. Conld 
be bent easily and 
twisted. Eesembled 
iodide of silver. 

73-9285 

14-7856 

11-2859 


354° C. 

6-9717 

5-741 

5-643 

1-000000 

1-007440 

•984041 

1-009612 

1-067645 

Dull orange, becoming 
green on exposure to 
light. Crystalline. 
Brittle when cold, 
more fiexible at 250^ 
C. than No. 3. Less 
hard and tenacious 
when cold. 

68-0174 

18-1379 

13-8450 

◄ 

s f 

5^ 

CO 

•1 

326= C. 

6-503 

5-762 

5-6971 

1-000000 

1*010301 

•993201 

1-032283 

1-059998 

Orange, becoming 

green on exposure 
to light. Very te- 
nacious when cold. 
Compact ; hard. At 
250° 0. could be bent 
through an angle of 
40° without break- 
ing. 

58-6404 

23-4557 

17*9039 

< 

u 

a a 
< 

U} 

331° C. 

6-1197 

5-801 

5-5673 

1-000000 

1-012037 

1-006637 

1-046646 

1-097486 

Orange, turning bright 
green on ezposnro to 
light. Semi-crystal- 
line fracture. Te- 
nacious when cold. 
Bends very slightly 
before breaking at 
250° C. 

41-484 

33-186 

25 330 

b 

‘Id 

’C 

H B 
bo 
◄ 

1 

383° C. 

6152 

5-836 

5-5118 

1-000000 

*1-015331 

•1-015037 

1-054986 

1-11-2376 

Yellow, turning green 
on exposure to light. 
Crystalline fracture. 
Brittle. Resembled 
bromide of silver. 

26-1692 

41-8708 

31-9600 

Melting point .... 

Specific gravity at 0° C. 

I Specific gravity calculated on the) 
assumption that no change of j- 
volume occurs . . . J 

Specific gravity at melting point . 
Volume at 0° C. . 

„ „ 1240 c. 

„ „ 133-0. . . . 

Volume of solid at melting point . 

„ „ liquid at solidification 1 

point > 

Physical properties of the chloro- 
bromiodides .... 

Com- Iodide of silver . 
posi- 
tion ‘ Bromide of silver 

in 100 Qjdoride of silver 
parts. 


In the cate of Ko. I. these temiieratures were respectively 125’6® C. and 131‘6® C. 
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the crystalline to the amorphous condition within the surrounding mass of chloride 
and bromide. Let us, for instance, consider one case, No. 3, the composition of which 
is Ag*P,AgBr,AgCl. ‘ In every 100 mols. between the temperature of 124° and 133® 
we have 58 mols. undergoing somewhat rapid contraction, while 42 are undergoing 
expansion. At the same time, other cveuta are taking place within the mass ; heat is 
disappearing as internal work, and is changing the crystalline into the amorphous 
iodide ; that is, converting an opaque, brittle,, highly crystalline body (the iodide alone 
is here spoken of, not the chlorobromiodido) tutu a transparent, plastic, denser body. 
What the precise function of the molecular motion which disappears can bo, it is 
difficult to assume, since in this case it not only changes the state of the body, but 
likewise approximates its molecules.’ 

Peroxide. When elect roly tically prepared silver peroxide is brought in contact 
with aqueous ammonia, a violent evolution of nitrogen takes place, and Berthollet’s 
fulminating silver (v. 300) is formed, but remains dissolved in the excess of ammonia. 
On evaporating a small quantity of this solution in an iron spoon, a dangerous 
explosion tikes place. When the dry and finely pulverised peroxide is moistened 
with a few drops ot oil of cloves, the oil takes tiro, and silver having the metallic 
lustre is separated (Bbttger, vi. 1396). 

Silver Slllcofluorldei Ag‘‘‘SiF^ is formed on bringing silver nitrate in contact 
with silicofluoric acid, as a greyish-white precipitate, which is decomposed oven by a 
weak solution of ammonia (8. Kern, Chem. News, xxxiii. 35). 

SZXiVSR-UXiTRAKARnri:. See Ultramauine. 

SXNZSTRZir, This name is given by p. Schmiedeberg (Ber. xii. 701) 

to a carbohydrate occurring abundantly in the squill {Urginea Scilla). In external 
appearance it closely resembles achroo-dextrin, but it is laevogyrate, and is almost 
wholly converted into lajvulose by the action of warm dilute acids. It may be obtained 
by adding lead acetate to powdered squill made into a thin paste wdth water, as long 
as a precipitate is formed, mixing the filtrate, after removal of lead, with excess of 
calcium hydrate, which precipitates the sinistrin, and decomposing the precipitate 
with carbonic anhydride, any lime remaining in the liquid being removed by careful 
addition of oxalic acid. The filtrate is then decolorised by animal charcoal, gently 
evaporated at 40®-60°, and the sinistrin precipitated by alcohol. Pure sinistrin, 
is colourless and amorphous: it dissolves in water in all proportions, and in 
presence of an alkali holds copper oxide in solution without reducing it. Its specific 
rotatory power is [o]d= — 41*4®, Saliva and diastase have no action on sinistrin, 
but warm dilute sulphuric acid completely converts it into sugar, consisting of a 
mixture of laevuloso with an optically inert variety, both of which are capable of 
fermentation, and reduce copper oxide in alkaline solution. 

The name sinistrin is also applied by (Jr. Kiihneman {Bcr. viii. 387) to a laevogyrate 
substance resembling dextrin, contained in ungerminated barley. 

BZPTZiZTE. A niobate, occurring in Amherst County, Virginia, associated with 
albanito and magnetite, and occasionally with a few large crystals of hydrous zircon. 
It appears in small irregularly shaped masses, very brittle, exhibiting small, but 
distinct conchoi'dal, and also \incven fracture. Colour, brownish-black, in thin 
splinters red-brown ; streak, light cinnamon-brown ; lustre, resinous and pseudo- 
metallic; translucent in thin splititer.s ; hardntss =* 6, nearly; sp. gr. 4*89. When 
heated before the blowpipe the mineral decrepitates and glows brilliantly, becoming 
pale greenish-yellow and opaque. Its analysis gave ; 

Nb*O®Ta’O(0 • ^0* SnO* ZrO* Eb®0’,Y*0* (*) Ce“0* 

48-66 0*16 008 209 2794 1*37 


La*0» 


WO 

MnO 

FeO 

BoO MgO 

3-92 

4-06 

3-47 

trace 

2*04 

0*62 0*05 

CaO 

Li'O 

Na»0 

KK) 

F 

H*0 

2*61 

trace 

0-16 

0-06 

trace 

3*19 » 100*48 


C) Ta>0* = 

about 2 per cent. 


(■) Y*0* = 

about 1 per cent. 


Grouping together the acid oxides of Nb, Ta, W, Sn, and Zr, reducing all the basic 
oxides present to the equivalent amounts of dyad oxides, and leaving out the water, 

V " V 

these numbers may he represented by the formula R*M*0".4R'‘*'M*0* (J. W. Mallet, 
SUL Am. J. [3], XV. 397). 

BZVM. The root of Bium latifolium contains sugar, gum, albumin, pectin, a 
colourless fragrant volatile oil, and a resin, which appears to be the poisonous con- 
stituent (A. R. Porter, Bharm. J. Trans. [3], vii. 174). N. Rogers {}hid. 433) found 
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in the root two acid rosins and an indifferent resin, from which a body was obtained 
which crystallised in colourless needles and Tolatilised without decomposition ; also 
volatile oil, starch, sugar, gum, albumin, salts of potassium, sodium, calcium, and 
magnesium, and lastly a volatile alkaloid which ho regards as pastinacine. 

SXATOlilS, C»n9N (Brieger, J?er. x. 1027; xii. 1985; Nencki, x. 1032).^ 
A crystallisablo substance, closely resembling indole, found, together with acetic, 
butyric, and isobutyric acids, and small qmintities of phenol and indole, in human 
excrements ((r/caros). It is also a product of the fermentation of albuminoids, and is 
best prepared by the fermenttition of blood-albumin with a little pancTeas and water, 
indole being formed at the same time. Skatole crystallises in irregularly dentate, 
shining plates, resembling indole, which, by frequent recrystallisation from hot water, 
can be obtained snow-white. The crystals, which have a highly disagreeable faecal 
odour, melt at 94®-96’^. Skatole is rather less soluble in water than indole, and can 
be easily distinguished from the latter by not being coloured by chlorine-water, and 
by the fact that an aqueous solution of skatole, treated with a drop of fuming nitric 
acid, gives not a red precipitate, but a white cloudiness. It is soluble in warm 
dilute nitric acid, but separates unchanged on cooling. It is decomposed when boiled 
for some time with nitric acid, giving off vapours which have the odour of nitro- 
phenol. 

Skatole forms the chief constituent of the volatile aromatic portion of human 
faeces. Tlie ftecos of dogs (whether fed on broad or on meat diet) contain no skatole, 
but only indole and a volatile yellow oil (not yet analysed), having a revolting and 
peculiarly irritating odour. The same oil is obtained by distillation from vjirious 
pathological fluids of the bunun organism. 

Skatole, wlien administe^ecl in small doses, appears to exert no deleterious action 
on the animal organism, but in larger quantities it produces tetanus, and gives rise to 
an increase of the proportion of cthylsulphates to sulphates in the urine. 

Nencki (J,pr, Chem. [2], xx. 466) regards skatole as methyl-indole, C®II®(CII*)N, 
and Ossikovsky {licr. xiii. 332) represents it by the constitutional formula : 

.N=CH 

cmK I 

An isomeride of skatole, C®H*^^^^C(CH*), called MethyUketolCy and regarded 

as the methyl-derivative of an hypothetical body, ketole, ^CII, is formed 

>^011* CO CH® 

by treating orthonitrophenyl-acctono, ’ , with ammonia and zinc-dust 

at a temperature just below the boiling point of the mixture. The nitro-compound is 
then converted into the corresponding ainido-compound, C®ir\NIT'*).CII-.CO.CH®, and 
the latter, by loss of into methyl-ketole. On distilling the product in a current 
of steam, the methyl-ketole crystallises from the distillate in colourless plates or 
needles having a strong odour like that of indole. It melts at 59°, and distils without 
decomposition at a higher temperature. It dissolves iii hot water and in hydrochloric 
acid, and the acid solution yields with platiuic chloride a crystalline double salt, and 
with picric acid a deposit of yeWowish-red needles. With nitrous acid it gives a 
yellowish, and with bleaching powder a fugitive blue coloration (A. Baeyer a. 0. R. 
Jackson, Bcr. xiii. 137). 

S&ATS. Analyses of twenty varieties of Thuringian slates from the neighbour- 
hood of Leheston, near Qrafenthal, have been published by H. Mader (Arch. Pharm. 
[3], iii. 197, 289 ; Jahresb.f. Ct^em. 1873, 1224). These slates contain no magnesia. 

The following analyses of ‘ green slate * from Reichenau in Lower Austria, traversed 
by veins of epidote and calcspar, are given by Zelluor a. Breck (Min. Mitth. 1873, 
130): 


SiO* 

A1"0" 

re*o» 

FeO 

MgO 

CaO 

Na*0 

K“0 


CO“ 


53-69 

19-96 

10-60 

3-52 

3-83 

5-18 

2-20 

0-22 

2-11 

0-70 = 

102-01 

45-59 

12-22 

12-30 

3-73 

2-82 

13-02 

3-46 

trace 

1-48 

6-05 

100-67 


Analyses by Briogel of slates and slato-clays occurring between Salzbach and 
Ottenau in the Black Borest have been published by P. Platz (Jahresb.f. Chem. 1873, 
1226). 

1. Soft brown-red micaceous slate, used for sprinking on the soil of vineyards 
2 and 3. Spherical concretions of green and brown slate-clays. 2. Nucleus. 3. Crust. 
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SiO“ A1*0» Ftf'O* P*0» CaO MgO K*0 Na*0 igxatlon 

1. 61-09 20-94 11-86 019 2*07 1-44 7*41 106 4-39 « 100 44 

CaCO* MgCO* 

2. 31-11 14-26 4-76 0-39 39*24 8-12 1*83 0*36 — - 100*07 

3. 12-60 7-70 4*20 0 17 61 10 2261 0-36 1*41 — = 100*04 

The following analysis of a red slaty clay from the Schweighof near St. Margen in 
the Black Forest of Baden is given by Vogelges^pg {Jahresh. /. Ch€m. 1873, 1226) : 
SiO» A1*0» Fo*0» CaO MgO K»0 H*0 

68 31 26-46 6 44 0*52 1*63 2*31 6*29 » 99*86 

8M13bACXV| syn. with Parillin, the Saponin of Sarsaparilla. See Saponin 
(p. 1780). 

SODAa Elaborate reports on the progress pf the soda-manufacture by Le Blanc’s 
process have been published by G. Lunge (PingL pol J. ccxxiv. 196, 318 ; Jahresh, 
f. Chem, 1877, 1146; further, ccxxxi. 266, 377,443; Chem. 8oc, J, xxxvi. 
677, 761). 

Experiments by J. Mactear {Chem. Soc. J. xxxiii. 476) on the decomposition of 
sodium sulphate by carbon in various proportions and at different temperatures have 
led to the following results : 

1. When sodium sulphate is mixed with a quantity of carbon in excess of two 
e(]|aivalents, and exposed to a temperature considerably above red heat out of contact 
with air, the sulphate is ultimately converted into monosulphide of sodium, while the 
oxygen is evolved as carbon monoxide : 

Na*SO‘ + 40 = Na*S + 4CG. 

2. When sodium sulphate and carbon, finely divided and intimately mixed, are 
exposed to a temperature of dull redness (say from 1160®-! 300'^ F.), out of contact 
with the air, a certain quantity of sodium carbonate is formed, together with an equiva- 
lent proportion of sodium bisulphide, as well as monosulphidc, while the carbon cofii 
bines with the oxygen of the sodium sulphate to form carbon monoxide and carbon 
dioxide. The amounts of carbonate and bisulphide formed vary inversely as the 
temperature, while the amount of sulphate decomposed varies directly as the tempera- 
ture. The reaction which is most in accordance with these experiments is : 

3Na«SO< + 60 = Na*CO* + Na^S'^ + Na^S + 400* + CO. 

Any excess of carbon acts apparently in the first instance on the CO*, reducing it to 
CO, and finally on the Na*00* + Na*S*, producing Na*S+ CO. 

The decomposition of potassium sulphate by carbon takes place at lower tem- 
perature, but the decomposition is of the same character as in the case of sodium 
sulphate, the products consisting of carbonate and bisulphide of potassium. 

The following process for the manufacture of ctirbonate and other salts of sodium 
is described by Weldon {Chem. Cenvtr. 1878, 109). Sodium sulphate is melted in a 
Siemens’ regeneration furnace, and poured on to the requisite amount of red-hot coal 
contained in a revolving furnace, the inside of which is protected from the action of 
the molten sodium sulphide by a thick layer of compressed magnesia, coke, or graphite. 
The carbon dioxide set free during the process is collected in gasometers, and used in 
the manufacture of sodium bicarbonate. The sodium sulphide is converted into 
caustic soda by the action of superheated steam. Silicate and phosphate of soda are 
made by heating a mixture of the sulphide with sifica, or with aluminium phosphate, 
in a current of superheated steam. 

Sodium bicarbonate separates out when carbonic acid is passed into a cold solution 
containing 12*20 per cent, of sodium sulphide. The monocarbonate is obtained by 
calcining the bicarbonate. 

On the recovery of ^Iphur from Soda-waste, see Kraushaer {Pinal, pol. J. ccxxvi. 
412; Jahresh.f. Chem. 1877, 1148; Chem. Soc. J. xxxiv. 171). 

On the action of Manganous Chloride at high temperatures on S?da-waste, see 
Watson Smith {Chem. News^ xxxvi. 113). 

F. Fischer {Ber. ix. 1668) has examined the gases given off from the furnaces in 
Leblanc’s soda-process, and finds them to contain, on the average, 16 per cent, carbon 
dioxide, 6-1 0 oxygen, and 77-79 nitrogen, but no carbon monoxide. The temperature of 
the melted mass, taken with a Siemens’ pyrometer, was found to vary from 713®-792®. 

Ammonlft-aoda Process*^ This process consists in decomposing a solution of 
sodium chloride with ammonium bicarbonate, whereby sodium carbonate and ammonium 
chloride are produced. The sodium bicarbonate is obtained as a precipitate which is 
dried and converted by heat into monocarbo'nate, and the ammonium chloride is 
heated with caustic lime, the ammonia thereby set free being mixed with the carbon 
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dioxide produced by heating the sodium bicarbonate, and thereby reconverted into 
ammonium bicarbonate, to be used fur the decomposition of fresh quantities of sodium 
chloride^ The advantages of this process are : the direct transformation of sodium 
chloride into carbonate; the non-precipitation of other metals from the mother- 
liquors ; the absolute freedom of the product from sulphur-compounds ; the simplicity **• 
of the plant ; the small nmoont of fuel and labour required ; and the absence of 
noxious gases (R. Wagner, Dingl. poL.J. ccix. 282). Nevertheless, the process, when 
tried on the manufacturing scale, prcs^-nted so many difficulties, that its prospect of 
success appeared but small till certain valuable improvements were introduced by 
£. Solway. The chief difficulties consisted in the loss of ammonia in consequence of 
imperfect absorption, and the production of large quantities of useless calcium chloride 
in the decomposition of tho ammonium chloride by lime. The loss of ammonia has 
boon prevented to a great extent by passing the mixture of carbon dioxide and 
ammonia-uas through a vertical cylinder from So-60 ft. high, provided with a number 
of false bottoms, through which the solution of sodium chloride trickles downwards, 
and is thi'S brought well in contact with the upward-moving gases. The sodium 
bicarbonate separates in tho form of a powder which remains on the false bottoms, 
and is from time to time collected, dried, and converted into monocarbonate as above 
mentioned To avoid the production of calcium chloride, for which there is scarcely 
any use, the decomposition of the ammonium chloride is effected with magnesia, the 
resulting solution of magnesium chloride being evaporated, and tho residue ignited, 
whereby hydrochloric acid is evolved, which may be condensed in towers, and magnesia 
is obtained, which may bo used again in the process (Weldon, Ber. viii. 782). 

Another difficulty experien -cd in the process arises from a reverse action, by which, 
under certain circumstances;, «iodium bicarbonate and ammonium chloride reproduce 
ammonium bicarbonate and sodium chloride. This, however, may bo obviated by due 
attention to tho temperature and concentration of the solutions. According to Giins- 
l)erg vii. 644), tho proportions of common salt, ammonia, and water should be 
so* regulated that, after the precipitation of the sodium bicarbonate, there should 
remain a saturated solution of ammonium chloride, containing only a very small 
quantity of sodium bicarbonate. 100 pts. of a solution of sal-ammoniac saturated at 
17® (26*89 p. c.) can dissolve, at ordinary pressure and temperature, 6*742 pts. sodium 
bicarbonate. According to Honigmann {JMngh pol, J. ccxii. 607), when carbon dioxide 
is passed into a saturated solution of equivalent quantities of common salt and 
ammonium carbonate, a mixture of 94 per cent, sodium bicarbonate and 6 per cent, 
ammonium bicarbonate is precipitated, whilst the liquid conUiins 12 per cent, sodium 
chloride and 4 per cent, ammonium bicarbonate, together with 20 per cent, sal- 
ammoniac. The smaller the quantity of common salt in solution, the greater is the 
quantity of ammonium bicarbonate precipitated. For these reasons Honigmann 
suggests tho use of an excess of common salt, viz. 1*6 mol. NaOl to 1 mol. ammonium 
carbonate. 

On the Utilisation of Q-as-liquors in the Ammonia-soda process, see Gcrlach 
(Dingl. pol. J. ccxxiii. 82 ; Chem. Soc. J. xxzii. 236). 

The following direct methods of preparing sodium carbonate from the chloride 
have also been proposed. 

C. Bohlig (IHngl. pol. J. ccxxiv. 621) heats magnesium oxalate with equivalent 
quantities of hydrochloric acid and common salt, whereby acid sodium oxalate is pre- 
cipitated and magnesium chloride dissolved. The acid sodium oxalate, after washing 
with water, is mixed by agitatiod in an air-tight barrel with an equivalent quantity 
of magnesium carbonate and water, whereupon, after the pressure has risen for a 
time to 2 atmospheres, a concentrated solution of sodium bicarbonate is produced, 
together with a precipitate of magnesium oxalate. On separating this precipitate and 
boiling the solution of sodium bicarbonate with magnesia (obtained from the solution 
of magnesium chloride above mentioned), sodium monocarboiiate is produced, together 
with magnesium carbonate, which may bo useil over again. The acid solution of 
magnesium chloride obtained by the first process is evaporated down, the residue 
heatsd to redness in a reverberatory furnace, tho magnesia thereby produced is em- 
ployed in tho second process, and tho undecomposed magnesium chloride is extracted 
with water, and converted into carbonate by means of tho fire-gases from a coke 
furnace. The oxalic acid required for the process is obtained by the action of boiling 
potash-ley of 36° B. on deal shavings. 

A similar process may be employed for the preparation of potassium carbonate 
from potassium chloride. 

Gruneberg a. Foster (Dingl. pol. J. ccxxi. 93) suggest the preparation of sodium 
carbonate from common salt by means of alumina. The salt is mixed with alumina 
and water to a pulp, and the mass is dried, broken into small pieces, and subjected to 
the action of overheated steam. Hydrochloric acid then escapes, and sodium aluminate 
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remains, which may be purified by lixiviation, and decomposed either with carbonic 
acid for the preparation of somum carbonate, or with lime for the preparation of 
caustic soda. The alumina may be replaced by ferric oxide or other metallt| oxides. 
The process is said to be applicable also to the preparation of potassium carbonate 
and hydrate from potassium chloride. 

On the preparation of sodium carbonate from the nitrate (Chili saltpetre), see 
Siebel {Ber. vii. 1786 ; Chem, Soc, J. xxviii. 670), and Lieber {Ber, viii. 49; Chcm, 
Soe. J. xxviii. 671). , 

SOBAKZTS. An analysis by Fleischer of this mineral from the sodalite-syenite 
(ditroite) of the Ditro range, is published by G. vom Rath (Jakrb.f, Min. 1876, 774); 

Cl SiO* A1»0» CaO K*0 Na“0 Na H“0 

608 38*66 32*81 0*95 1*04 13*28 3*93 2*36 = 99*11 

SODZVM. Occurrence in Blante.^kn examination by Contejean {Compt, rend. 
Ixxxvi. 1161) of about 600 species of plants by means of the gas blowpipe, has led to 
the following conclusions. More than three-fourths of terrestrial (non -maritime) 
plants contain sodium. The sodium is contained in largest quantity in the under- 
ground parts of the plants, and the quantity decreases in the higher parts, so that the 
flowers, the upper part of the stem, and upper leaves contain little or none, whilst 
the base of the stem, the lower leaves, and the root contain a notable quantity. 
Aquatic plants contain sodium in all their submerged parts in nearly equal proportion, 
whilst the parts above the surface of thp Wiiter follow the same law as in land plants. 
Plants growing in wet places and in marshes; &c., are richer in sodium than plants 
growing on dry land, especially in their subterranean parts. 

From experiments by Dih^rain {Ckem. Centr. 1878^783), it appears that beans 
grown in water containing sodium chloride alone in solution assimilate the salt in 
small quantities, but that if other salts are.prcsont in the water, sodium chloride is 
taken up only when its proportion is large compared with that of the other salts. 
The other salts employed were calcium and potassium nitrates. Beans grown lin 
water containing 1 gram of each of the three salts showed no trace of sodium in their 
ashes ; if, however, the proportion of sodium chloride was raised to 4 grams, a small 
quantity was assimilated. In such a solution the plants lived several days, whereas 
in one which contained 4 grams of sodium chloride only, the assimilation of that stilt 
was rtipid, but the plants very soon died. Soda is taken up from the ground by 
beans, only when its proportion to the other salts is large, and hence the absence of 
soda in the ash of the plant does not necessarily prove that the soil in which it was 
grown was free from soda, but may arise from the soda being mixed with sufficient 
quantities of other salts. 

The laws of diffusion offer no explanation of the fact that sodium chloride is more 
readily assimilated in the absence of other salts. When beans which had begun to 
germinate wore placed in salt water, they frequently removed more salt than water ; 
Bdhm had shown that distilled water cannot support their growth, but that water 
containing calcium salts readily does so : hence it may be inferred that the germ- 
inating beans assimilate by preference calcium and potiissium salts, and take up 
sodium chloride only when the calcium and potassium salts are absent, or are de- 
ficient in quantity relatively to the sodium chloride. 

All the above facts support the opinion that soda is useless, if not hurtful to most 
plants. The roots of land plants and the submerged parts of aquatic plants absorb 
soda without selection, and it is but partially transferred to the upper parts. The 
proportion of soda in all aquatic plants is also found to bo practicrally the same. In 
maritime phints, even though soda is present in largo quantity in most parts, the 
fiower is never found to contain the smallest trace of this substance. 

Preservation of Sodium with bright Metallic Surface. — For this purpose, R. Bott- 
ger {Ber. vii. 1536) places the metal in a basin containing alcohol till it acquires a 
perfectly bright surface, then quickly transfers it to a second basin conUiining 
chemically pure petrbloum-ethcr, and finally to a third containing a saturated solution 
of chemically pure naphthalene in petroleum-ether. In this last solution the sodium 
remains unaltered. 

Cblorlde* This compound separates on cooling from solution in hot hydrochloric 
add in needle-shaped hydrated crystals, which contain 94*5 per cent. NaCl, and 6*48 
H*0, and appear to change after some time into the ordinary crystals of the anhydrous 
salt (B. Bevan, Chem. News, xxxv. 17). 

According to S. Cabot {Ainer. Chemist, v. 443), heated sodium chloride is decom- 
posed by the action of air and water-vapour, as shown by the equation H^O + 2NaCl~ 
2HCUNa*0. 

£. Ghevreul (Compt. rend, Ixxxv. 493) finds that a solution of the chlorides of 



SOLANINE— SORBIC AOH). ^ 1807 

sodium and ammonium containing not more than 1 moL NH^Gl to 1 mol. NaCl, yields 
on evaporation crystals of a double chloride, but that a' mixed solution containing any 
larger p||portion of ammonium chloride yields crystals of the latter only. A solution 
of the cmorides of potassium and ammonium, on the other hand, yields crystals of a 
double salt, 'whicbover of the two salts may be in excess. 

PerozldOf Na*0®. This compound is easily obtained by adding to a solution of 
sodium hydroxide of about 20 per cent.* a solution of 5 per cent, hydrogen dioxide, and 
then a moderate excess of 80 per ceift. alcohol. A crystalline precipitate is then 
rapidly deposited, consisting of hydrated sodium peroxide, which must bo quickly 
separated from the liquid. The crystals, which are transparent flexible plates like 
mica, having a fine nacreous lustre and often of considerable size, have the composition 
Na*0*+8H*0, and are identical with those which Hnreourt obtained (v. 340) by 
spontaneous evaporation of an aqueous solution of sodium dioxide. When heated 
they give off 7 mols. H-0 and 1 at. 0, and are converted into sodium hydroxide. In 
preparing them, care must be taken to keep the sodium hydroxide in excess, since an 
excess of hydrogen dioxide often completely prevents their formation (T. Fairley, 
C'Am. 8oc, J. xxxi. 125). 

Sodium Monosulphldef Na^S, is produced when a rapid stream of hydrogen 
sulphide is passed over fused sodium chloride : 2NaCl + U-S = Na'-'S + 2HC1 (Kingzett, 
Chem, News, xxvii. 25). 

On the Thermochemistry of the Sulphides of Sodium, see Sabatier {Cornet, rend, 
Ixxxix. 43 ,* Chem. Soo. J. xxxvi. 865). 

SO&AIVXIVE. This base has been represented by various formulm. Zwenger a. 
Kind's analyses lead to the ibl-ra'da (v. 346); according to Kletzinsky 

(vi. 1030) it is A. Hilger (Liebig's Annalen, cxcv. 317) from recent 

analyses assigns to it the formula C‘‘4l*'NO‘*, and to solanidine, obtained from it by 
boiling with dilute acids, the formula but it is not easy to see how a com- 

pound of this latter formula can be formed, together with glucose, from solariino con- 
taining 42 atoms of carbon. Hilger finds that solanine, when thus decomposed, yields 
35’7 to 36 per cent, glucose, whereas Zwenger a. Kind’s equation (v. 317) requires 04 
percent. The subject evidently requires further examination. Both solanine and 
solanidine yield mouoacetyl-dorivatives (Hilger). 

SOXrOMAZTfi. A sulphate of aluminium and magnesium from the Goyser- 
springs of Sonoma County, California. It is colourless, with a silky lustre, and has a 
density of 1 '604. The following analyses have been made of it, leading to tho formula 
2MgS0^AF(S0^)^33^20: 


so* 

A1®0* 

FeO 

MgO 

H»0 


38-78 

7-66 

201 

7-14 

44*41 

= 100 

38*30 

8*36 

1-56 

7*61 

44-27 

= 100 


(E. Goldsmith, Zeitschr. Kryst, i. 380). 

SOPBORZIVE. An alkaloid obtained from the pods of Sophora speciosa. It is 
liquid, and forms a stable chloride, which crystallises readily, and gives a deep red 
colour with ferric chloride. The base appears to be poisonous (U. 0. Wood, Nharm, 
J, Trans. [3], viii. 1047). 

SOXtBZC ACZD, The tetrabromide of this acid, C®H*Br^O®, obtained 

by Barringer a. Fittig (vii. 1091), has been further examined by Kachel a. Fittig 
(Liebig's Annaien, clxviii. 270), who prepare it by mixing sorbic aciil with about ten 
times its weight of carbon sulphide, and gradually adding the calculated quantity of 
bromine. Traces only of Iiydrobromic acid are tlien evolved, and the liquid, on stand- 
ing for a day or two, deposits the tetrabromide in large well-formed crystals ex- 
hibiting the properties already described, or sometimes in geodes of opaque needles. 

Sorbic tetrabromide, or tetrabromocaproic acid, forms well-defined 
salts- The sodium sedt^ C®H’Br^O*Na,2H*0, forms magnificent silvery scales, easily 
soluble in water and in alcohol, but quite insoluble in a concentrated solution of 
sodium carbonate. The poiassitm salt ie very soluble and difficult to obtain pure. 
It is not precipitated by the addition of potassium carbonate to its solution. Tho 
ammonium salt separates in fine needles from the solution of the tetrabromide in 
excess of ammonia. The barium salt, (C®H’Br^O*)*Ba,UI1^0, may bo formed by mix- 
ing barium chloride and the sodium salt. The calcium salt, (C®H'Br^0'‘*)'^Ca,7H20, 
obtained in a similar manner, crystallises with great facility in fine large silvery 
scales. It is much less soluble in cold water than the barium salt, and makes its 
appearance even in somewhat dilute solutions. Tho zinc salt is similar in appearance 
to the barium salt. 
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These salts gte decomposed by boiling ^th water, reproducing the tetrabromide, 
which separates in the form of a liquid afterwards becoming crystalline. A portion 
of the salt, however, under^es further decomposition, and the hydrobrfeic acid 
liberated assists the separation of the tetrabromide, forming at the saml time a 
corresponding quantity of sodium bromide. 

When sodium hydrate or carbonate is added for the purpose of neutralising this 
hydrobromic acid as fast as it is generated, resinous products only are obtained ; but, on 
substituting barium carbonate for the alkaline salt, a volatile highly irritating com* 
pound, probably acrolein, is produced, giving with ammoniacal nitrate of silver a 
reddish precipitate which deposits metallic silver on application of heat. The residue 
contains a small quantity of brown resinous matter, bnt no organic acid. 

Sorbic Dibromide or Dibromhpdrosorhic acid, C^H^Br^O®, is prepared 
like the tetnibromide, using however only one instead of two molecules of bromine, and 
remains, after the carbon sulphide has been removed by distillation, as a thick yellow 
oil, which gradually solidifies in a crystalline mass, to be purified by pressure and 
rocrystallisation from petroleum-benzin. The dibromide thus prepared forms small 
shining crystalline laminae melting at 90°-96®, easily soluble in alcohol, ether, and 
petroleum-benzin, less soluble in boiling water. It forms easily decomposible salts. 
Its alcoholic solution, mixed with alcoholic potash, yields a precipitate of potassium 
bromide. 

Bydrosorbio aold, C«H»«02=CH».CmCH*.CH=:CH.C00H, metameric with 
ethyl-crotonic and pyroterebic acids, is formed by the action of water and sodium- 
amalgam on sorbic acid and on the tetrabromide (vii. 1091). When fused with 
potash, it is resolved, with evolution of hydrogen, into a(^etic and normal butyric acid, 
whereby it is distinguished from pyroterebic acid, which when similarly treated yields 
acetic and isobutyric acids. From ethyl-crotonic acid, which likewise yields normal 
butyric acid, it is distinguished by its physical properties, being liquid at ordinary 
temperatures? and not solidifying at —18®, whereas ethyl-crotonic acid is solid* at 
ordinary temperatures, and melts at 41*5®. The formulse of the three isomeric acids, 
and their modes of decomposition by melting alkalis, are represented by the following 
equations : 

CH* CH*CH*CH=CH.CO*H + 2H*0 - CH».CH*.CH*.CO*H + CH*.CO*H + H* 

Hydrosoibic acid. Butyric acid. 

CH*.CH=C<;Qo’i^®’ 4- 2H*0 = CH*OH*CH«CO>H + CH»CO»H + H» 

Ethyl-crotonic acid. Butyric acid. 

(CH>)*CH.CH— CH.CO*H + 2H*0 « (CH»)*.CH.CO»H + CH».CO*H + H* 

Pyroterebic add. Isobutyric acid. 

Action of Hydrobromic Acid on Sorbic and Hydrosorhic Adda (C. Stahl, Ber. ix. 
120). Pulverised sorbic acid agitated with fuming hydrobromic acid dissolves com- 
pletely, forming a clear liquid, and after a few hours there rises to the surface en oil 
which, after several days’ standing and frequent agitation, sinks to the bottom and 
solidifies. The solution then yields well-defined nearly colourless crysbils of d i hr om- 
hexoic or dibromocaproic acid, C®H*®J3r*0''', which dissolves very easily in 
carbon sulphide, and by recrystallisation therefrom may bo obtained pure and in 
colourless crystals. It melts at 68®, dissolves b?it very slightly in water, oven at 
the boiling heat, and separates on cooling from a hot saturated solution as an 
oil which solidifies on addition of a trace of the solid acid. The acid is decomposed 
by prolonged boiling with water. 

Hydrosorhic acid dissolves immediately in fuming hydrobromic acid, forming a 
clear solution, and after a short time an oily layer collects on the surface, its separa- 
tion being complete in about three hours. This oil, after washing with water and 
drying over sulphuric acid, is nearly colourless, and consists of pure monobrorao- 
caproicacid, C^H^BrO*. This acid does not solidify at — 18®. It dissolves readily 
in dilute soda-ley, and the solution, if immediately treated with an acid, yields the 
brom(jcaproic acid unaltered ; but after some hours acids separate nothing from it, 
and the acidified liquid yields on distillation, not bromocaproic, but hydrosorhic acid. 
From this cause also it yields, when treated with sodium-amalgam, not caproic but 
hydrosorhic acid (Stahl). 

I^^terebic acid, which is isomeric with hydrosorhic acid, does not unite with 
hydrobromic acid either at ordinary temperatures or when heated with it in sealed 
tubes (Fittig, Ber, ix. 1198). 

SOBBZDIir, A neutral crystallisable substance occurring, together 

with usnic acid and zeorin, C**H”0, in the lichen Zeora aordida (sec Zkoea). 
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8PBOTXA& AlTAXiTSn. I. Emission Speotba. a. Bpeotra of Metal- 
loSdo. Nitrogen.’-^Jn the last Supplement to this Dictionary some experiments of 
Schuster vere mentioned, which teudcd to prove that the ba* d-spectrum of nitrogen 
was due ® an oxide. This idea was controverted by Salet (Compt. rend, Ixxxii. 665), 
who showed that nitrogen can be heated in contact with sodium or potassium, and yet 
give the spectrum in question. There is no reason now to doubt that the spectrum is 
really due to pure nitrogen. 

Oxygen, — The spectrum of this clement has recontly been examined by Schuster 
(PM. Trans, clxx. 1879, 37). Four spectra are distinguished. 

1. The Elementary lAnespectrum. — ^This is the spectrum which appears at the 
highest temperature to which we can subject oxygen ; that is, whenever the jar 
and air-break are introduced into the electric circuit. It consists of a great number 
of lines, especially in the more refrangible part of the spectrum. It has been called 
elementary line-spectrum to distinguish it from the other lino-spectrum, because, ac- 
cording to one hypothesis which has been suggested to explain the variability of 
spectra, the molecule which gives this spectrum is in a simpler or more elementary 
state than that which gives the other so-called compound lino-spectrum. We may, 
however, adopt the nomenclature independently of any hypothesis that may have 
suggested it. 

2. The Compound Line-spectrum. — ^This spectrum appear.^ at lower temporaturcs 
than the first. It consist of four lines: one in tho red, two in the green, and 
one in the blue. With the exception of tho blue line, all tho lines in this spectrum 
widen very easily, and with an increase of pressure, more easily even than the hydrogen 
lines. They do not widen out equally on both sides, but more towards the red than 
towards the violet. This fact^s especially noticeable in the more refrangible of the 
two green lines. The blue liui) always remains sharp. 

3. The Continuous Spectrwn of Oxygon?— spectrum appears at tho lowest 
temperature at which oxygen is luminous. Tlie wide part of a Pliicker tube, filled 
with ‘pure oxygen, generally shines with a faint yellow light, which gives a con^ 
timioufl spectrum. Slven at atmospheric pressure this continuous spectrum can be 
©btained by putting the contact-breaker of the induction-coil out of adjustment, so 
that tho spark is weakened. According to Bocquerel, an excess of oxygen in tho oxy- 
hydrogon flame produces a yellow colour, which is very likely duo to this continuous 
.spectrum. The continuous background which often accompanies the elementary line- 
spectrum must not be confounded with this spectrum. 

The Spectrum of the Negative Glow. — ^This spectrum, which was first accurately , 
described by Wullner, is always seen in tho glow surrounding the negative electrode 
in oxygon. It consists of five bands : throe in the red, and two in the green. The 
least refrangible of the red bands is so weak that it easily escape.s observation ; tho 
two other rod bands are rather near together, and may be taken for one single band, 
if tho dispersion applied is small. The two green bauds, which appear of tho siime 
brightness throughout, with pretty sharply defined edges, are resolved into a series of 
lines, when looked at with high optical powers. 

Tho following description of the appesirance of a vacuum-tube filled with pure 
oxygen, as it undergoes gradual exhaustion, will give an idea of tho way in which tho 
spectra of oxygen gradually difiuso into each other : 

At first the spark has a yellow colour, and the spectrum is perfectly continuous. 
Almost immediately, however, four lines are seen in the capillary p:irt above the con- 
tinuous spectrum. One of these lines is in the red, two are in the green, and one is 
in the blue. The discharge still passes as a narrow spark throughout tho length of 
the tube. In the wide part tho spectrum remains continuous, and it extends more 
towards the red and blue than in the capillary part. It seems as if the four linos had 
taken away part of the energy of tho continuous spectrum. As tho pressure diminishes, 
these lines increase considerably in strength, the spark spreads out in the wide part 
of the tube, and the intensity of the continuous spectrum is therefore considerably 
diminished, while it still forms a prominent part in tho spectrum of the capillary 
part, when the pressure is small, the continuous spectrum decreases in intensity. 
At the same time, tho negative glow, with its own characteristic spectrum, gradually 
extends through the negative half of the tube into tho capillary part. The continuous 
spectrum has now entirely disappoarpd, and the bands of the negative pole and the 
four lines stand out on a perfectly black background. It is under these conditions 
that the change from the compound line-spectrum to the elementary line-spectrum is 
best studied. The mere insertion of the Leyden jar makes hardly any difference ; 
the jar does not seem to be charged at all. If, in addition to the jar, we insert 
a movable air-break, which can be opened or closed at will, while we look through 
the spectroscope, wo shall be able to see alternately two perfectly distinct spectra. If 
VoL. VIU. 6 A 
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the air-break Inclosed, the four lines of the compound-speetza only are seen ; if the 
air-break is opehed, these four lines will disappear entirely, and the elementary line-*, 
spectrum will come out. We have here as completo a transformation as we have ' 
from the band to the line-spectrum of nitrogen, tedcing place under exactly the same 
circumstances {PhU, Trans, clxx. 51). 

Carbon.— The spectrum which is seen at the base of every candle-flame has lately 
given rise to a good deal of discussion. Attfleld, Morren, Dibbits, Wiillner, W. M. Watts, 
and others had come to the conclusion that the spectrum was due to carbon and not 
to any hydrocarbon. Dibbits had furnished an answer to the theoretical difficulty 
that the spectrum of carbon should appear at so low a temperature. Before combus- 
tion, the carbon is combined with hydrogen ; after combustion, it is combined with 
oxygen. It must therefore have existed during a certain stage of transition in the 
form of simple carbon uncombined. During this stage of transition it gives us the carbon- 
spectrum. In the year 1875, after Angstrom’s death, Thalin published a paper in 
which he describes some experiments jointly made with Angstrom {Nov, Act. Ups. ix.) 
In consequence of those experiments, the authors expressed the opinion that the 
candle-spectrum was due to a hydrocarbon. The experiments which they gave in 
support of their view were made by taking the spark of carbon-electrodes in various 
gases, and examining the spectra of the ‘ aur6ole * or ‘ glory ’ as it might be called. 
If the spark is taken in oxygen, the undoubted spectrum of carbonic oxide appears ; 
in hydrogen the candle-spectrum is seen ; and in nitrogen some blue and violet bands 
are added to the candle-spectrum, which appear to be due to a compound of carbon 
and nitrogen. As it is known that acetylene is formed when the spark is taken in 
hydrogen, Angstrom a. Thal^n conclude that the spectrum seen in the ' glory ’ is due 
to acetylene. * 

Recently liiveing a. Dewar have supported Angstrom’s view {Proc. Boy. 8oc. xxx. 
152). They sum up that part of their work which relates to the candle-spectrum as 
follows : 

In the next place, the green and blue bands, characteristic of the hydroefirbon 
flame, are well seen when the arc is tiiken in hydrogen ; but, though less strong when 
the arc is taken in nitrogen or in chlorine, they seem to be always present in the arc 
whatever the atmosphere. This is what we should expect, if they bo due, as Angstrom 
a. ThaUn suppose, to acetylene ; for we have found that the carbon-electrodes always 
contain, even when they have been long treated in chlorine, a notable quantity of 
hydrogen. In the flames of carbon-compounds they by no means always appear ; 
indeed, it is only in those of hydrocarbons or their derivatives that they are well seen. 
Carbonic oxide and carbon disulphide, even when mixed with hydrogen, do not 
show them; and if seen in the flames of cyanogen, hydrocyanic acid, and carbon 
tetrachloride mixed with hydrogen, they are faint, and do not form a principal or 
prominent part of the spectrum. This is all consistent with the supposition of Ang- 
strom a. Thaldn. 

Lockyer (Proc. Boy. Soc, xxx. ,335) describes an experiment in which the bands in 
question wore seen when the spark was taken in carbon tetrachloride, although no 
lines of hydrogen were visible. Those who believe the spectrum to be due to the 
element carbon rely chiefly on the brilliancy with which its bands are developed when 
cyanogen is burnt in oxygen ; also when the spark is taken in cyanogen, carbon totra- 
(diloride, and carbonic oxide at high pressure, all the gases being dried with the 
greatest care. Those who oppose this view, and who hold that the spectrum is due 
to a hydrocarbon, refer to the impossibility of excluding all traces of moisture, and to 
the fact that this spectrum is well developed under circumstances where we know 
hydrocarbons to be present. 

Compounds of Carbon and Nitrogen . — A cyanogen flame shows, besides its own 
characteristic red and yellow bands, a series of flutings in the blue, violet, and ultra- 
violet. These bands have until recently been ascribed to carbon, as they were ob- 
served in carbon compounds not containing nitrogen, but according to experiments of 
Liveing a. Dewar (Ptoc. Boy. Soc, xxx. 494), they can in those cases always be traced 
to impurities containing nitrogen. Thus, according to Watts, the bands seen 
when a spark is taken in carbonic oxide at the atmospheric pressure. According to 
Liveing a. Dewar this is true, if the carbonic oxide has been prepared from ferrocyanide 
of potassium. When, however, the gas was made by the action of sulphuric acid on 
dried formate of sodium, a faint trace of one of the bands only could be detected. 
When the gas was prepared by heating a mixture of quicklime with pure and dry 
potassium oxalate, no trace whatever of the bands in question appeared Similarly, 
Watts a. Lockyer had observed the bands in a tube containing carbon tetrachloride, 
but, according to Liveing a. Dewar, these bands no not appear when the tetrachloride 
has been well purified, and when all traces of air have been expelled from the tube. 
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Chlorine, Bromine, Iodine , — Ciamician Ber, p], Ixzviii. 872) has 

given an account of the successive changes which the spectra oi these bodies undergo 
when the pressure is either greatly reduced or increased. Lines which are visible at 
one pressure disappear altogether, and are replaced by others when the pressure is 
changed. 

h. Spectra of Metals. A most important contribution to our knowledge of the 
spectra of metals has appeared in Locoq de Boisbaudran’s * Spectres lumineux’ 
(Gauthier Villars, 1874). Lecoq de Boisbaudrau has mapped the spectra of most 
metals as they appear when a spark is taken from a solution of the metallic salts. 
Not only is this method of great convenience to the chemist, who can generally obtain 
without difficulty a solution of the substance he wishes to examine, but it enables us 
also to observe metallic spectra at much lower 'temperatures than when the solid 
metal is used as pole ; for a spark which is not sufficient to volatilise the metal will 
give a spectrum when taken from a metallic solution. We may also mention Rand 
Capron’s * Photographed Spectra,' a series of photographs of metallic, gaseous and 
other spectra, taken generally for each metal both with the arc and spark. 

Bunsen (Bogg, Ann. civ. 306-384) has described the methods employed by him to 
detect erbium, yttrium, cerium, lanthanum, and didyrnium by means of their spectra. 
His paper is accompanied by plates giving the spectra obtained when a spark is taken 
from the chlorides of these elements. 

Tbal^n {K. VetnisJc. Akad. HandL xii. No. 4) has also examined the spectra 
obtained from the clilorides of yttrium, erbium, lanthanum, and didyrnium, and given 
a list of their lines in wave-lengths. 

During the year 1879, Nilsc. if announced the discovery of a now metal, ‘scandium.’ 
Thalin has examined tho sp'oetrum of this metal, and found that it contained many 
characteristic lines. His final measurements will bo found in the Com^tes roidus 
(xci. 1880, 45). See Yttrium Metals. 

It was explained in the last Supplement how Lockyer could, by means of his 
method of long and short linos, eliminate for each metal all lines duo to impurities. 
An element present as an impurity made itself apparent by its longest lines, and hence 
it was assumed that, whenever the long lines of an element were present, they were 
due to an impurity. In his subseciuont investigations, Lockyer (Proc. Roy. Soc. xxviii. 
1878, 159) found that after tho impurities had been eliminated by this method, there 
was still a large number of coincidences left between tho lines of different metals. It 
was argued that the hypothesis that identical lines in different spectra are duo to 
impurities is no longer sufficient to account for tho fact, that therefore an additional 
hypothesis is needed, and that once we accept this additional hypothesis, even some 
of the long-line coincidences would find a better explanation by the now hypothesis. 
Tho new hypothesis Lockyer bases on the assumption that the elements are not simple 
bodies. Evidence is adduced that in tho hottest stars hydrogen alone is present ; that 
magnesium, sodium, calcium come in during the next stage ; and that only when tho 
temperature of the star has reached that of our sun, iron and tho heavier metals are 
observed. If we assume the reason for these facts to be that part of the lighter 
elements enter into combination together to form tho heavier metals, we should explain 
tho short-lino coincidences. Lockyer supports his views by the behaviour of some 
metals when exposed to different temperatures. Thus calcium (iVw. Roy. Soc. xxiii. 
1876, 352) in the flame or in a very ^eak spark shows only the blue line. In the arc 
tho two violet lines (H and K) make their appearance. As tho power of the arc or 
spark is increased, tho violet lines gfiin relatively in strength, and finally tho blue 
line disappears altogether. Tho spectrum of iron behaves in a remarkable way ; tho 
relative intensity of the lines varying much according to circumstances. In solar 
storms weak iron lines are often seen, while some of tho strong ones appear much 
more seldom. In two subsequent papers, Lockyer {ibid. 1878; xxix. 1879, 247) 
follows out the solar evidence, discussing the lines seen by Young in tho solar chromo- 
sphere. Maps are given, showing for each line the frequency with which it has been 
seen by Young and the intensity as given by Thal^n. The two quantities, as it appears, 
are by no means identical. The question is discussed whether tho lines most often 
seen in solar storms and in spots are those which are common to two or more metals, 

• and Lockyer concludes that they are. 

Some remarkable phenomena are mentioned by Lockyer in a further communica- 
tion to the Royal Society (Broc. Roy. Soc. xxix. 1879, 266). A spark is passed through 
a vacuum tube ; below one electrode a piece of sodium is gradually heated. At first 
a yellow glow is seen between the electrode and tbo metal, tho glow giving the yellow 
sodium lino. As a greater quantity of sodium-vapour is volatilised, the yellow glow' 
rises, and a brilliant leaf-green glow now adjoins the metal. The leaf-green glow 

6 a2 
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gives the red and green lines of sodium without the yellow lines. In a similar waji 
the yellow-green lines of potassium could be seen without the red. 

c. Spectra of Compound Bodies* An important communication on the 
spectrum of the flame of hydrogen was sent on Juno 16, 1880, to the Royal Society by 
Mr. lluggiiis {Proc, Rcy, Soc. xxx. 1880, 576). Photographs of the spectrum given 
by a non-luminoiis flame of hydrogen showed ii strong series of bands in the ultra- 
violet lying between wave-lengths 3062 and §276. This spectrum is in all probability 
a spectrum of water. The spectrum was also found to be present in the blue cone of 
an ordinary blowpipe flame. Liveing a. Dewar {ibid, xzx. 1880, 580) independently 
discovered the same spectrum, and found it to be present when a spark was taken in 
moist gases. 

In the year 1878, Liveing a. Dewar {Und. xxviii. 368, 474) mentioned that a spark 
taken between magnesium poles in hydrogen showed some lines which were not present 
when the spark was taken in an atmosphere of nitrogen or carbonic oxide ; they 
ascribe the spectrum to a combination of hydrogen and magnesium. Their first com 
muniofitioii loft, it rather doubtful whether the line was not simply due to the lower 
temperature of the sp.'irk in hydrogen, but the more detailed account of their experi- 
ments {ibid. XXX. 1880, 93) loaves no I'easonable doubt that the presence of hydrogen 
is necessary to the formation of this spectrum. 

Liveing a. Dew’ar {ibid, xxviii. 1879, 352) discovered a band 5700 to 5176 which 
seems to bo due to a compound of potassium and carbonic oxide. 

The Proceedings of the Cambridge Philosophical Society (iii, 96) contains a drawing 
of t he spectrum of calcium fluoride obtained when a fluor moistened with hydrochloric 
acid is heated in the flame of u lluuscn burner. Th^^drawing diflfers somewhat from 
that given of the same spectrum by Mitscherlich {Phil. Trans, clxvii. 1876, 207). 

As regards some theoretical questioys, especially with regard to the formation of 
double spectra, we must refer to two papers by E. Wiedemann ( Wied. Ann. v. 600 ; viii. 
202), who has described in the latter pjiper some experiments made for the purpose of 
deciding whether heat is absorbed or given out the moment a gas changes its spectrum. 
In the case of hydrogen it was indeed found that an absorption of heat took place 
when the band-spectrum changed into the line-spcctrum, and that the amount is 
independent of the cross-section of the vacuum-tube containing the hydrogen, and also 
of the pressure. Unfortunately the band-spectrum of hydrogen is one of doubtful 
origin, many spectroscopists ascribing it to an impurity of hydrocarbons. Wiede- 
mann will, however, no doubt extend his observations to other gases which possess 
undoubted double spectra. 


, 11. Absobftion-sfbctba 

a. ikbsorptton-spectra of Vapours. We have had in the last few years 
three maps of the absorption-spectrum of bromine. One by Roscoe a. Thorpe {Phil. 
Trans, clxvii. 1876, 207), one by Moser {Pogg. Ann. clx. 1877, 177), and apparently 
the best and most accurate one by Hasselberg {Mkm. de St. PH. xxvi. 1878, 4). 
Roscoe a. Thorpe’s map extends, however, further into the red than the other two. 
Moser investigated the changes seen in the spectrum when the vapour is heated. 
Homo of the bands seem to disappear and to be replaced by others. Hasselberg, in 
the same paper, gives us a very accurate set. of measurements of the absorption- 
spectrum seen when white light is sent through the vapour of nitrogen tetroxido. 
Moser also investigated the changes in this spectrum, and finds that three bands near 
0 disappear at a high temperature. It seems likely that these bands are due to the 
more complex molecule which we know to bo broken up when the temperature is 
raised. 

The absorption-spectra of metallic vapours were examined by Liveing a. Dewar, 
and the results were communicated in a series of papers to the Royal Society {Proc. 
Roy. Soc. xxvii. 132, 360, 494 ; xxviii. 352, 367, 471 ; xxix. 402). At first the sub- 
stances were heated up in an iron tube, and the continuous spectrum sent out by 
the tube was used as background against which the reversals were observed. In 
order to obtain higher temperatures, the iron tube was replaced in the later experi- 
ments by crucibles of lime or carbon, and the substances were heated either in a jet of 
the oxyhydrogen flame or later by means of the voltaic arc derived from a dynamo- 
electric machine. The following is a short summary of the results which were 
obtained : 

Sodium.— lu the iron tube the channelled spaces described by Roscoe a. Schuster 
were seen, but it was pointed out that the green line (5610) was not coincident as 
assumed by them with the double green sodium line. In the later experiments with 
higher temperatures, all the lines except one pair given by Thal^n as- belonging to 
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sodium were seen reversed, and the order in which they appeared was as follows : 
The double yellow line, the pair at 6687> the pair at 4983, the pair at 4670, and finally 
the double red line at 6160. It is curious that the pair at 6154 has not been seen re- 
versed. The pair at 4670 is not given by Thal&n at all, but by Lecoq deBoisbaudran. 
A mixture of magnesium and sodium gave a band at 6300, which was seen only in 
this mixture. 

Potassium , — ^In the iron tube the channelled spaces appeared in the green ; but 
those in the red observed by Boscoe a. Sohuster were not seen. There can be little 
doubt however that they do exist and really belong to potassium. The dark line at 
5730, Liveiug a. Dewar proved not to bo identical with the potassium line near it, as 
assumed by Boscoe a. Schuster. No line of potassium was reversed in the iron tube ; 
but a mixture of potassium and magnesium giivo two dark lines in the rod (6580, 
6475) which could not be tracod either to potassium or to magnesium, but appear only 
when the two metals are present together. At higher temperatures the lines of 
potassium make their appearance. 

Lithium , — Lithium gave no results in the iron tube, but when the chloride was 
introduced together with metallic sodium and potassium, the red line was seen reversed. 
At higher temperature the green line was scon reversed. 

Rubidium . — Bubidium chloride heated in a glass tube with sodium shows the 
reversal of the two violet lines. At higher temperature the less refrangible of the 
two red rays is also reversed. 

Casium . — Ctesium chloride heated in a glass tube showed the two blue lines. 

Magnesium showed in the iron tube in an atmosphere of hydrogen the reversal 
of 6, and the spectrum whicl * has been already mentioned was traced to a com- 
pound of magnesium and hydrogen. At higher temperatures the other metallic lines 
appear, with the exception of 4481, which wa'i not seen, but on the other hand a now 
line at 4354 was seen reversed. 

Iju a similar way the absorption-spectra of the vapours of barium, calcium, 
strontium, silver, gallium, lead, y:inc, cadmium, bismuth, copper, iron, and manganese 
are described. 

Absorption-spectra of Kigulds. The study of the absorption-spectra of 
liquids is daily gaining more importance. As, however, the absoi’ption-spectrum of a 
salt often varies with the solvent, and even with the presence of other bodies, great 
care is necessary when the spectroscope is used in qualitative analysis. In some cases, 
however, the instrument may give much information. H. W. Vogel {Ber. d. Chem. 
Ges, 1876, ix. I641), for instance, shows how small traces of alumina or magnesia 
may be traced in solutions. For this purpose Vogel makes use of the action of pur- 
purin on those bodies. An alcoholic solution of piirpurin shows an absorption over 
F and one between 6 and E. If the solution is alkaline, a band appears between E 
and D ; this is to be avoided, which can be done by adding a small quantity of lime- 
water to the solution. If to this solution a liquid containing small quantities of an 
aluminium salt is added, two very characteristic bauds appear, one between E and 
D and one between F and 6. Salts of miignosia show bands in nearly the same 
position, but magnesia bands disappear on addition of a drop of acetic acid, while 
the bands which are due to alumina remain. Vogel (^ibid, 1875, 1533) also shows 
how man^nese, chromium, cobalt, uranium, and iron can under certain circumstances 
be recognised by means of the spectroscope. 

Chromlam compounds. Erhard has subjected some of the salts of chromium 
to a careful investigation. He describes the absorption-spectrum of crystals of 
chromium-potassium sulphate, and finds it to be identical with that of chromium 
ammonium sulphate. It is characterised by some absorption-bands in the red more 
refrangible than C. The remainder of the spectrum is the same as tliat of the solu- 
tions of the salt, exhibiting strong continuous absorption in the blue, but partial trans- 
mission of the violet. Chromic chloride differs from the otlier salts by transmitting 
light between E and C. The red oxalate of potassium and chromium transmitted 
only the red. The blue oxalate gave an absorption band in the red, and transmitted 
some of the blue and violet. 

The absorption-spectra of the solutions of the alums, of chromium sulphate, and of 
the chloride and nitrate resemble each other, and transmit more light than a solu- 
tion of the oxalates, tartrate, and acetate. Professor Soret has paid some attention 
to the absorption-spectra of the chromates (.<4rcAii;ca sc.phys.Nat, 1878, Ixi. 322), 
and has traced them into the ultra-violet by means of his spectroscope with fluorescent 
eyepiece. He finds the spectra of the chromates of potassium, sodium, and ammonium, 
of we diluted bichromates of potassium and ammonium, to be identical. Chromic acid 
showed the same spectrum loss distinctly. 
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Slsoovery of new elements. The spectroscope has played an important part 
in the discovery of some new earths from the minerals gadolinite and samarskite. 
Marignac had been led to the discovery of a new element which be called ytterbium* 
He gave some of his preparations to Soret, who after examination came to the con- 
clusion that at least one other element was present besides (Compt, rend. 1878»lxxxvi. 
1062). This clement gave some very characteristic bands, especially in the ultra- 
violet. The bands were not due either to any previously known elements, or to the 
newly-discovered ytterbium, which gives #io characteristic absorption-bands (its 
emission-spectrum was mapped by Leco<| de Boisbaudran ; Compt. rend. 1879| 
Ixxxviii. 1342). This new element Soret only called X, as ho considers it to be 
identical with ono the discovery of which hud been announced by Delafontaine, to 
whom he consequently loft the choice of a name. Subsequent researches have con- 
firmed this supposition, and the element was named by its discoverer philippium. 
Clive independently discovered its existence by means of the spectroscopic evidence, 
and called it holmium^ but afterwards acknowledged Soret’s priority. 

Soret, and after him Olive, also found some remarkable variations in the intensity 
of a red absorption-band (A = 684), and suggested the possibility of the existence of a 
distinct element, for which the name of thulium was suggested by Clive; Soret, 
however, who has the priority of the discovery, did not consider the evidence 
sufficiently strong as yet to justify his giving any name to this element, the existence 
of which though probable is not proved. 

Delafontaine {Compt. rend* 1878, Ixxxvii. 632) also thinks ho has obtained 
conclusive evidence of the existence of another earth, decipiuMt which is characterised 
by two bands (A = 416 and A = 478), and Lecoq de Boisbaudran {ibid* 1879, Ixxxix. 
212) has obtained an absorption-spectrum which he ct«siders to be due to an element 
different again from decipium, which he calls samarium. It seems certain that 
the products examined by Delafontaine and Lecoq do Boisbaudran contain a new 
substance, but also that they contain something in common. Whether samurium 
is identical with decipium, or whether they are mixtures in unequal quaiftitios 
of a new body with a known one, or of two new bodies, it is as yet impossible 
to say. 

Xelatienaliip between different spectra. We have to note some important 
investigations on the question whether an element preserves its absorbing properties 
when combined with another, and whether substances having a similar chemical con- 
stitution present analogies in their spectra. Gladstone and Miller had previously 
given their attention to this question, and found that acids and bases preserved their 
absorbing powers when combined togetlier. This result has been confirmed by Soret 
{Arch. sc. phys. Nat. 1878, Ixi. 322), who finds that, if acids transparent to the ultra- 
violet rays combine with transparent bases, the compound is also transparent ; but an 
acid which absorbs certain parts of the spectrum will also absorb it when combined 
with a transparent base. A very curious confirmation of this law is derived from a 
study of nitric acid and the metallic nitrates, which all begin to absorb the ultra- 
violet rays at the same limit, and have a maximum of absorption for a wave-length of 
about 3000 tenth metros. More recently Soret has examined, jointly with Rilliet 
{Compt. rend. 1879, Ixxxix. 747), the absorption-spectra of the alcoholic nitrates and 
nitrites, and finds that, although the place where the general absorption begins is much 
the same as in the metallic salts, nevertheless some of the characteristic properties 
disappear. Hence Soret a Eilliet conclude ^ that the alcoholic nitrates have a 
chemical constitution different from that of the metallic salts. 

Hartley a. Huntington {Phil. Trans. 1879, clxx. 267), in a long and careful 
work, have examined the question of relationship of spectra in similarly constituted 
bodies. They have .arrived at the following conclusions : 

(1) . The normal alcohols of the series C“H®"“*OH, are remarkable for transparency 
to the ultrarviolet rays of the spectrum, pure methylic alcohol being nearly as much 
so as water. 

(2) . The normal fatty acids exhibit a greater absorption of the more refrangible 
rays of the ultra-violet spectrum than the normal alcohols containing the same 
number of carbon-atoms. 

(3) . There is an increased absorption of the more refrangible rays corresponding 
to each increment of CH^ in the molecule of the alcohols and the acids. 

(4) . Like the alcohols and acids, the ethereal salts derived from them are highly 
transparent to the ultra-violet rays, and do not exhibit absorption-bands. 

They have also examined substances containing the benzene-nucleus, and obtained 
the following results : 

(1). Benzene, and the hydrocarbons, alcohols, acids, and amines derived therefrom 
are remarkable — first, for their powerful absorption of the more refrangible rays ; 
secondly, ffir the absorption-bands made visible by dissolving them in water ox 
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alcohol ; and thirdly, for the extraordinary intenaity of these absorption-bands — that is 
to say, their power of resisting dilution. 

(2) . Isomeric bodies containing the benzene-nudeus exhibit widely different 
spectra, inasmuch as their absorption-bands vary in position and in intensity. 

(3) . The photographic absorption-spectra can be employed as a means of identify- 
ing o^anic substances, and as a most delicate test of their purity. The curvUt 
obtained by co-ordinating the extent of dilution, or, in other words, the quantity of a 
substance, with the position of the rays of the spectrum transmitted by the solution, 
form a strongly-inarked and highly characteristic feature of very many substances. 

Hartley has since extended his experiments, and seems to have come to the conclu- 
sion that no carbon-compound will give distinct absorption-bands unless it contains 
three pairs of carbon-atoms doubly linked together. 

Influence of the Solvent on the Position of Absorption-hands . — Eundt discovered 
that, if a body showing characteristic absorption-bands is dissolved in different liquids, 
the bands are sometimes slightly shifted towards one or the other end of the spectrum. 
In his latest and most complete investigation {Wied. Ann. 1878, iv. 34) he examined 
chlorophyll, aniline green, cyanine, fuchsine, quinizarin, and the yolk of egg, dissolv- 
ing these bodies in the following substances : methylic alcohol, water, ether, acetone, 
ethyl alcohol, amyl alcohol, chloroform, benzene, toluene, oil of cassia, and bisulphide 
of carbon. The general result was that if two solvents have diffusive powers which 
differ much, the one with the greater dispersion will show the absorption-band dis- 
placed towards the red. If the liquids have approximately equal dispersive powers, 
the results are not the same for all bodies, and no general rule.can bo given. A paper 
by Glees (ibid. 1878, iii. 389) will also give some useful experimental facts, but his 
discussion is vitiated by a salous error in the theoretical part. 


III. Application op Spectrum Analysis to Astronomy. 

Owing to the calm sbito of the solar surroundings in the last few years, solar 
physics has not advanced so rapidly as it otherwise wonld have done. Considerable 
progress has however been made in some of its branches. We have had several new 
maps of the solar spectrum. In the visible part, Dr. H. 0. Vogel, of the Potsdam 
Observatory, has in the first publication of that institution given a map on a larger 
BCiilo than Angstrom’s, reaching from the green into the violet. Prof. Piazzi Smyth 
{Trans. Hoy. Soc. Ed. xxix. 285) has also carefully remeasured the visible part of the 
solar spectrum from A to H. He does not give a map, but gives symbolical repre- 
sentations of the appearance of each line, together with its measurement, which is re- 
duced to wave-numbers in British inches ; that is, the number of waves contained in 
a British inch. Cornu {Ann. Ec. Norn. iii. 421, ix. 21) has taken comparisons of the 
ultra-violet regions of the solar spectrum with the metallic lines, and he has carefully 
drawn up a map of Angstrom’s scale of wave lengths. Most of the ultra-violet lines 
which have been identified by him belong to iron and nickel, but some also to man- 
ganese, magnesium, and sodium. Abney {Proc. Hoy. Soc. xxx. 67) has succeeded in 
preparing silver bromide which absorbs the red and ultra-red rays, and is sensitive 
to these rays. In the Bakeriau Lecture for 1879, Abney has explained his methods 
(the full paper will appear in the forthcoming volume of the Philosophical Trans- 
actions) and the apparatus by means of which he has been able to obtain photographs 
of the spectrum as far as A= 107dl) tenth metres, thus extending our knowledge of the 
solar radiation through nearly a whole octave. 

Two total eclipses of the sun, one in 1875 and one in 1878, fell into a time 
where sun-spots were very rare and the solar corona in a very quiet state. The first- 
mentioned eclipse was observed in Siam (Trflws. Hoy. Soc. 1878, Part I.) Photo- 
graphs were obtained of the corona, which was symmetrical, round an axis nearly, if 
not entirely, coinciding w’ith the solar axis. Photographs wore also taken with a 
camera having a prism placed in front of the object-glass. The image of the corona 
was drawn out into a band showing that nearly the whole of its light gave a con- 
tinuous spectrum. The prominences, on the other hand, gave distinct images corre- 
sponding to the hydrogen line F and near G. The strongest image, however, was in 
the extreme violet, near H. This imago was very likely due to a hydrogen line, 
which has since been discovered to coincide with H. The eclipse of 1878 was observed 
by many astronomers in America. Photographs ot the corona were taken by the 
Washington observers, which will most likely prove to be more perfect than any wo 
have hitherto possessed. The corona mudi resembled that of 1875. Its spectrum was 
chiefly continuous, the bright green line not being very conspicuous. Drapers party 
observed the dark Fraunhofer lines in the spectrum of the corona.* 

Coiisiderable interest was aroused by Draper’s {Ahmt, Phil. Soc. 1877) announce- 
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mont that he had discovered, by means of photography, bright lines in the violet part 
of the spectrum, which corresponded with tho bright lines of the oxygen. Copies of 
his photograph accompanied the paper. Just those observers, however, who were 
accustomed to work with instruments of greater power than those generally in use, felt 
rather doubtful as to Draper’s conclusions. The existence of bright lines in the solar 
spectrum has often been mentioned. But when such an apparently bright line is 
examined with instruments of high power, it is generally found to be duo to an effect 
of contrast. Dark lines closely ruled togethmj, which could not be resolved with tho 
lower.dispersion, now appear on either side. Those dark lines fuse together if the 
dispersion is insufficient, and make the interval between them appear brighter than 
the general background. It was and still is hold by several observers (Christie, 
Monthly NoticeSy R. A. S.) that Drapers bright lines are duo to this cause. It must 
however be urged, on belialf of Draper, that, granting the existence of these bright 
lines, it is quite possible that they should come out better with smaller dispersive 
powers ; for the lines of oxygon we know w<juld not bo sharp, and high powers might 
easily draw them out into bands of such width and decreased intensity that wc might 
not fail to detect them. Draper (II. C. Vogel, Observations at thePots^m Observatory y 
vol. I.) has since his first publication repeated his experiments with more powerful 
apparatus, and his photographs obtained have convinced many observers, whose 
opinion is entitled to much weight, of the justness of his conclusions. But the 
question will most likely not be settled to the general satisfaction of spectroscopists 
until photometric measurements have shown that these bands are really brighter than 
the other parts of the spectrum. 

An important step has been made by Huggins, who lias succeeded in obtaining 
admirable photographs of the spectra of some of the sttvji. The following quotation 
{Proc. Roy. Soc. xxx. 21) will show the extent and some of the results of the work. 

*Photo^phs have been obtained of t^je stars Sirius, Vega, a-Cygni, o-Virginis, 
U-Ursae Majoris, a-Aquilae, Arcturus, fi-Peg&si, Betelgeux, Capella, a-Herculis, and 
a-Fegasi ; also of the planets Jupiter, Venus, and Mars, and of the different parts ,of 
the moon. 

* The spectra of Sirius, Vega, o-Cygni, o-Virginis, rj-VrstR Majoris, a-Aquilae, and 
Arcturus. are laid down in a map on the scale of Cornu’s map of tho ultra-violet 
part of the solar spectrum. 

‘ The stellar spectra extend from about G to 0 in tho ultra-violet. The stars of 
the white class are arranged so as to exhibit, first, tho remarkable spectrum typical of 
this class, and then some of the modifications it appears to undergo. 

‘ Tho typical spectrum of this region of this class consists of twelve strong lines 
winged at the edges. Tho continuous-spectrum extends in tho photographs beyond 
S, but no lines are seen more refrangible than the twelfth line 3699. Two of these 
lines agree in position with tho hydrogen lino (7) 4340, and the other line at h. Tho 
third line agrees with Hj. The remaining nine form a group, in which the distance 
between any two adjacent lines is less as the rofrangibility increases, suggesting that 
they are connected with each other and represent probably one sul>8tance. 

‘A very suggestive modification presents itself in tho difference of tho 
character of the line Hj. In these stars this line is either absent or very thin as 
compared with its appearance in the solar spectrum. In the spectrum of Arcturus, 
which belongs to tho solar type, this lino exceeds in breadth and intensity its con- 
dition in the solar spectrum. Tho white stars may, therefore, be arranged in a series 
in which the line D, passes through different sUigek of thickness, at the same time 
that the typical lines become narrower and more defined, and other finer lines present 
themselves in increasing numbers. Arcturus seems to present a spectrum on the 
mother side of that of the sun in the order of change from tho white-star group.’ 

H. W. Vogel {Nature) has taken photographs of the spectrum of hydrogen, and 
has been able to identify several of the linos which appear on Huggins’ photographs 
of the spectra of white stars with hydrogen lines, especially the line which is apparently 
coincident with H,. 

A. S. . 

BPBftGVXiIir. A fluorescent body, occuriing in the seed-coverings of Spergtda 
vulgaris and S. maxima, and produced at tho time when the seeds blacken and arc 
nearly ripe. It has not been obtained in crystals. It is very soluble in ethyl alcohol, 
both anhydrous and aqueous, also in methyl alcohol, less soluble in amyl alcohol, 
nearly insoluble in ether and in petroleum. Strong sulphuric acid dissolves it, forming 
a dark blue liquid. Its solution in common alcohol, when viewed by transmitted 
light, appears nearly colourless with a shade of olive-green, but by reflected light it 
exhibits an intense dark-blue fluorescence, which remains permanent more than a year 
if the liquid be kept in darkness, but is rapidly destroyed in sunshine, and more 
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slowly in diffused daylight. Small quantities of alkalis and alkaline cazbonates added 
to the alcoholic solution transform the spcr^lin into a body exhibiting an emerald- 
green fluorescence ; the alcoholic solution gives a precipitate with acetate of lead. 
An alcoholic solution of spergulin (1:8) exhibits strong absorption, almost wholly in 
the violet, differing considerably in this respect from chlorophyll, phyllocyanin, and 
phylloxanthin. 

Spergulin gives by analysis 61*85 per cent, carbon and 7*06 hydrogen, agreeing 
approximately with the empirical formula C*H^O^ It appears to bo related to chloro- 
phyll, and is perhaps closely allied to pAyllocyaiiin. It may be regarded as a weak 
acid which exhibits blue fluorescence in the free state and in its acid salts, green 
fluorescence in its neutral salts, ;ind none at all in its basic salts (C. 0. Harz, Chem, 
Centr, 1879, 24). 

89B88A&Tnr. A variety of garnet from St. Marcel in Piedmont (p. 846). 

8PBJE110C0BAX.TXTS, or Cohalt-spar^ is a native carbonate of cobalt belong- 
ing to the calcspar-group, black on the outside, red within ; occurring, together with 
Tosalito, in the Daniel Mine near Schneeberg. After deducting the iron as limonite, 
the analytical values (A) lead to the formula CoCO®, the numbers calculated from 
which are given under B ; 

CoO (JaO Fe*0> CO* H*0 

A. 68*86 1*80 3*41 34*66 1*22 =. 99*94 

B. 63*06 — — 36*94 — =r 100 

(C. 'Winkler, J. pr. Cliem. [2], xvi. 89). By examination with the microscope, 
A. Woisbach found the small spherical masses to consist of rliombohedral crystals 
R.0R. Sp. gr. = 4*13 (JahrU^f. Min, 1877, 409). 

8PRJEBOXiXTS. A volcanic glass from the lava of Antisana (sp. gr. 2*386) 
analysed by G. vom Itath {Zeitschr, geoL Ges, xxvii. 295), with the following results : 

NO* A1»0* Fc*0* CaO MgO K*0, Na*0 n*0 

77*01 12*90 1*88 0*21 0*29 7*26 0*45 = 100 

8PBJB1108XDB11XTS. This mineral occurs in a lurliary clay at vSteiii in 
Carinthia, in small globules mixed with sand, and containing, besides traces of man- 
ganese, water, and organic substance : 

FeCO* Fc*0* CoCO’ MgCO* Insoluble 

72*96 2*03 9*68 3*18 11*94 = 99*79 

(F. Ullik, Min. Mm. 1873, 231). 

Manganiferous .sphaerosiderites from Hungary have been analysed by Schrockinger 
a. Dietrich (Min. Mitth. 1877, 114). 

1-3. From Felsobanya : dirty-white or yollowish-browii globules, on antimony- 
glance or heavy spar. 4. From Kapnik : grey or yellowish stalactites with con- 
centrically scaly texture : 


FeCO* 

MnCO* 

(JaCO* 

MgCO* 

H*0 

63*07 

44*36 

1*16 

1*49 

— = 100*07 

46-64 

38*07 

9*96 

4*78 

— = 99*46 

62*12 

27*76 

7*05 

2*41 

— = 99*34 

66*84 

39*84 

0*55 

1*29 

0*67 = 99*19 

8PXAUTBBXTB. 

. A variety of zinc sulphide. 

See Zinc. 


8PXBOBBEX8BXr. Manganiferous cast-iron, in which the proportion of matw 
ganese doc.s not exceed 26 per cent. See Iron Mktalluroy (pp. 1108-1111). 

8PXBSB. The spinel of Tiriolo in Caliihria is opaque, dark greenish-blue, 
faintly lustrous, and brittle with irregular fracture. Sp gr. = 3*7 at 12*^. Its 
analysis gave : 

A1*0* ZnO MgO FoO Sb*0» 

. 63*64 21*28 12-34 4*63 0*34 = 102*13 

agreeing nearly with the formula (Zn,Mg,Fe,)APO* (Munro, Gasc, chim, ital, ix, 70). 

Spinel occurs abundantly in the dolomitic limestone of Sviuctic in the Bdhmerwald 
(Helmhackor, Min. Mitth. 1873, 276). 

On pseudomorphs of Spinel after Corundum, see Corundum (p. 670). 

Artificial Formation.—^. Auniann (Chem. News, ^xxviu. 108) has obtained crystals 
of magnesium aluminate, MgAPO^, in regular octohedrous which scratched glass 
readily, by igniting magnesia packed in a crucible of hard carbon and having a lump 
of aluminium imbeaded within it. 

8PXIUBA. According -to Nietzki (Arch. Pharm, [3], iii. 429), the ethereal oil 
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of meadow-sweet (iSjp. uhnaria) contains not salicylic aldehyde as stated by Wicke 
(▼. I67)i but a mixture of a hydrocarbon with a salicylic ether, probably methyl 
salicylate. 

On the Carbohydrate obtained from this plant, see Sikistrin (p. 1802). 

BTAbbIiBR’B BXiVB. Stadeler obtained this colouring matter by heating 
1 mol. azobenzeue with 2 mols. aniline hydrochloride at 170°-230^ (vi. 270). A 
similar compound, having the composition of triphenylene-diamine, is pro- 

duced, together with sal-ammoniac, by heatingf 2 mols. aniline with 1 mol. nitrobenzene 
and dry hydrochloric acid in sealed tubes for six hours at 230° ; also by heating 
diphenylamine with nitrobenzene and dry hydrochloric acid at 230°, and by &e action 
of dry hydrochloric acid on azodiphenyl blue at 215°. 

BTAmrOXSOBXrTTli-COMPOVSrBS* See £uttl-comx>oijnds (p. 368). 

BTAXnvoPROPTli-COBXPOUfVBB* A number of these compounds, obtained 
by Cahours, have already been described (vii. 1014). 

Stannotetrapropylt Sn(C*H^)^ is prepared by heating stannotripiopyl iodide with 
zinc-propyl : 

2Sn(C*H7I + Zn(C*H’)* » Znl* + 2Sn(C»H»)«. 

When separated from the product by potash-solution, it forms a colourless mobile 
liquid, having a pungent ethereal odour, a density 1*179 at 14°, and boiling at 222°- 
225°. When gently heated with nitric or sulphuric acid, it is strongly attacked, with 
formation of crystallised products, probably salts of stannotripropyl (CSahours, Compt, 
rend. Ixxvi. 133). 

STARCBf On the formation of Star& in Chlorophyll-granules, see 

Plants (p. 1644). 

On the occurrence of Starch in Egg-yolk, see Eggs (p. 704). 

Composition of the Starchrgranule (Brown a. Heron, Ckem. 8oo. J. xxxv. 610). 
Starch-granules are built up of distinctly stratified layers, mainly consisting of a 
substance designated by C. Nageli^as gran u lose. The outer layers are for the 
most part denser than those nearer to the nucleus, and increase from without inwards 
in the amount of water which they contain. Every part of the granule contains, 
besides granulose, a small quantity of another substance, very closely allied to 
granulose, and distinguished by recent observers as starch-cellulose. The outer 
layers, which consist mainly, if not wholly, of this latter substance, are the oldest in 
point of growth, the starch-granule increasing by intussusception, t.c., the formHtivo 
material, absorbed from without during the growth of the starch-grains within the 
protoplasm of the plant cell, is deposited between the already existing particles in the 
direction of the surface of the layers (Nageli). To the presence of this protective 
coating of cellulose is to be attributed the fact that starch-granules when intact are 
absolutely unacted upon by cold water. Although water is absorbed to a very large 
extent by the granulose, none of this substance, which is to the highest degree 
colloidal, is able to diifuse into the surrounding medium. When, however, the outer 
layer of the granule is ruptured by attrition, the contents become much swollen from 
absorption of water, and a small quantity of matter having all the properties of snlvble 
starch goes into solution. By repeated treatment of the ruptured starch-grains with 
cold water, the greater part of the granulose may be reiftoved, most of the cellulose 
being left behind in the form of extremely thin layers, which, unlike the granulose, 
acquire, when treated with iodine, only a dirty yellow colour. Granulose itself, and 
water which has been only for a short time in contact with it, are coloured deep indigo- 
blue on addition of a solution of iodine. Fr. Schulze (Hennebeig's Joum, Landmrth. 
Hew Ser. vii. 214) has obtained starch-cellulose by digesting starch for several days 
at 60° with a saturated solution of common salt containing 1 per cent, of hydrochloric 
acid. Nageli also obtained the same substance by acting on starch at 45°>55° with 
saliva, which contains an active agent (ptyalin) capable of attacking and dissolving 
onl^ the granulose. Lastly, Fitz (Brr. x. 282) 1^ recently observed that certain 
schizomycetes easily ferment the granulose of starch-paste, but leave the starch- 
cellulose unattacked. 

The action of malt-extract on starch-paste in the cold affords a ready means of 
obtaining the cellulose of the starch-granule in large quantities. When a starch-paste 
containing from 5 to 6 grams of starch per 100 c.c. is treated, when quite cold, with 
about one-tenth of its volume of freshly prepared normal malt-extract, the mixture 
becomes perfectly limpid in from four to eight minutes, and can then be easily filtered. 
The flocculent matter left on the filter, after being freed from malt-extract and the 
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products of transformation of tho granulose, by washing with cold water, consists of 
the so-called starch -cellulose. The filtered liquid, at first perfectly bright, becomes 
turbid in a few minutes from the separation of a further quantity of flocculent matter, 
which does not appear to differ, except in want of structure, from that previously 
separated by filtration. This further separation of cellulose is due to the fact thiit 
soluble starch and the hiaher dextrine, the first products of the action of malt-extract 
upon granulose, are capable of holding some of the cellulose in solution ; as the soluble 
starch and the higher dextrine are broken up, most of this separates in the insoluble 
form. The matter left upon the filter consists of fine lamin® still retaining the shape 
of tho swollen starch-granules, whilst the precipitated portion is amorphous. 

Starch-cellulose after separation in this way is perfectly insoluble both in cold 
water and in water at 70°-80°, also in solutions of soluble starch or of the higher 
dextrins. That it is capable, under certain conditions, of entering into solution is 
shown, however, by the facts mentioned above, and by the impossibility of preparing 
it with a very dilute starch-paste, z.e., 1 to 1*5 gram per 100 c.c.* 

Insoluble starch-cellulose is not acted upon by malt-extract in the cold, or at a 
temperature of GO'^ ; the soluble modification appears, however, to be acted upon by 
malt-extract, somewhat slowly indeed in the cold, but rapidly at temperatures from 
6()°-70°. 

Boiling with water converts starch-cellulose to a great extent into soluble starch, 
the solution having all the optical properties of that body, and yielding the character- 
istic indigo-blue reaction with iodine. After repecated boiling with water and frequent 
washing, there is left a body upon which a continuation of this treatment has no 
further effect. This body, amounting to about one-fifth of the original substance 
acted upon, is readily solublb in a solution of potash, under the action of which it is 
slowly converted into soluble starch on digestion at an elevated temperature. 

Insoluble starch-cellulose evidently consists of at least tw'o substances, one readily 
acted upon by boiling water, and the other not. Both these bodies must bo very 
closely allied to granulose, since all these substances, under favourable conditions, 
yield soluble starch as the first product of their transformation. 

'When starch-ccllulose is dissolved in liquid potash-solution, the greater part of it 
can be reprecipitated bj^ the addition of acetic acid, or by passing carbon dioxide into 
tho liquid. If the alkaline solution is kept at ordinary temperatures and reprecipilatod 
immediately with acid, about 30 per cent, is found to have been converted into soluble 
sUirch. If the solution is digested at a moderately elevated temperature, precipitation 
with acid indicates tho formation of a larger quantity of soluble starch. In one case 
digestion for half an hour at 60° resulted in tho recovery of only 67*3 per cent, of the 
original quantity of celluloso. 

Tho specific rotatory power of an alkaline solution of starch-cellulose appears to 
bo very variable, but always increases on digestion at a high tomporature. The specific 
rotatory power of a freshly prepared solution, calculated on the quantity of carbo- 
hydrate present, is sometimes as low as [a], ss 146°, but increases on digestion for a few 
minutes at 60° to [a]j- 173’6°. Tho rise of angle under these conditions is due to 
the conversion of cellulose into soluble starch. Tho entire optical activity of the 
solution cannot, however, bo due to the presence of this latter substance ; the cellulose 
itself must, when held in solution with potash, exert some effect upon polarised light. 

When potato-starch is transformed under tho influence of malt-extract at tem- 
peratures above 46°, cellulose s^arates out only when the paste is of a high degree 
of consistency, and the malt-extract is deficient in quantity : hence it is evident that 
starch-cellulose, at the moment of its separation from granulose, must under these 
circumstiinces be readily soluble. 

Starch-paste . — ^When starch is treated with hot water, the contents of the granules, 
owing to a large absorption of water, swell up enormously, and ultimately rupturing 
the outer layer, form a very viscous liquid which is known as starch-paste. Marked 
differences in the viscosity of this paste are produced by slight variations in the treat- 
mept of the starch during the processes of purification and drying. When it has been 
treated with potash and acid, a paste is produced of less viscosity, cateris parUtm, 
than when no such treatment lias been adopted. Great variations in the consistency 
of the resulting paste are also produced by slightly altering the manner of drying the 
starch. Starch which has been dried slowly and at a low temperature always yields 
a more viscid solution than that which has been dried at a higher temperature. As 
the technical value of a starch depends to a considerable extent on its power of pro- 

* Nttgeli*B granulost Is evidontly identlcBl with the amidone of Fiwen a. Fsnos {Ann. Chim. 

Ivl. 387, 1884), and idth Guerin Varry’s amidine {Ann. Chitn. Phys, Ivf. S26) ; the amtdin tigununtaire 
and amidin tolvbU of the latter author being identical with the soluble and. insoluble modifications 
of starch-cellnlosei 
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dncing a more or less viscid paste, these variations of viscosity may prove to be of 
great importance in the manufacture of starch. 

The specific rotatory power of starch in a solution containing 10 gmms in 100 c.c. 
for the transition-tint is 207*3®-208-8® at ordinary temperatures, and is increased by 
boiling to 210*6°. The addition of potash to the solution dimnishos the rotatory 
power, which, however, rises again to its original height, or sometimes a little higher, 
when the alkali is neutralised with acetic or carbonic acid. 

Soltt1»le Staroli. Delffs in 1869 {Pogg. *Ann. cix. 648) described a method of 
preparing a solution of starch by prolonged trituration of starch with sand and a 
quantity of cold water sufficient to convert the whole into a rather thin paste, and 
leaving it at rest for twenty-four hours, so that the suspended particles might settle 
down and not stop the filter. Ho found that tho solution thus obtained differed in its 
reactions from those of dextrin, especially in giving a blue colour with iodine, and 
supposed that it contained a peculiar soluble modification of starch, for which he pro- 
posed tho name amylogen. Fliickiger (Zeitschr. C% Pharm. 1861, 104) prepared a 
similar solution by drenching starch-grains with a concentrated solution of calcium 
chloride, assisting the action by frequent agitation. On decanting the calcium chloride 
solution from the resulting gummy mass, and agitating the latter with 100 to 150 
times its weight of water, a stiff jolly was obtained, and with a larger quantity of 
water, a clear filtrable solution which was turned blue by iodine, and exhibited all the 
characters of the amylogen solution described by Delffs. 

According to Musculus, on the other hand (BulL Soc. Ckim. [2], xxii. 26 ; Ann. 
(Jhim. Phys. [6], ii. 385), the so-called amylogen is not actually soluble in water, 
inasmuch as its concentrated solutions stop up a filter, a(ul the compound precipitated 
from it by alcohol and dried is no longer soluble in water even at the boiling heat ; 
he supposes that the amylogen still retains the original structure of starch. Truly 
soluble starchy free from organised substanbe, is obhiined by boiling ordinary starch 
with very dilute sulphuric acid, saturating the solution with chalk, and evaporating 
to a syrup. This syrup, after long standing, deposits extremely small granules which 
gradually increase in size ; and on pouring off tho syrup, washing the residue with 
cold water, dissolving it in hot water, and precipitating tho amylogen with a little 
alcohol, tho remaining solution yields on evaporation a perfectly white mass, which is 
insoluble in cold water, but dis.solves readily in water at and does not separate 
out s^ain on cooling. The residue loft on evaporating this solution, or the precipitate 
obtained from it with alcohol, redissolvcs completely in warm water. On cooling the 
solution to a low temperature, tho dissolved starch settles down completely as a thick 
sediment exhibiting the same relations of solubility. If contaminated with dextrin 
or glucose, it no longer exhibits its peculiar characters. It doc.s not exert a reducing 
action. Its rotatory power is four times as great as that of glucose. Diastase acts 
upon it in the same manner as on ordinary starch, but more quickly. Its dilute 
solutions are coloured red by iodine, strong solutions violet. Moderately strong 
solutions, mixed with a quantity of iodine sufficient to give them a dark red-brown 
colour, assume, when evaporated in the air, a violet, and finally a blue tint, which, on 
dilution with w'ater, changes again to violet and then to red. Calcium chloride throws 
down from the red solution a blue precipitate, apparently not identical with ordinary 
iodide of starch. 

Bondonneau {Cowpt. rend. Ixxx. 671) has prepared amylogen according to tho 
process of Musculus, and finds that tho syrup, if ‘dried before the granular mass 
described by Musculus has separated out, is at first completely soluble in w«ater, but 
afterwards only partially. Hence it seems probable that tho body insoluble in water 
does not pre-exist in the starch, but is formed only in the viscid liquid. Moreover, 
this substance is produced only in those syrups which are turned violet by iodine, not 
in those which are coloured red. Amylogen prepared by the action of dilute acids or 
alkalis, or of water under increased pressure, is translucent after drying, and dissolves 
for the neater part in hot or cold water, provided it be first very finely divided, com- 
pletely, nowever, though with various degrees of facility, in solution of sodium car- 
bonate or zinc chloride. Amylogen prepared with sodium carbonate, and subsequent 
neutralisation with an acid, dissolves readily in cold water, but becomes almost in- 
soluble therein, and very difficultly soluble in hot water, after tho mass has been 
pressed. In tho dialyscr, dissolved starch behaves exactly like a colloid substance ; 
and this circumstance affords an explanation of an experiment made by Fayen, in 
which a filter cut out of a hyacinth-bulb was found to separate starch completely 
from its solution, tho bulb, in fact, acting as a dialyscr. The action of acids and 
alkalis on the starch-granule — from which, in its perfect state, water does not extract 
anjthing—depends upon their degree of concentration, and on the final rupture of the 
eeUnlose-coating, the starch in the interior being then easily dissolved. 
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Oxidaiiion,--T!bA action of Tarious oxidising agents on soluble starch, prepared 
with nitric acid, has been studied by Rcichardt {Ber. viii. 1020). Potassium per 
manganate in acid, neutral, or alkaline solution, also chromic acid, chlorine, and 
cuprous oxide, give rise to humous substances ; dilute nitric acid, to carbonic and 
oxalic acids ; bromine and silver oxide, to dextronic acid (vii. 424)« 

Fuming nitric acid converts soluble starch into a mononitro-derivative, C*H*(NO*)Oj| 
which appears to differ from the corresponding compound prepared in like manner 
from ordinary starch by its solubility in boiling alcohol and in ether. Reichardt 
finds that 1 pt. of soluble starch requ’lres for solution about 40 pts. of water at 20®. 

On the Fermentation of Starch under the iufiuence of Schizomycetes, see FEii> 
MENTATION (p. 777). 

Reactions of Starch with Zodine. A. Vogel (N. Rep. Phartn. xxii. 349 ; 
XXV. 565) draws attention to the fact— observed also by others— that dry starch is 
coloured blue by a weak alcoholic tincture of iodine, but not by a solution of iodine in 
absolute alcohol, or even in alcohol of sp. gr. 0 880 (66 p. c. by weight). Further, 
the decoloration of a solution of starch iodide by sunlight, or by heat takes place more 
quickly in dilute than in concentrated solutions. If the heating has been continued 
for a short time only, the blue colour reappears on coolitig; but if the heating has 
been prolonged, the colour is restored only on addition of nitric acid, chlorine, &c. 
On heating the solution, iodine escapes at first, but its evolution does not continue, 
and even a solution which has boon completely decolorised by boiling and evaporated 
to dryness is still found to contain iodine. The decoloration appears to depend upon 
the fact that the iodine is converted into a mixture of iodic and hydriodic acids, which 
subsequently act upon one another in such a manner as to liberate iodine. 

H. Pellet (Monit. scient^\‘i\ vii. 988) regards starch iodide as a definite compound 
analogous in its chemical relations to the iodides of the heay^ metals, mercury and 
silver for example, being soluble in excGss of soluble starch, just as these metallic 
ipdides are soluble in excess of potassium iodide, and reprecipitated from the solution 
by acids. 

According to Bondonueau {Cmpt.rend.liax^. 671), starch iodide is a definite 
chemical compound riipresented by the formula (C®H*®0“)®I. It is obtained pure when 
a solution of starch, prepared by the action of caustic soda on starch suspended in 
fifteen to twenty times its amount of water, is mixed with excess of iodine solution, 
then acidulated and filtered, and the resulting starch iodide is washed with water con- 
taining a little hydrochloric acid, and finally dried in the air, whereby, however, it 
loses a small quantity of iodine, so that its composition agrees with the formula above 
given only when it is moist. Starch iodide thus prepared is a hard black-violet mass, 
which swells up in water and then recovers its blue colour. When heated at lOu® it 
loses 16-18 per cent, of hydriodic acid and water, and at 190® the loss amounts to 
46 per cent., the colour changing to black. The black substance thus obtained yields 
on oxidation saccharic and oxalic acids ; sulphuric acid converts it into glucose. 
When the iodide is heated under pressure, carbon dioxide, hydriodic acid, and iodine 
Jiro evolved, and when heated to 100® with water under pressure, it partly splits up 
into iodine and starch, and is partly converted into glucose and hydriodic acid. 
Water at the ordinary temperature slowly converts it into a-dextrin and hydriodic 
acid. It is decomposed by diastase, yielding gli*cose, jB- and 7-dextriD, hydriodic 
acid, and an oi^nic iodide not yet separated. 

Conversion of Starcli Inlo Dextrin and Sugar by tbe action of Dias- 
tase and of Dilute Adds. Museulus stated in 1860 that starch when boiled 
with dilate acid is converted into dextrin and glucose, according to the equation, 

3C''H>®0» + H^O = 2C*H>®0» + C®H*20«; 

and he supposed that diastase acted upon starch in the same manner (vi. 1081). 
•Schulze a. Marker, however (vii. 1008), found that the ferment of malt-extract does 
nof, like sulphuric acid, convert the whole of a given quantity of starch into sugar, 
but only the half of it, and O’Sullivan showed {ibid.) that the ultimate product of the 
action of malt-extract upon starch is not glucose, hut maltose, a substance isomeric 
with cane- and milk -sugar, and capable of reducing only two-thirds of the quantity of 
cupric salt that is reduced by dextrose. 

Further experiments by Museulus a. Gruber (Compt. rend. Ixxxvi. 1459) have led 
them to the conclusion that, under the influence of boiling dilute sulphuric acid, or 
of diastase, the following substances are produced from starch. 

I. Soluble Starch , — Insoluble in water at 50®-60®. Coloured wine-red by iodine 
in aqueous solution, and blue in the solid state. Dried in the air with excess of 
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iodine, it assumes violet, yellow, or brown tints. Botatory power [a]/= +218®, re- 
ducing power 6. 

2. Erythrodextririt which constitutes half of the dextrin of commerce, always 
strikes a red colour with iodine, whether it be solid or in solution. It is never in- 
soluble in water. Very easily attacked by diastase. 

3. AchroodextHn, a. Not coloured by iodine. Botatory power [aL** ^210® ; re- 
ducing power, 12. Partially convertible into sugar by diastase, but less easily than 
soluble starch or erythrodextrin. 

4. Achroodextrin fi. Not attacked by diastase, at least during the first twenty- 
four hours. Botatory power [«]>=* + 190® ; reducing power, 12. 

5. Achroodextrin 7. Not attacked by diastase at all ; changed into glucose by 
Doiling with dilute sulphuric acid for several hours. Botatory power [a]/a + 150® ; 
reducing power, 28. 

6. Maltose^ + H*0). — Attocked with difficulty by diastase ; fermentable. 

Botatory power [a]j= + 160® ; reducing power, 66. 

7. Glucose^ (C'H’W + H*0). — Fermentable. Botatory power [a]y=+66®; re- 

ducing power, 100. 

Musculus a. Gruber regard starch as a polysaccharide of the formula »(C**fl“0‘®), 
in which the exact value of apparently not less than 5 or 6, remains to be deter- 
mined. Under the influence of diastatic ferments and of dilute acids, this carbo 
hydrate takes up water by successive stages, and breaks up into maltose and a now 
dextrin of successively smaller molecular weight, n becoming less at each stage, until 
the transformation has gone as far as the production 01 achroodextrin 7, which is 
probably transformed into maltose by simple hydration, the maltose then in its turn 
taking up water and splitting up in the nlanner shown by the equation : C*^H^O** 
+ H20 = 2C«H«0*. 

In the action of diastase on starch a large quantity of maltose is produced, t^ 
gether with only a small quantity of dextrose, whereas when sulphuric acid is used, 
dextrose is produced in considerable quantity. 

M. A. Petit (BidL 80 c, Chim. [2], xxiv. 519) finds that when starch is sulgected 
for several hours to the action of diastiise at 50®, and the liquid is subsequently 
boiled, the starch is almost wholly converted into sugar, so that alcohol throws down 
from the solution only 5 per cent, of dextrin. The sugar solution was found to con- 
tain, besides maltose, a fermentable sugar which did not reduce Fehling’s solution, 
even after boiling for five minutes with dilute sulphuric acid. The quantity of this 
sugar amounted to about three-fourths of the maltose obtained. When treated with 
yeast, it gave off a quantity of carbon dioxide equal to that which would have been 
evolved from the same quantity of ghutoso. 

According to Herzfeld {Bcr. xii. 2120), the final products of the action of diastase 
on starch are maltose and achroodextrin. At temperatures above 66®, another body 
appears also to be produced in the form of a slightly-coloured uncrystallisable gummy 
mass, very soluble in water, having a faint sweet taste, duo perhaps to its partial 
conversion into sugar. It has about one-third the reducing power of maltose. This 
body, which Herzfeld calk maliodextrin, is identical with Bondonneau’s 7-dextrin. Its 
acetyl-compound differs from those of erythro- and ^achroodextrin in not separating 
out from its solution in hot alcohol, even when considerable quantities of it are 
dissolved. 

From later experiments by O’Sullivan (Chem. Soc. J. 1876, xxx. 125), it appears 
also that the only products of the action of diastase on starch are dextrin and 
maltose ; further, that malt-extract prepared without the aid of heat does not alter 
ungelatinised starch, but acts upon starch only at the temperature of gelatinisation, 
which is different for the several varieties of starch, and even for starch-granules of 
different sizes : for potato-starch it is 63®~64®. On starch-paste diastase acts even at 
10®-20®, producing maltose and dextrin in the ratio of 67 I 32 per cent., which, how- 
ever, by prolonged action and further addition of malt-extract, is raised to 82 : 18. 
If the solution is formed at 63®, and euoled after a few minutes, the quantities of 
maltose and dextrin obtained are constantly 67 '85 and 3216, agreeing nearly with 
equation A (below). If the temperature of the reaction lies between 64® and 68®- 
70®, the quantities of^he two products are 34*54 and 65*46 per cent, (equation B.) ; at 
68®-70® they are 17*4 and 82*6 (equation G.) ; and under other circumstances (not 
specified) proportions of maltose and dextrin have been observed agreeing wi^ 
equation : 
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(A) . C«H'»0« + H»0 

Stardi. 

(B) . + 3H20 

(B'). + 3H*0 

(C) . C«H»wO* + 4H*0 

The optical rotatory powers and cupric 

follows : — 

a-Dext.rin 

^-Dextrin i 

jS-Doxtrin ii 

^-Dextrin iii. .... 

From a study of the action of malt-extract on these transformation-products, 
O’Sullivan infers that the theory advanced by Musculus a. Gruber of the breaking 
down of the starch-molecule into dextrin-molecules which become smaller and smaller 
at every step, is not in accordance with all the facts observed ; and he regards these 
bodies, not as a series of polymerides, but rather as a series of bodies of the same 
molecular weight, in which tlie differences of behaviour must be accounted for by 
differences in the arrangement of the molecules, probably in solution only. It may 
be supposed that the molecule of soluble starch, or the dextrin which gives a purple 
colour with iodine, is simply but that these molecules in solution are 

arranged in groups of six sixes, all the groups being in an intimate state of tension 
one with another, so that the motion affecting ono under certain conditions, likewise 
affects all under the same condition. 

* Brown a. Heron 8oc. J. xxxv. 620-654), from a study of the transformation 

of soluble starch by malt-extract, conclude that the most probable formula of soluble 
starch is The first action of the transforming agent of malt-extract is 

the hydration of ono of the ten groups 0**H"®0*®, and the consequent production of 
maltose, the other nine groups forming erythrodextrin a. This dextrin 

on further hydration splits up into a molecule of maltose and erythrodextrin^, 
consisting of eight groups C**H“0'® ; and this last in its turn splits up into a dextrin 
formed of seven such groups, which is the first achroodoxtrin. In this way the 
degradation of the original molecule proceeds, until by successive stages of hydration 
maltose is reached. 

The number of distinct dextrins which, according to this hypothesis, are possible 
depends upon the molecular weight of the lowest possible dextrin. If a dextrin is 
capable of existing containing the same number of carbon-atoms in its molocnle as 
maltose, nine distinct stages in the transformation may be expected ; whereas, if the 
lowest dextrin contains double as many carbon-atoms as maltose, there can only be eight. 

The fallowing table represents the values of the specific rotatory power [ojj-s-a®*, 
and cupric reducing power, Ka-ae, f<^i^ the joint products of each of these theo- 
retical transformations, the resulting dextrins being enumerated in the last column. 


= + C®®H*®®0“® 

Maltose. a-Dextrin. 

= 2C»*H«0" + C«H®®0®® 
fl-Doxtrin i. 

= 3C«H«0» + C*®H®®0®® 

;3-Dextrln 11. 

a 4C**H“0” + 

|3-Dextrln 111. 

reducing powers of these dextrins are 


Optical rotatory 
power 

218-8® and 219-5® 
210 ® 

2160-217*5® 

215®-217® 


Beducing 

power 

0*14 to 0*018 
12 

3*0 to 3*6 
2-5 to 0*6 


No. of 

transformation 


^3’86 

Besulting 

dextrin 

Soluble starch 

. 2160® 

0 

— 

(1) . . . . 

. 2090 

6-4 

Erythrodextrin a 

(2) ... . 

. 202-2 

12-7 


(3) ... . 

. 196*4 

18-9 

Achroodoxtrin a 

(4) ... . 

. 188-7 

26-2 


(5) ... . 

. 182-1 

31-3 

y 

(6) . . . . 

. 175-6 

37*3 

n 3 

(7) . . . . 

. 169-0 

43-3 


(8) . . . . 

. 162-6 

49-3 

C 

(9) . . . . 

. 166-3 

56-1 

» V 

Maltose 

. 150-0 

61-0 



Of these possible transformations the experiments of Brown a. Heron have un- 
mistakably established the existence of Nos. (2), (3), (4), and (8), whilst indications of 
(5) and (6) have frequently been obtained in various ways, but not with the same 
amount of certainty as in ^e other cases. 


• The number 3*86 Is the divisor required to convert the spodflo gravity of the solutiou into 

grams of dry substanoe’in 100 C.O., or the value of :rin the equation orslO^l - ^ where y lathe 
Bpeoiflo gravity. 
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The dextrins corresponding to Nos. (1) and (2) are erythredeztrins ; all the others 
are achroodextrins. 

R. Sachsse {Chem. Centr, 1877» 732) infers, from the quantity of sugar obtained 
by treating starch with hydrochloric acid, that the molecular formula of dry starch is 
Qse^szQsi Starch in its ordinary state he regards as a hydrate, + 12H*0, 

inasmuch as potato-starch in drying sustains a loss of weight amounting to 17*7 per 
cent., the formula just given requiring 17’5 per cent. This view is supported by the 
observation that when dry starch is brought in conUict with a small quantity of water, 
a rise of tempemture is produced amountiug to 15°-40° or upwards. Perhaps the 
constitution of dried starch might be ropresentecl by the formula and 

that of the hydrate by + 12Aq, 1 mol. of the water being basic, and the 

rest less intimately combined, like water of crystallisation ; or these formulae might be 
doubled to accord with the results obtained by Brown a. Heron. 

Tollens, by precipitating an alkaline solution of gelatinous starch with alcohol 
and ether, has obtained compounds containing 4 or 5 at. to 1 at. K or Na, 

whence he infers that the molecule of starch must contain 24 or 30 atoms of carbon. 

Satlmation of Staroli. On the Estimation of Starch by Bloch’s Feculometcr, 
see Cloez {Dirtgl. pd, J. ccxi. 397 ; Zeitschr. anaL Chem. 1874, 337) ; also Bondenneau 
{fidl. Soc. Chim. [2], xxi. 147 : Zeitschr. anal. Chem. 1874, 467). On the amount 
of Starch in Potatoes, see Potatoes (p. 1669); also Siewert (Landw. Versuchs.-St. 
xxiv. 427 ; Che?n. Soc. J. xxxviii. 512) ; Behrend, Maercker a. Morgen (Landw. Vers.- 
St. XXV. 107-165; Che^ti. Soc. J. xxxviii. 513); in Sausages (Medicus a. Swale, Ber. 
xii. 1285; Chem. Soc. J. xxxvi. 939). 

Mannfaetnre. The present state of the Starch-manufacture is described by 
0. Schoibler in Hofmann's Entwickelung der chemischen Industrie^ iii. 152 ; that of the 
Kico-starch Manufacture by M. Adlung (Dingl. 'pol. J. ccxxi. 58, 543 ; Chem. Soc. J. 
XXX. 675 ; xxxi. 363) ; the manufacture of Wheat-starch in Halle, by Adlung {Dingl. 
ccxxiv. 304; Jahresb.f. Chem. 1877, 1207). 

STAITROZiZTB. According A. v. Lasaulx (Min. Mittk. 1872, 173), most 
staurolites contain a considerable number of microscopic enclosures (chiefly quartz, 
with garnet, mica, magnetic iron oxide, and brookite), and to these ho attributes the 
variations in the analytical values, especially that of the silica (v. 412). From an 
analysis of staurolite from Monte Campiano, near Faido, which microscopical ex- 
amination showed to be the purest, he deduces the formula : 

Fe,Mg ) 

(Al,Fe)nO" or (Fe,Mg)0,2(AP,Fe*)0».2Si0% 

Si® j 

The analysis gave : 

SiO» A1»0« Pe>0» PeO MgO H"0 Sp. gr. 

29-81* 4»-26 5-31 1203 3*25 086 ^ 99-52 3-71 

Bammelsbcrg finds (Ber. vi. 127) that when staurolites rich in enclosed silica 
are treated with hydrofluoric acid, the free silica is dissolved, and a residue is left 
agreeing in composition with pure staurolite from the St. Gothard. In staurolites 
which contain only a .small q\iantity of free silica, the hydrofluoric acid partly decom- 
poses the silicate, but in this case also a summation of the constituents of the decom- 
posed and undecomposed portions leads to the same composition (No. 5) : 



TiO" 

SiO* 

A1»0> 

PeO ® 

MgO 

H*0 


1. 

056 

29-46 

52-29 

13*42 

2-29 

1*42 = 

99-44 

2. 


30-24 

52-59 

13-86 

2*81 

1-60 = 

101-10 

3. 

0^ 

30-23 

52-85 

14-65 

2*41 





4. 

0-39 

30-23 

51*16 

14-66 

2-73 

1*26 

— 

5. 

1-00 

31-76 

50-03 

14-18 

2-07 

0-96 

— 


1 and 2. Gothard. 3. Pitkaranda ; the residue loft after treatment with hydro- 
fluoric acid amounts to 61 per cent. The acid dissolved out — together with 36*2 per 
cent. SiO® — only 1*3 A1®0*, 2*4 FeO, and 0-1 MgO. 4. Bretagne; original amount of 
silica 50*75 per cent. 5. Bretagne. 

Staurolite from the Culsagee mine, where it occurs in small blue grains of sp. gr. 
3*711, interstratified with damourite, has been analysed by F. A. Genth (J. pr. Chem. 
[2], ix. 49) with the following results *. 

Loss by 

SlO» Al"0* Fe“0» PeO MgO CaO Ignition 

27-91 52-92 687 7'80 3*28 trace 1*69 = 100-37 

8T8AJUIC ACZBp C**H*®0®. Occurrence. — Stearin, the glyceride of this acid 
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occurs, together with palmitin and olein, in the fat of parsley seeds (E. v. Gerichten, 

ix. 1126). 

Formation from Bicmoleic oucid, — When pliosphoms and iodine are gradually added 
to a warm emulsion of ricinoleic acid with a small quantity of water, a yellow oil is 
formed, consisting of iodostearidenic this acid, treated with nast^ent 

hydrogen (zinc-foil and dilute hydrochloric acid), is converted into stearic acid. lodo- 
stearideuic acid easily takes up 2 at. bromine, forming the acid (Claus 

a. Hassenkamp, Ber. ix. 1916). ^ 

Bticoinpositwn by Stearic acid may be distilled under ordinary atmospheric 

pressure, almost without docomposititm, but when distilled four times or more in a 
closed vessel, it is almost wholly resolved into hydrocarbons, water, and carbon dioxide, 
together with small quantities of acids and ketones. The liquid portion of the product 
thus obtained wsis. found to contiiin, besides water (i of the whole weight), all the 
members of the paraffin series from 0® to C**, and all those of the olefine series from 
C* to C**. Lower members of both series wore contained in the resulting gases 
(G. Johnston, Chem. Soc. J. xxix. 8). 

On the Manufacture of Stearic acid, see Eamdohr {Dingl. pol, J. ccxix. ,518; 
Jahresh.f Chem. 1876, 1092). 

On the separation of Stearic from Oleic acid in mixtures produced by the saponifica- 
tion of Fats, see Oleic acid (p. M3 2). 

STSAROXiZC ACZB, This acid, discovered by Overbeck (vi. 1038), 

is converted, by oxidation with fuming nitric acid, into a greenish oil coagulating to a 
semi-solid mass from which water extracts azelaic acid, C'’11*“0*. The alcoholic 
solution of the residue deposits stearoxylic acid, CW-^O*, in greenish laminre ; 
and the mother-liquor .separalfes into two layers, viz. an alcoholic liquid conbiiniiig 
only a small quantity of stearoxylic acid, and an oily layer, which does not contain 
azelaic aldehyde, as stated by Gverbeck, but, on saponification, yields 

pol'irgonic acid, together with nitrosop cl argonic acid, C®1I'‘'(N0)W 

(vi. u03), which detonate.s when heated. Ethyl pelar.gonato, C“H‘’0*.C'‘'1P, is 
also formed in this reaction (L. Limpach, JAeMfa Annalen, cxc. 294). 

STBPBAlOrVS SEEDS, AEXAEOieDS OF. The alkaloids of the seeds of 
Delphinium Staphisagria have been examined by Marquis {Russ. Zeifschr. Pharm. 
xvi. 449, 481, 613). The bruised seeds (1-2 kg.) were repeatedly exhausted with 
four times their weight of alcohol of 90 per cent, containing 6 to 10 grams of tartaric 
acid; the resulting alcoholic solution was distilled in a vacuum; the residue, which 
contained a green oily layer, was separated from tlio latter in a tap-funnel, then immedi- 
ately mixed with acid sodium carbonate in quantity sufficient to give it a slight alkaline 
reaction, and agitated with other. The ethereal .solution thusobtained left on spontaneous 
evaporation crystals of d o 1 p li i n i n o ; the mother-liquor contained d o 1 p h i ii o i’ d i n e 
or delphisine; and the liquid exhausted with ether yielded to chloroform the 
amorphous base, staphisagrine. The oil, which holds in solution a considerable 
quantity of alkaloids, is shaken with water very slightly acidulated with sulphuric 
acJd to separate these bases, and the resulting solution is treated as above. In 
favourable cases, 2’6 kg. of seeds tlius treated yield 18*1 grams of alkaloids soluble in 
ether, and 10’59 grams of crude staphisagrine, altogether 1’16 per cent, of alkaloids. 

The delphinine crystallised from ether is purified by treatment wnth the same 
solvent; the uncrystallisablo mother-liquors are evaporated down ; the residue is dis- 
solved in water containing tarlaric acid to separate resinous d(!Composition-product8 
of delphinoidine, then immediately saturated with acid sodium carbonate, and again 
digested with other ; and the residue insoluble therein is dissolved in a small quantity 
of pure chloroform and then mixed wdth a four- or five-fidd quantity of ether, w'hore- 
npon staphisagrine separates out, and delphinoidine is left ou (jvaporation. This last 
base, wlmn pure, is colourless, completely soluble in acidulated w'ater, and dissolves 
in ether free from alcohol, yielding a solution which is not rendered turbid by excess 
of the solvent. To purify the staphisagrine, the contrary method is adopted ; that is 
to say, it is repeatedly precipitated by other from solution in chloroform ; it has not 
been obtained colourless. 

Delphinine, (at 100°). This base crystallises in the orthorhombic 

system, with the axial ratio al h l c= 0*63736 : 1 : 0*80402. Most frequent com- 
bination P . OP . 00 ? 00 . It decomposes at 120° without fusion. At 20° it dissolves 
in 5000 pts. water, 20*8 alcohol of 98 per cent., 11*1 ether, and 15*8 chloroform. Its 
alcoholic solution is optically inactive, and exhibits only a slight alkaline reaction. 
It tastes, at first, purely bitter, but afterwards produces a cooling and benumbing 
sensation. It dissolves in pure sulphuric acid, with faint brownish colour, changing 
to reddish and violet, but does not produce any other conspicuous colour-reactions. 
The OAirockloride has the composition C®H“NO*,HCl,AuCP ; tho mercuriodide. 
VoL. VIII, 6 B 
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C**H”NO*,HI,HgP. From gravimetric saturation-experiments, the composition of the 
sulphate appears to bo 3C*‘-'H“NO«.H-SO< ; that of the nitrate, 3C**H«NO®.2HNO» ; 
of the hydrochloride, 3C’”H**N0",2HC1, but volumetric determinations gave different 
formulae for the sulphate and nitrate. 

Delpbinoidlne, (?) This base dissolves in alcohol in all proportions, 

in water in the proportion of 1 : G475, in absolute ether 1 : 3, and still more 
abundantly in alcoholic ether ; easily also in chloroform. In alcoholic solution it has 
an alkaline reaction, a bitter taste, with after- taste like that of delphinine, and is 
optically inactive. It melts between 110^ and 120° (?) Its colour-reactions are 
those w'hich were formerly ascribed to delphinine. Sulphuric acid dissolves it with 
dark brown colour changing to red-brown. With sugar and sulphuric acid it becomes 
first brown, then green ; with sulphuric acid and bromine- water it produces a splendid 
violet colour. It decomposes during drying. Its platinochloridc, like that of delphinine, 
is very soluble in water, and extremely unstable. The aurochloride has the composi- 
tion C‘"H®’‘X*0^3HCl,2AuCl®. Saturation-experiments gjive for the sulphate the 
formula ; for the nitrate, C‘*H®**N“0^211N0® ; for the hydrochloride, 

C«H'“'N20s2HCl, and for the acetate, 

Delpblsine, (?) This alkaloid, in ono instance, when fresh seeds 

had been used, crystallised from the mother- liquors of delphinine. It resembles 
delphinoidine in its colour-reactions, and is not much less soluble than the latter in 
alcohol and in chloroform, but contains a much larger proportion of nitrogen. 

Stapblsagrlnef is always amorphous, dissolves in 200 pts. of water, 

and 855 pts. of other, and in all proportions of alcoliol and chloroform ; tastes like 
delphinine ; melts at a temperature somewhat abov(f^0°. In alcoholic solution it is 
optically inactive, and has an alkaline reaction. It differs from delphinoidine in its 
colour-reactions, being coloured by sulplairic acid cherry-red to violet, less strongly 
the purer it is — by sugar and sulphuric acid only dirty brown— and by sulphuric 
acid and bromine only faintly and transiently reddish. Nitric acid colours it red to 
brown. Its aurochloride has the composition C■‘'lP“NO^IICl,AuCP; the mercnriodhle 
C'«H®*NO*,IlgP (?) Its other salts, analysed as above, appear to be composed as 
follows: sulphate, (C--*II=‘=‘NO»)-H‘'SO< ; nitrate, ; hydrochlmde, 

C«H"NO»,HCl ; acetate, 

STBRirBlSRGZTlB. See Silver Sulphides. 

STBR&ZXTGZTB. Sec Veumiculites. 

STZXiBEXVB BZiCOBOXiS, « C“lP’'(On)*. Hydrobe7izdins,~Th6 

experiments of Forst a. Zincko and of Zincko a. Breuer on those alcohols have already 
been described in this volume under Du'Hbnyi.e.vr Alcohols (p. 679). The following 
additional results have been obtained by Ilreuer {Inavgural dissertation^ Marburg, 1877). 

The two solid products {anhydrides^ obtained from hydrobenzoi’n and isohydro- 
benzoi'n by the action of dilute sulphuric acid, have the composition (C®H'CII’')''*0, and 
boil at 131° and 100° respectively. They are but slightly acted upon by benzoic and 
acetic anhydrides ; but hydrobenzoin-anhydridc heated with benzoic acidfov seventeen 
hours at 230°-240’, yields the corresponding benzoic ether melting at 240°-243 , and 
with acetic acid at 160°-170° the acetic ether which melts at 134°. The reaction 
with benzoic acid also yields .stilbene, Isohydrobcnzoi’n-anliydride reacts differently 
■with benzoic and acetic acid, yielding stilbene, together with bitter almond oil (recog- 
nisable by its odour), but only very small quantities of ethereal proilucts. With 

>CHC1 

benzoyl chloride, both these anhydrides yield stilbene chloride, (C^H*)®^ | , melt- 

^CSCl 

ing at 192°. Phosphorus pentachloride, heated with hydrobenzoin-anhydride for half 
an hour at 130°, yields chiefly stilbene chloride ; with isobcnzoin-anliydride it yields 
first a chloride, convertible by acetic acid and silver acetate into hydrobenzoin, while 
stilbene chloride is produced only at a later stage of the reaction. Both th® anhy- 
drides, when heated for eight hours at 200° with hydriodie acid and phosphorus, are 
converted into di benzyl (m. p. 61°-52°). Both, when treated with chromic and 
glacial acetic acid, yield, as chief product (together with benzoic acid), a body having 
the composition which dissolves sparingly in hot alcohol, and crystallises 

therefrom in small felted needles melting at 155°, easily soluble in benzene, slightly 
in petroleum-ether. This body, heated for 12 hours in a sealed tube at 200° with 
hydriodie acid and amorphous phosphorus (1 gram of substance, 0-6 phosphorus, and 
2*5 hydriodie acid), yields, together with dibenzyl, a substance melting at 144°-i46°, 
and separable from the dibenzyl by distillation with steam, in which it does not 
volatilise. This last substance appears to have the composition and to be 

formed as a thitd oxidation-product of tho anhydrides. 



STORAX— STRENGITB. 1827 

The liquid product, diphenylaoetaldehyde, (C®H*)*CH — COH, obtained from hydro- 
benzoi'n and isohydrobenzoin by the action of dilute sulphuric acid (p. 681), boils at 
315^, and gradually decomposes on keeping. It dissolves in acid potassium sulphite, 
forming a crystalline compound which, how'ovor, is very unstable, and has not been 
obtained pure. It reduces an ammoniacal silver solution, and is converted by oxida- 
tion with moist silver oxide, potixssium permanganate, and chromic acid, into bonzo- 
p hen one, benzoic acid being also produced when permanganate is employed as the 
oxidiser. With alcoholic potash svt r20*-130°, the aldehyde yields benzhydrol, 
together with dipheuylmcthane and diphenylacetic acid. 

The above-doscribeil anhydrides and aldehytlo are also produced by heating the 
hydrobenzoi'ns in alcoholic solution with zinc chloride and hydrochloric acid at 130°- 
150° (Jlreuor). 

Stllbene Sulplildei also called Stdphostilbene, separates, according to 

Barbier {Ann. Chim. Phys. [5], vii. 522), from the products of the dry distillation of 
benzyl sulphide, (G^1P)*S, which have been used for the preparation of stilbone 
(p. 676). It forms light white needles melting at 168°- 169°, unites with picric acid, 
forming red opaque needles, and with Fritzscho’s reagent, forming light yellow rhombic 
lamella?. According to Forst, the sulphur-compound obtained as above is not stilbene 
sulphide, but probably impure tolyl-allyl sulphide, (C“H*.C)*S. 

STZ&BZTB. See Zeolites. 

STORAX. The constituents of liquid storax have been investigated by W. v. 
Miller (N. Rep. Pharm. xxiv. 1 ; ^ier. ix. 274 ; more fully, Liehig^s Annalen, clxxxviii. 
184 ; clxxxix. 338). This subst*ance contains, in addition to the previously known 
constituents, styrolene, cinnamic acid, and styracin (i. 497, 986), the following bodies : 
(1). Phony 1-propyl cinnamate in somewhat considerable quantity ; (2). Ethyl cin- 
iiamate in small quantity ; (3). A crystallisablc substance combining with acid sodium 
sulphite, smelling like vanillin, and melting at 65° (ethyl-vanillin ?) in very small 
quantity ; (4). A resinous body, whose composition could not be dcjterrnincd, accom- 
panying the last in moderately largo quantity; (5), Two alcoholic bodies (o- and j8- 
storesinol) in very considerable quantity ; (6). The cinnamic ethers of those alcohols 
in not inconsideiablo quantity ; (7). The sodium-derivative of storesinol in very small 
quantity. 

Styrolene from liquid storax, and ciimameno from cinnamic acid, are regarded by 
V. Miller as identical; van ’t Hoff’s styrocamphem {Bull. 8oc. Chim. [2], xxv. 175), 
dcscrihed as a Imvogyrate substance having the composition or C'®IF®0, is 

perhaps not an original constituent of storax, but is formed subsequently by decom- 
position of phenylpropyl cinnamate. 

Tratbig of Liquid Storax . — To detect the presence of turpentine, IT. Hager 
{Zeitschr. anal. Chem. 1874, 247) mixes the liquid storax in a test-glass with half its 
volume of absolute alcohol, and agitates the mixture repeatedly with several times its 
volume of petroleum-ether. If the storax is pure, the residue loft on evaporating this 
solvent is colourless with a bluish opalescence, and has a pleasant odour, but in 
presence of turpentine it is yellowish, and has an unmistakable odour of that sub- 
stance. With good liquid storax the residue amounts to about 50 per cent. ; if it 
exceeds this proportion, tlio presence of adulteration may bo suspected. 

STORESZXZOB* = C“'dl*®(OH)®, is the residue loft after exhausting 

liquid storax successively with caustic soda, cold alcohol, cold petroleum-ether, and 
hot petrol oum-cthcr. It melts between 160° and 168°, and is oxidised in glacial 
acetic acid solution by chromic acid, with evolution of carbon dioxide and formation 
of three acids not yet examined. With acotyl chloriilo it yields a mono- and a tri- 
acetyl derivative. Bromine converts it into a bromide having the composition 
C»«H«Br®. 

STBBfflTGZTB. This mineral occurs in an isolated ironstone and psilomelano- 
block ill the silicious slate of the great brown iron-oro deposit of Diiiisberg, near 
Giessen, in globular, roniform, and radio-fibrous aggregations, having a drusy surfiice 
and often accompanied by very fine cacoxene. Rarely isolated crystals aro found, 
possessing a strong vitreous lustre. These crystals aro transpirent or translucent, 
red in various shades (pomegranate-red and carmine-red), also white, and occasionally 
colourless ; streak yellowish-white ; hardness 3-4 ; sp. gr. 2'87. Before the blowpipe 
the mineral fuses easily to a black, shining globule, colours tlio flame bluish-green, 
anil gives the reactions for iron. On heating it in the matrass, much water is evolved, 
whilst hydrochloric acid dissolves it easily, especially when hot, but it is not easily 
attacked by nitric acid. In order to obtain pure material for analysis, selected portions 

6b2 
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of the mineral wore treated with stannous chloride solution, which dissolved out the 
brown iron-ore and left the small isolated crystals of strengite behind. An analysis 
of these showed the mineral to have the following composition : 

Fe"0» P»0' H“0 

43*18 37*42 19*40 = 10000 

from which the formula Fe*0’P®0* + 411-0 is obtained. Strengite belongs tlieroforo 
to the sjime class of minerals as scorodite, (Fc’'0*As'‘‘0‘‘ + 4H'*‘0), and the barrandito of 
1 **Fo-0 * ) 

Ton Zepharovicli, c + 4H*0 ; it crystallises in the rhombic system, the 

forms observed in combination being oo P oo . oo f 2 . P . mf oo • tho latter could not 
l)e accurately determined. Cleavage indistinct, parallel to oo Poo, a pearly, vitreous 
lustre characterising^ tho cleavage-planes. The habit of isolated crystals is ‘ thin- 
tabular’ through 00 Poo, but tho commonest occurrence is a sheaf-like aggregation on 
which only the faces of P are visible. Numerous measurements of the crystals were 
made, with the following results : 

Angle of tho terminal edge of P in tho macrodiagonal = 102® 14' 

„ „ „ braehydiagonal = 115® 8' 

Anglo of tho prism = 118° 36' 

Mean ratio of tho lengths of the axes obtained from the above measurements, 
a : 5 : (? = 1 : 1*1855 : 1*1224, whence are calculated the angles as follows, viz. : 

Macrodiagonal terminal edge of P = 101° 38' 

Prachydiagonal „ „ =115° 36' 

Lateral edge of P . , »•: = 1 1 1® 30' 

These calculated angles agree very closely with tho measurements obtained with 
scorodite by Breithaupt, Miller, von Zeparovich, von Kokscharow, and vom Bath, 
viz. : 

Macrodiagonal terminal edge of P = 102® 28' 

Braehydiagonal „ „ =114® 28' 

Lateral edge of P . . . = 111° 42' 

It appears, therefore, that strengite and scorodite are isomorphous. Their re- 
somblanco in form and occurrence is very striking, and their complete isomorphism 
may be regarded us a further proof of the close analogy of arsenic acid and phosphoric 
acid to each other. They are probably the final members of tho scries of phosphatic 
minerals to which pyromorphite and mimetesite belong (A. Nies, Jahrb, f. Min, 
1877, 8). 

STRZGOVZTIS. This mineral occurs at Striogau in Silesia. An analys'S by 
Websky {Jahrb. f. Min. 1874, 302) of a specimen from a recently opened druse gave : 

SiO» ArO* FcO MnO CaO MpO H*0 

28*425 16*604 11*432 26*211 7*247 0*364 0*364 9*309 = 99*956 

Neglecting tho slight excess of water over 2 mols., tho empirical constitution of 
strigovite dried at 100® is in which (M"y^ = p^-1- J(Mn, Ga, Mg), 

and = §A1 + JFo. Among species nearly allied to strigovite, Websky enumerates 
aphrosiderite from Weilburg; dclessito from (Ir^vo, near Mielin ; cronstedtite 
from Przibram; thuringite from Beichmannsdorf and Schmiedefeld, and owenito 
from the Potomac river. 

STROMZSYZSRZTE. A silver-copper glance, forming the principal ore of a 
mine on the Iloyada, in tho north of the province of Catamarca, Argentine Republic. 
It occurs, partly with small quantities of copper pyrites and galena, intorgrown in 
tile-ore, partly in the interior of nodules consisting externally of clirysocolla with a 
small quantity of ceriisite. An analysis by Siowert gave : 

Ag Cu S Insol. Sp. gr. 

52*60 • 31*61 14*38 1*07 = 99*66 6*15-6*19 

(A. Stelzner, Min. Mitth, 1873, 250). 

STROMTTZAIVZTS. H. Laspeyres describes crystals of strontianite (strontium 
carbonate) from Hamm, in Westphalia, which, contrary to the usual acuminated forms 
of this mineral, exhibit obtuse pyramids and bnichydromes {Jahrb. f. Min. 1876t 
431). According to F. Hessenberg (ibid. 1870, 626), nineteen forms are observed on 
strontianite, whereas on the isomorphous mineral, aragonite, only flftoon can ho 
recognised. Sandberger {dnd, 589] describes strontianite as the petrifying material 
of an ammonite from the liroconite of Wasseralfingen. 

STROWTZUM, This element has been detected in the sun’s atmosphere by 



STROPHANTIN— STRUVITE. 


im 


C. A. Young (Sill Am, J. [3], iv. 356). It exists, together with barium, in all 
primary rocks, in sufiRciont quantity to be easily determined in a single gram of fel- 
spar, mica, gneiss, granite, or syenite (Dioulafait, Ann. Ghim. Fhys. [5], xv. 630 ; 
Chm. Soc. J, xxxvi. 444). Sea-water also contains strontium, both as carbonate and 
as sulphate, and when it is evaporated, either spontaneously or with the aid of heat, 
the strontium carbonate is precipi tilted, together with the calcium carbonate and ^ 
sulphate, whilst the deposits of sodium chloride and those from the mother-liquors 
are free from it. From the sea-water it passes and has passed into the shells of con- 
chy I ia, recent and fossil, which, as wfll as the gypsums of varioim formations, 
all contain strontium. Strontium has also been detected in certain mineral springs, 
and may be assumed to exist in all, since, according toDieulafait, these springs derive 
their saline constituents chiefly, and in most cases exclusively, from the sedimentary 
rocks, all of which, being deposits from ancient seas, contain strontium (^Comyt, 
rend. Ixxxiv. 1303). 

Preparation and Properties of the Metal. — ^Benno Franz {J. pr. Chem. evii. 263) 
has prepared strontium in considerable quantities by heating an amalgam of the metal 
in an iron crucible through which a stream of well-dried hydrogen is passed. The 
strontium then remains in the form of a fused cake, easily removable from the 
crucible. The strontiiim-amfilgam is prepared by heating a saturated solution of 
strontium chloride with sodium-amalgam at 90°, repeating this treatment several 
times, then washing tlio resulting strontium-amalgam well with water, and drying it 
thoroughly between bibulous paper. 

Strontium prepjircd as above is a faintly yellowish metal which resembles barium, 
and may with moderate facility bo beaten out into thin laminm. In contact with the 
air it oxidises rapidly, with grc*A evolution of heat, and burns away with omission of 
sparks. It melts at a moderate red heat, but does not volatilise even at a bright red 
heat. Sp. gr. = 2*4. 

Esthmtion and Separation. — On the estimation of strontium as sulphate, see 
y. Schweitzer (Proceedings of the American Association for the Advancement of 
Sciencej 1877). Strontium sulphate dissolves on the average in 8,000 pts. of cold 
water ; but the solubility varies, according to circumstances, from 7,600 to 10,288 pts. 
water. 

On the separation of Strontium from Jkirium as Chromate, see Bauium (p. 142). 

Oxides. — Strontia, SrO (also lime and baryta), may bo obtained in crystals be- 
longing to the regular system by heating the nitrate (16 to 20 grams) in a covered 
porcelain crucible placed in a coke fire. The crystals thus obtained cleave parallel to 
the cubic faces, and the beat specimens are perfectly transparent. The specific gravities' 
and specific volumes of the three crystallised oxides are as follows : 

CaO SrO BaO 

Specific gravity 3*261 4*760 6*722 

Specific volume 17*225 21*789 26*739 

The A’alues for strontia are very nearly the moans between those for lime and baryta 
(Briigelmann, Wicdermaniis Annalcn, iv. 277). 

Hydroxide, SrffO^. — On the Heat of Formation of this Compound, sec p. 969 ; 
on the Heat of Formation of the Hydrate, SrH-0‘*-t 9H'0, see p. 982 ; on its Heat of 
Solution, p. 1001. 

The dry hydroxide is not attackAl by chlorine, but the liydrates with 6 and 8 
mols. water of crystallissition are converted by chbuine into chlorate and chloride of 
strontium, together with a small quantity of hypochlorite (Konigel, Woisberg, Ber. 
xii. 611). 

The peroxide, SrO*, is formed when strontium carbonate is heated in a platinum 
crucible only so far as to make the bottom cf the crucible red-hot ; at a higher tem- 
perature it is decomposed. The carbonates of calcium and barium are converted by 
similar treatment into peroxides, that of barium having a yellow colour (II. Struve, 
Zeitschr, anal. Chem. 1872, 22). 

On the Industrial Uses of Strontium-Compounds, see Bicdermann (Hofmann's 
Entwickelung der chemMicn Industrie, ii. 614). 

STROPBANTZXr. A poisonous substance extracted from the seeds of Stro~ 
phantus hispidus, which are used in Africa as an ordeal. It forms colourless crystals, 
soluble with neutral reaction in water and alcohol, and not exhibiting the properties 
either of an alkaloid or of a glucoside. The seeds also contoin a iion-poisonous 
alkaloid called ineine (Hardy a. Gallois, Compt. rend. Ixxxiv. 261). See also 
T. B. Fraser (Arch, Pharm. [3], iii. 229). 

STRUVZTB. Native ammonio-magnosium phosphate, (Nn*)*Mg*P*0» 12aq. 
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(iv. 570). The occurrence of this mineral in an old dung- pit at Brunswick is noticed 
by E. J. Ottmer {.Tahrh,/. Min, 1873, 400) and by R. Otto {Ber, 1873, 783). Ac- 
cording to A. Sadebock {Min, Mitth. 1877, 950), the axial ratio’ a : 5 : c = 
0*5567 : 1 (^9121. The cleavage according to OP is more distinct than that according 

to the bracliydiagonal, which has hitherto been regarded as the principal direction of 
cleavage. Twins occur according to OP, the individual crystals being grown togeth<!r 
sometimes at the upper, sometimes at the lower end. From the results of corrosion- 
experiments, it appears that struvite is not hemiliedral. 

STRTCmmrs, Detection . — For the detection of strychnine in 

chemico-legal investigations, J. St. (Jlair Gray (Zcitschr. anal. Chem. 1873, 125) 
triturates the suspected substances with water to a pulp, mixes this with excess of 
acetic acid, digests the mixture at 27® for about twenty-four hours ; and then pours 
it into a dialyser. After forty-eight hours, the dialysate is evaporated down to a 
drachm and repeatedly shaken with chloroform. The aqueous solution is then made 
alkaline with ammonia, and again agitated with chloroform, and the residue left on 
evaporation may be examined for strychnine by the usual tests. According to 
J. B. Lyman {ibid, 126), potassium permanganate, silver oxide, and hydrated man- 
ganese dioxide produce with strychnine the same colour-reactions ss cliromatos, and 
in many respects are even superior to the latter as tests for that alkaloid. 

On the detection and separation of Strychnine in mixtures of Alkaloids, see Plant- 
Bases (p. 1635). 

Eeactiofii of Strychnine with Nitric Acid. — When strychnine is added to nitric acid, 
and the liquid — on completion of the reaction, which is attended with copious evolu- 
tion of nitrous fumes— is diluted with water, an amorphous body is thrown down, the 
solution of which in glacial acetic acid deposits, itftcr dilution, a basic substance, 
perhaps consisting of ni trostrychnine. When strychnine is boiled for some time 
with strong nitric acid, and the solutionis concentrated by evaporation, it deposits a 
crystalline acid having the composition which melts with decomposition 

above 300®, and forms red amorphous salts (R. Schiff, Gass, ckim. ital. viii. 82)'. 

Strychnine Trl-lodlde, prepared by triturating 2 pts. strych- 

nine with 1 pt. iodine, and crystallising the mixture from alcohol, forms violet needles 
resembling potassium permanganate, and is identical with that described by Tilden, 
and probably also with that obtained by Tlerapath (v. 441). It is unstable in solution, 
but in the solid state it may be heated without alteration to 135®. It dissolves with 
rod colour in nitric and sulphuric acids, and when heated with alcoholic iodine-solution, 
appears to be converted into a higher iodine-compound (H. K. Bauer, Arch. Pharm. 
[31, V. 289). 

Polyhydrosulphide, Hofmann, who obtained this compound 

by mixing a cold-saturated solution of .strychnine in strong alcohol with an alcoholic 
solution of ammonium sulphide containing free sulphur, assigned to it tlio formula 
C‘'ir*‘'N‘‘0*,H'‘'S* (vi. 1040). E. .Schmidt {Bcr. v. 1267) found that an alcoholic 
solution saturated with hydrogen sulphide deposited after some time orange-red 
needles, to which he assigned the formula 2C*'I1"*N‘0‘,3IH.S2. Ilofinanti, however 
(7?er. X. 1087), finds that the compound prepared by .Schmidt’s metlnxl is identicsil in 
colour, composition, facility of decomposition, and chemical behaviour in giaieral, 
with that obtained hiy his own. To determine which of the two formulae above cited 
is the true ropresentativo of its composition, ycighed quantities of the compound 
wore treated with a solution of arsenic trioxide in liydrocliloric acid, and the resulting 
precipitatas were weighed and analysed ; moreover, the polyliydrosiilphido was de- 
composed with a solution of lead acetate in glacial acetic acid, and the resulting bljick 
precipitate was weighed. Numerous analyses showed that the arsenic precipitate has 
the composition As^H"*, and is formed in quantity corresponding with the equation 
3H*S® + As*0* = 3H'“0-f and that the lead precipifeito has the composition 

PbS®. Hence Hofmann now represents the polyhydrosulphide by the formula 
(C**H*’*N*0*)2H*S*,' which agrees very closely with the results of the elementary 
analysis. The compound is probably however not a salt of the acid H*S*, for Although 
when decomposed by acids it yields a clear oil having a peculiar odour, and agreeing 
in its essential properties with hydrogen persulphide, it does not, on the other hand, 
yield by double decomposition any compounds that can be regarded as salts of the 
acid IPS®. The polyhydrosulphido is most probably analogous in constitution to the 
periodides, and may perhaps be formulated as 2C®‘H'"N®0'‘*,H*S*,.S^, in which case the 
oil separated from it by acids must be regarded as a solution of the additional sulphur 
in hydrogen disulphide. E. Schmidt, also {Ber. x. 1288). now admits the identity of 
Hofmann’s polyhydrosulphide of strychnine, prepared by means of hydrogen sulphide, 
with his own compound obtained with ammonium sulphide, and attributes the inferior 
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stability of the latter to the circumstance that it sjjparates in loss compact crystals, 
which aro, therefore mere easily attacked by reagents. Compare Bhtjcine Hyuiio- 
SULPHIDES (p. 363). 

Hydrates of Strychnine or Hydrostrychnlnes (Cal a. Etard, CoiwpU rend. 
Ixxxvii. 362). Strychnine takes up 2 and 3 mols. H'-O, forming compounds wliicli act 
as distinct bases, uniting with acids to form crystallisablo salts. They arc forme^f 
by heating finely pulverised strychnine with ton times its volume of cold-saturated 
solution of baryta for about forty hours at 136®-! 40° in sealed tubes freed from air 
as completely ns possible. The liquid freed from baryta by carbon dioxide, filtered 
in a stream of that gas, and distilled in a vacuum, finally deposits white crystals of 
dihydrostrychnine, which may be purified by 

recrystallisation from water. This compound forms microscopic prisms, dissolves 
easily in hydrochloric acid, forms a well-cryshillised hydrochloride, and a sparingly 
soluble tartrate which also crystallises well. Trihydrostrychnino, = 

C'-*'H“N‘''0“,3ir‘*0, conbiined in the mother-liquors of tlie preceding compound, forms 
yellowish prisms, and yields a well-crystallised tartrate. 

Both these bodies are moderately stable in the solid state, but extremely liable to 
alter in solution, especially the tri hydro-compound, so that in their preparation, &c., 
it it necessary to protect them from the air as completely as possible. Both of them 
give a specular deposit with silver nitrate, and r(‘ducc the chlorides of gold and 
platinum, with violet coloration. They do not give the strychnine reaction with 
sulphuric acid and potassium chromate. They appear to possess the character of 
aldehydes, as is further shown their behaviour with sodium bisulphite, and they 
are probably identical with Schiitzonbergor’s oxy- and dioxystrychniuo respectively 
(iv. 320). 

STHYCBHOS. The fat extracted by ether from the seeds of Strychms Nux 
vomica consists of the glycerides of oleic, paimitic, capric, caprylic, caproic, and butyric 
acids, and that of an acid containing 76 89 per cent, carbon, and having a melting 
pofiit higher than that of stearic acid (F. Meyer, Russ. ZeUsekr. Pkarm. 1876, 
417, 449). 

STTGSRZH, OTI‘203 - CnP.CHOH.CHOII.Cn^OH. Syn. with Phbnyl- 
OLYCKWOL (p. 1662). 

STTPHHZC ACZH, C‘*II(NO-)’(OII)*. Syn. M'ith Tbinithoresobcinol 
(p. 1760). 

STYRACIN, STYRYK CZNNAMATS, or CXNNYXi CZNNAMATE, 

This compound is contained, 
together with styrolcnc, free cinnamic acid, and other boilics, in liquid slorax, anil 
may bo separated therefrom by methods already dcscril^ed (i. 986). W. v. Miller 
(A". Rep. Pkarm., xxiv. 1), after distilling offtlio styrolene with vapour of water, beats 
the resinous residue on tlic watcr-batli with one-tentli of its W’cight of crystallised 
sodium carbonate, till the mass no longer froths; decants the aqueous solution which 
contains the greater part of the free cinnamic acid in the storax ; heals the residue 
with a solution of 1 pt. caustic soda in 40 pts. Wtater to remove the njst of the cinnamic 
acid, and free the styracin from the greater part of the resin ; treats the residue with 
cold alcoliol, and crystallises tlio portion insoluble therein from hot alcohol. The 
crystals of styracin thus obtained are purified by pressure between filter-paper and 
further treatment with cold alcohol, which removes any portion of rosin that may 
still adhere to them. The styracin thus obtained melts at 44°. It unites with 
bromine, yielding a di bromide and a tetrabromido, the latter in the form of a 
resin which has not been obtained pure. The constitution of styracin and its two 
bromine-compounds may be represented by the following forinul® : 
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Styrolene. DibromMe. Tetvabroinide. 


The dibromide is converted by reduction into phenyl-propyl cinnamate 
[pbonyl-acrylate], C*H*.CH:3:0H.C00C*H®(C®1I*), and the tetrabromido into plienyl- 
propyl phonylpropionate, C®H®.Cn*.CH®.COOC*H®(C“H®). Styracin itself is 
but little inclined to take up hydrogen. 

The action of bromine on phenyl-propyl cinnamate in ethereal solution gives rise 
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to phenylclibromopropyl cinnamate, C*H'.COOCWBr*(C‘‘II*), and other pro- 
ducts still richer in bromine. By the prolonged action of bromine-vapour, phenyl- 
propyl cinniimate is converted into styracin tetrabromidc (W. v. Miller, Liehig'8 
Anncden^ clxxxviii. 184). 

BTTROCAMPBEirS. See Stoiiax (p. 1827). 

STYBOXifiirS, C*iP. Syn. with Cinnamenk (p. 497). It is formed, together 
with benzene, naphthalene, pheuanthrene, and anthraceno, by passing a mixture of 
ethylene and diphenyl vapour through a pc^/cclain tube heated to bright redness 
(Barbier, Compt. rend. Ixxix. 660). On its occurrence in Storax, see p. 1827. 

A compound of slyrolene with acid sodium sulphite^ C^ll^NallSO", is formed by 
heating 1 mol. styrolene (from cinnamic acid) for several hours with a solution of 
1 mol. of the acid sulphite (concentration 2 : 5), best at about 120®. It crystallises 
from water in nacreous laminm, melts at 306®, dissolves easily in water and in hot 
alcohol, and is soluble also in ether. Styrolene obtained from liquid storax, or by 
distillation of niotastyrolono, appears to react with sodium bisulphite somewhat 
(lilfereiilly from that which is prepared from cinnamic acid, yielding, when heated 
with the bisulphite solution at 110®, small quantities of crystals different in appoaranco 
from those above described ; moreover, the most favourable temperature for the 
formation of the crystals in the preparation from styrolene obtained from liquid storax 
or from metastyrolene is about 155® (W. v. Miller, K Bep. Pharm. xxiv. 31). 

STYROXiSirB AliCOHOXi, = O^iP.CHOH.CH-'OH. Syn. with Phenyl- 

OLYCOL (p. 1563). 

SUBERIC ACZD8, C^IP^O*. Ordinary suberic acid (m. p. 140®), originally 
obtained by oxidising cork with nitric acid, is also proffttced by the action of fuming 
nitric acid at temperatures not exceeding 110®, on paraffin (p. 1489). 

The two following acids, isomeric with* it, have been obtained synthetically : 

CH».CH*.CH.CO-]I ■ , 

(1). Diethyl-succinic acid, I . The cthylic ether of this acid 

cn*.cmcH.cO'Fi 

is obtained by heating ethyl a-bromobutyrate or o-iodobutyrat<' at 120®-! 30° in a sealed 
tube with tinely divided silver and methyl iodide, wdiich latter assi.sts the reaction, but 
takes no direct part in it : 

CH*.CU*.CHBr.C02C^H* ) CH®.CIP.Cn.CO*C«H» 

[ + Ag- = 2AgBr + I 

CH>.CH'^CHBr.CO*C2H» j CIP.ClP.CH.CO*C*K' 


It boils, after rectification, at 233®-235° (C. Hall, liar. vi. 28). 

(CH*)*C.CO'-'JI 

(2). Tetramethyl-succinic acid, | . The ethylic ether of this 

(CH»)*O.C()*H 

acid is produced in like manner from ethyl broniisobutyrate : 


(CH=«)-^CBr.CO*C’^H* 

(CH»)'*CBr.CO'-'C'-H\) 


(ClI)*C.CO“C2H» 
4 Ag- = 2AgBr 4- I 

(0H»)*C.CO2OTl» 


By subjecting the product to repeated fractional distillation, the cthylic tetramcthyl- 
succinate is obtained as a liquid boiling at 230°-231® (uncorr.), and having a sp. gr. 
of 1*012 at 0°, 1*0015 at 13*5®. The suberic acid obtained from it forms, after three 
crystallisations from hot w’ater, small, hard, frequently spherical groups of crystals, 
apparently consisting of quadratic tablets with pyramidal summits. It melts at 95^, 
and resolidifies at a somewhat lower temperature. It is not volatile at ortlinary 
temperatures, very slightly at 100®, but sublimes at higher temperatures in broad 
feathery laminae. It is extremely soluble in alcohol, ether, and hot water, less soluble 
in cold water, 100 pts. water at 11® dissolving 2*2 pts. of it. The ammoiiium, potas- 
sium^ and sodium salts Me also very soluble ; the barium^ calcium^ and lead satfs are 
white bulky precipitates ; the copper salt is a bluish-green precipitate ; the silver salt 
a white precipitate which quickly turns brown on exposure to light, and dissolves in 
2,500 pts. water at 10® (Hell a. Wittekind, Ber. vii. 319). 

CH^.COOH 

8UCCZWZC ACID, = | . This acid has been found in the 

CH*.COOH 

juice of unripe grapes gathered in June (Brunner a. Brandenburg, Ber. ix. 982); also 
among the products of the schizomycetic fermentation of mannitol (p. 777)i and in 
urine after asparagus has been eaten (Hilgcr, Liebig's Annalen, clxxi. 208). 

Succinic acid is formed : a. By the oxidising action of dilute nitric acid on normal 
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Lutyric acid, and, together with acetic acid, by the action of the same acid on normal 
caproic acid ; but in both cases, unless special precautions are taken, the iictioii goes 
further, and tlio succinic jicid is oxidised to carbonic acid and water (Erlenmeyer, 
Sigol a. Belli, /Jer. vii. 696). /8. By heating ethyl chlorocarbonate, bromacetic acid, 
and finely divided silver in molecular proportions at 130° in a sealed tube. The 
reaction takes place according to the equation : 

2(CH‘^Br.CO-H) + Ag-* = 2AgBr + C'^H^(C0“H)2, 
the clilorocarbonic other taking no direct part in it, but being resolved into CO* and 
C*H*C1. A fetid brominated liquid is formed as a secondary product (A. Stolzncr, 
^er. vi. 181). 

The preparal ion of succinic acid from ethylene cyanide by decomposition with 
alcoholic potash (Simpson’s method, v. 454) takes a long time when large quantities 
of material ar(5 operated on ; and, according to Jungfleisc.li (Jfull. Soc. Chim. [2], xix. 
197), the conver.sion of the ethylene cyanide into succinic acid may be much more 
quickly effected by gradual addition of nitric acid diluted w’ith an equal bulk of water : 

C-II'(CN)- + 2mm + 4U»0 = 2(NO*.NIIO + C*H\CO=Il)*. 

The use of nitric acid has the further advantage of decomposing colouring matters 
which would otherwise contaminate the product. 

Rmetious. 1. Succinic acid, like other diatomic bibasic acids, is converted by the 
action of acetyl chloride, benzoyl chloride, succinyl chloride, and acetic anhydride into 
the corresponding anhydride, the reac.tions being represented by the following general 
equations : 


I. 

.,,,COOH 
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-t. R'COCl 
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In this manner succinic acid and isodibromosiiccinic acid a ro easily converted into 
anhydrides by acetyl chloride at ordinary temperatures; isosuccinic aciil, 
CH“.CH(00-H)*, and ordinary dibromo.succinic acid, arc not attacked ; succinyl 
iddoridc and succinic acid y\M succinic anhydride ; and acefio anhydride^ heated for 
several hours in scaled tubes (mostly at 125°-150®) with succinic and isodibromo- 
siiccinic acid, converts them into their anhydrides. Ordinary dibromosuccinic acid, 
heated with Jicetyl chloi’ido, yields acetyl bromide, acetic acid, and monobromomaleic 
anhydride (Anschiitz, Ikr. x. 325, 1881). 

On the reaction of Succinic acid with Paraphevykncdiaminc, see Phenylene- 
ni AMINES (p. 1560); with Phthalia Anhydride (p. 1615). 

SUGARS. Distribution in Plants. — V. Jodin {Ann. Chim. Phys. [5], 491), from 
a comparison of the known facts relating to the distribution of sugars in the vegetable 
kingdom, has arrived at the following conclusions : 

1. A great number, if not all, the plants belonging to the higher classes contain, 
distributed through their organisms, sugar consisting of a mixture of saccharose and 
inverted sugar. 

2. In the same plant the average amount of sugar in the leaves is very small, but 
it atfciins its maximum in the flowers, fruits, stems, and roots, whicli possess the 
chlorophyllic function in a slight elegreo only. 

3. The smallness of the quantity of sugar in the leaves cannot bo regarded as 
evidence against the direct production of sugar by these organs. 

4. The constant presence of a certain quantity of sugar in fungi appears to prove 
that the glycogenic and chlorophyllic functions are ind(;ptndcnt of each other. In the 
green leaf these two functions exist together, but are not mutually ilepimdcnt. 

The quantity of sugar cont-aiiied in the* nectar’ of various flowers (the sw’cet-tasting 
liquid secreted within the cups of flowers which are fertilised by insects) has been 
determined by A. S. Wilson, with the following results : 

Totiil Fruit- Caiie-8u?ji.r 

mRin. supar (as fruit-) 

1. Fuchsia, per flower .... 7‘59 1T>9 6'9 

2. Clayionia Ahindidcs, (litto . . . 0*413 0*175 0*238 

3. Everlasting pea, ditto .... 9-93 8*83 1-60 

4. Vetch (F/ewt CVacm) per raceme . . 3*16 3*15 0*01 

5. Ditto, per single flower .... 0*158 0*158 — 

6. Hod clover, per head .... 7*93 6 95 1*98 

7. Ditto, per floret 0*132 0*099 0*033 

8. Monkshood, per flower .... 6*41 4*63 1*78 
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SacoharoiOp Cane-sug^r, Beet-augrar. This kind of sugar exists, together 
with dextrose^ in vine-leaves. In one experiment a kilo, of the lesives yielded 9*2 g. 
saccharose and 26*5 g. dextrose; in another, more quickly carried out, 16’80 sac- 
charose and 17-49 glucose. Cherry and plum leaves were also found to contain both 
kinds of sugar ; 1 kilo, of plum -leaves gave 33 g. saccharose and 12 g. dextrose (Petit, 
Compt. rend. Ixxvii. 944). Researches on the distribution of saccharose in the sugar- 
beet have been published by C. Violet te {Compt. rend. Ixxix. 899 ; Ann. Chim. Vhys. 
[5], iii. 646 ; Chem. Soc. J. 1876, 376). 

Specific Gravity. — According to Maumen^ (Z?wW. Soc. Chim. [2], xxii. 23), the 
specific gravity of cane-sugar is 1-6961 at 16°, whereas former determinations gave 
1*606 (v. 470). The dissolution of sugar in water is attended with diminution of 
volume, unless the sugar and water are brought together in equal proportions by 
weight. With excess of water, contraction takes place ; with excess of sugar, expan- 
sion ; both however in small proportion only. 

Solubility in Water. — According to Courtonno mirf. Ixxxv. 959), 100 g. 

water at 12-6^ dissolve 198*547 g. cane-sugar, a result agreeing very nearly with the 
proportion 1 : 2 found by Rcrthelot and by »Sclieiblor, not witli Maumon5’s result 
(1 : 3). At 45^, 100 g. water dissolve 215 g. sugar. 

On the Crystallisation of Cane-sugar on the largo scale (preparation of sugar-candy), 
see Weitz {Dingl. ccxxxi. 452 ; Chem. Soc. J. xxxvi. 844). 

Beacticyne. — 1. When well-dried nimnonia-gas is passed over perfectly dry sac- 
charose, the sugar becomes opalesceni, at first, and viscid after about twelve hours. 
The maximum amount of ammonia tikcn up is 7’83 per cent, by weight of the sugar, 
but part of this is given off when the strength of the current of gas is diminished, and 
when the sugar is exposed to the air, the increase of weight sinks to 1-2 per cent. 
After three months the sugar was found to retain 0-37 per cent, ammonia, and to have 
a strong bitter taste (H. Laborde, Compt. rend. Ixxviii. 82). 

2. Cotiverdon into Glucose. — Experiments by Ji. Pellet {Ann. Chim. Phy.H. [5], 
xiii. 394) on the action of various substances on cane-sugar as influenced by temper- 
ature and the duration of the action, have led to the following conclusions : 

(1) . Under the influence of heat, wojik solutions of saccharose alter more rapidly 
than concentrated solutions. 

(2) . Glucose assists in the transformation of sacch/iroso into glucose, in propor- 
tion to its pre-existing quantity, but its action becomes nil when tlie sugar-solution is 
saturated (Gunning). 

(3) . Mineral salts act strongly on .saccharose at a certain temperature. Chloride 
of potassium appears to bo more energetic in its action than the nitrate. Ammonium 
nitrate has a very energetic action. By boiling for thirty minutes a mixture of 100 
c.c. of water, 10 grams of sugar, and 5 grams of animoniun nitrate, all the sugjir is 
transformed into glucose. 

(4) . Organic salts have a very weak action. 

(5) . The quantity of glucose found in the mola.ssos from the refinery is determined 
by the total influence of time, heat, and mineral stilt.s, in addition to the quantity of 
glucose pre-exi.sting in the unrefined .sugar. 

3. Inversion and Fermentation. — Cane-sugar is readily inverted by certain fer- 
ments, such as Penicillium glaucuiti emd Aipergillus niger \ several specie.s of Miwor, 
however {M. mucedo^ M. circinell’didcs, &c.), have no action upon it. Two species, 
M. spinosus and M. circinelldides^ resemble one aifother in their action on beer-wort, 
but the second is much the more active. When these bodies are placed in liquids 
destitute of free oxygen, tlieir mycelium takes the form of cells which multiply with 
great rapidity ; the mycelium, however, reverts to the ordinary form directly the liquid 
is aerated. In solutions of dextrose and levuloso, alcoholic fermentation is set up, as 
in beer-wort, but in a solution of cano-sngar there is no fermentation ; if, however, 
spores of Torulas, or of any other ferment capfible of inverting cane-sugar, be added, 
the ordinary alcoholic fermentation commences. Honen it appears that cane-sugar is 
not directly fermentable (U. Gayon, Compt. rend. Ixxxvi. 62). 

Detection. — To detect sugar in glycerin, R Bottger {Zeitschr. anal. Chem. x. 
608) mixes 5 drops of the glycerin with 100 drf)p8 of distilled water, 1 drop of nitric 
acid of sp. gr. 1-3, and 30 to 40 mg. ammonium molybdate, and boils the mixture. 
If sugar IS present, the liquid assumes a deep blue colour. 

Estimation. — 1. By Ferric Chloride. The property of sugar to prevent the 
precipitation of ferric chloride by fimmonia may bo made available for the estimation 
of sugar. 100 milligrams of iron in the state of ferric chloride require 2 687 g. 
sugar to keep the liquid clear on addition of ammonia. Accordingly, to this quantity of 
the sugar to bo examined — after addition of ammonium oxalate to separate any lime 
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that may be present — ammonia is added in excess, and then solution of crystallised 
ferric chloride as long as the liquid remains clear. The number of mgpi. of iron added 
without the formation of a precipitate will then give the percentage pf real sugar in 
the sample : the solution must not be heated. If thti ferric chloride has been decom- 
posed by prolonged heating at 100°, 2*710 g. sugar will be required to keep 100 mgm. 
iron in solution. As invert-sugar acts much more strongly in this way than crystal- 
li sable sugar (0*387 g. saccharose after inversion acting as strongly us 2*687 & 
before inversion), the saccharose must, previous to titration, b® fnied from iiiverl^ 
sugar by treatment wit h cold alcoiioU(E. Kiilard, CompL rend. Ixxvii. 1103). 

2. C. Nicol anal. Chem. 1875, 179) Ihids by comparative experiments 

that the inversion of sugar, with a view to its determination by Fehling’s solution, 
is best effected by heating it in soaloi tubes at 130®, the inversion being then com- 
plete either with or without the addition of an acid, whereas if the sugar is heated 
in an open vessel, the addition of an acid is neeessary. No difference was observed 
between the action of sulphuric and that of hydrochloric acid. 

On the comparative merits of various methods of estimating cane-sugar, see 
G. C. Stewart {Chem. New.^, xxxi. 212, 223), II. 0. Humphrey {Amr. Chemiat, vi. 
203; Chem. News ^ xxxiii. 205). A taldo »of the i)roperties of different varieties (»f 
cane-sugar, founded on an investigation by Ix)tmann, is given by li. F. Smith {Chem. 
New.% xxxiii. 226). On the estimation of sugar in coloured liquids containing 
glucose, SCO Pellet a. Parquier (Monit. scimt. [3], vii. 1074 ; Jahresh. f. Chem. 
1877. 1193). 

Intimation of the yield of Pure Crystallisahle Sugar frem various raw Bect-sngars. 
C. ScheibLr (Zeitschr. des Vercins fiir die 1872, 297 ; Pingl. 

])oJ. J. cevi. 48) dcs(TH}cs v i improved method of carrying out the prcjcoss devised by 
Paye.li in 181G, uy which the syrup adhering to the already crystallised sugar is re- 
moved by washing with an acid saturated solution of sugar in alcohol of about 86 per 
ce.it. For Payen’s single washing fluid and fared liltor, Scheiblcr substitutes the 
if)! lowing fluids and apparatus (1). Alcohol of 99-100 per cent.; (2). Alcohol of 
9G per cent, saturated with sugar; (3). Alcohol of 92 per cent, also saturated ; and 
(4), Alcohol of 86 per cent, mixed with 6 vols. per cent, of ordinary acetic acid and 
saturated w’ith sugar. About 20 grams of tho sugar to bo tested is weighed into 
fared tubes about 2 centimeters wide and 16 centimeters long, having a narrow tube 
fused on Ix) them at one end, and containing a plug of ftdt or cottoii-wool just above 
the junction of tho wide and narrow portions. TJicso tubes are connected by their 
narrow ends with bottles, in which a partial vacuum can be created by some coii- 
vonieiit muans, such as a Huiisen w*ater-pump, while their wide upper extremities are 
closed by cx)i*ks carrying tw’o tubes, one of which serves for tlio admission of dry air, 

• and tho other (carrying a .stopcockl for the introduction of the w’ashing fluids by 
means of a pipette. Tlie sugar is first covered with absolute alcohol and left to stand 
for fifteen minutes *, this liquid is draw’u off and replaced by No. 2, wiiich is followed 
by No. 3, and then by No. 4. This last, which is the effective solvent of tho syrup, 
is left on tho sugar for fifteen or twenty minutes, and is then allowed to run off 
slowly ; more is added and run off, and so on, till the sugar imparts no more colour 
to the liquid. The remaining portions of (4) are then ilisphtced by the other liquids, 
u.sed in reverse order, and the nearly pure sugar left is dried by passing air through 
it while the tube is surrounded by a metallic Ciisiiig filled with steam. The weight of 
tho residue so obtained is obviously that of the sugar which existed ready crystallised 
in the original specimen plus saild and other impurities insoluble in .‘spirit. It is now' 
only necessary to ‘polari.se’ this residue to determine tho quantity of sugar which it 
conbuns, and so obtain all the data rocpiircd to ascertain how mucli cry.sfallised sugar 
was contiiined in the original. 

Kstimaiion of Saccharose in Coloured Liquids coitainiug Glucose. - Tho following 
method is recommended by Pellet a. Pasquier (Monit. scient. [3], vii. 1074). (1). 100 
grams of the liquid under examination (molasses) are diluted with water to a total 
vo\ume of 600 c.c. (2). 100 c.o. of this liquid are mixc<l W’ith 10 c.c. of a solution of 
lead acetate (sp. gr. 1*160-1*200) diluted with water to 200 c.c. and filtered. (3). Of 
this filtrate, 100 c.c. are mixed with 10 c.c. acetic acid, and examined in tho sacchari- 
meter, the oliserved rotation being reduced to 100 c.c. of tho normal liquid, and tho 
sugar calculated for 100 g. of normal molasses. (4). 60 c.c. of the liquid obtained as 
in (2) are mixed with 1 0 c.c. hydrochloric acid, inverted at 70° *, slightly supersaturated 
with soda win'ii cold ; acidulated with acelic acid ; diluted to 100 c.c. ; mixed (if too 
strongly colour(Kl) with 1 g. animal charcoal; filterctl ; introduced into the saccharimctcr; 
tho temperature determined ; and tlio quantity of crystallisable sugar calculated ac- 
cording to the following formulm (the first applying to Soleil’s, and tho second to 
Laurent’s saccharimetor), in which B denotes tho sum of tho saccharimetric readings 
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before and after ^nv^*^B^6n — i.e, the entire diminution of rotation — and T the tempera- 
ture of the inverted solution at the time of observation : 

Formula for Sol oil ; 

p = . aiid ? - ‘ or P . 0*1635 = Sugar for 100 c.c. 

28b — X 100 

Formula for Laurent : 

P = ' ^ and- ‘ ^ • 0*1620 = Sugar for 100 c.c. 

288 -T 100 * ^ 

(5). To determine the normal glucose, 10 c.c. of No. 2 are mixod with sodium carbonate 
and diluted to 100 c.c., of which 30 c.c. are to be mixod with 30 c.c. copper solution, 
warmed in the water-bath, and the copper precipitate weighed. (6). To estimate the 
total sugar, 10 c.c. of liquid No. 2 are mixed in a flask of 250 c.c. capacity with 10 c.c. 
sulphuric acid (100 g. H-SO* in the litre) and 50 c.c. water ; the mixture is heated in 
the water-bath for half to three-quarters of an hour, then diluted to 260 c.c. ; the 
total glucose estimated as above in 30 c.c. of the liquid, after cooling, and calcnlatcd 
to 100 g. of the molasses; the original amount of glucose deducted ; and the difference 
calculated to crystallisable sugar. The ratio of the iKjrnial glucose to tlie difference 
between the crystallisable sugar determined by the saccharimeter and that determined 
by the copper solution, affords the means of estimating the rotatory power belonging 
to the reducing sugar. 

Ofi the Estimatwn of Saccharose and Glucose hy the Optical Saccharimeter ^ see 
Landolt (‘ Das optische Drehungsvorradgen Organischer Substanzen,’ Brauuschweig, 
1879, 148-188). 

Sugar manufacture. — Outlie Eefining of Sugar, sec Wichclhaus {Nciie2^it- 
schrift fiir die 'Riihensucker Industrie^ 1878, *177-318 ; Jahresh.f. Chem. 1879, 1149; 
Chem. Soc. J. xxxiv. 690) ; by the use of Alumina : Kohlrausch {Chem. Centr. 1878, 
185). 

Purification of Syrups by boiling with dilute Sulphuric and Hydrochloric acid ; 
Margueritte {Dingl. pol. J. ccx. 327 ; Jahresb. /. Chem. 1874, 1167) ; by Ammonium 
Phosphate and Baryta: P. Lagrange (Compt. rend. Ixxvii. 1246 ; Che^n. Soc. J. xxvii. 
209; Jahresh. 1873, 1072 ; 1874, 1169); by Phosphoric acid : VWivnnH {Dingl. pol. J. 
cexxi. 387, 679; Jahresh. 1876, 1138); by Calcium Borate: Lecalo a. Gaudry 
eexx. 154; Jahre.sh. 1876, 1139). 

Decalcification of Syrups by Phosphoric acid : Scheibler {Dingl. pol. J. ccxxi. 257 ; 
Chem. Soc.J. xxvii. 1189; Jahresh. 1874, 1167). 

Purification of Beet-juico with Barium Carbonate and Hydrate: Lagrange {Compt. 
rend. Ixxx. 397 ,* Jahresh. 1875, 833). 

Recovery of Crystallisable Sugar from Molasses : H. Schwarz {Vingl. ccxxvi. 182 ; 
Jahresh. 1877, 1189; Chem. Soc. J. xxxiv. 179); Drevormann (Chemische Industrie- 
zeitung, 1878, 214; Jahresh. 1878, 1151); Zenisek (Jahresb. 1878, 1162). Recovery 
from Calcium Sucrates: Drevermann (Chem. Centr. 1879, 46); Stiffens, Manoury, 
Matcyezek a. Drevermann (Chem. Centr. 1879, 269 ; Jahresh. 1878, 844). 

Effect of Salts on the Crystallisation of Sugar: Durin (Compt. rend. Ixxxi. 621 ; 
Jahresh. 1875, 1126); Lagrange (IHngl. cexix. 363 ; Jahresb. 1876, 1138). 

2. Ziaotose, or Mllk-sugrar, C‘'^H®0". This sugar, when boiled with dilute 
sulphuric acid acid diluted with 2 vols. water), thot water being continually renewed 
as it evaporates, till a light brownish coloration is produced, splits up into two sugars 
OP glucoses, C"H**0", viz. Dextrose and Galactose. To separate these, the solution 
is neutralised with calcium carbonate, mixed with baryta water, then treated with 
carbon dioxide, concentrated, left to crystallise slowly, and finjilly mixed with alcohol, 
whereupon the galactose soparate.s in the form of a crystalline mass; and the mother- 
liquor, especially on addition of jibsolutc alcohol, yields a second crystallisation, con- 
sisting of dextrose. The separation of these glucoses may also be effected by moans 
of alcohol of 95-98 per cept., in which the latter is the more soluble of the two. . 

Galaetose crystallises in prisms, melts at 118®-120® in the aiiMlried state, at 142°- 
144° after drying at 100°. It reduces only 4 mols. cupric sulphate, whereas dextrose 
reduces 5 mols. By oxidation with nitric acid it is converted into mucic acid. Heated 
at 160° for twenty-four hours with acetic anhydride, it is converted into pentacotyl- 
galactose, C®H'(C'‘'H®0)H)**, a pale gum-like substance, which softens at 62°, and 
melts at 66°-67°. The dextrose from milk-sugar was at first regarded as a distinct 
modification, and called Lactoglucose ; but subsequent experiments have shown that it 
is identical with grape-sugar. It melts in the air-dried state at 70°-71°, and at 132°- 
135° after drying at 100° (Fadakowski, Her. ix. 42, 278 ; xi. 1069). 

Synthesis of Lactose. — When the mixture of galactose and dextrose obtained 
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as above is heated to boiling 'with 3 pts. of acetic anhydride (b. p. 146®-160°) in a 
reflux apparatus till the mass is completely dissolved, and the product is then treated 
with water, a viscid ether is formed having the composition 

and identical with th^ which Schiitzenberger obtained by heating milk-sugar with 
excess of acetic anhydride (vi. 1045). The two products agree in melting point (62°), 
and in specific rotatory power, the ether prepared as above giving [a]p= +30'^°, 
Schiitzenberger^s ether + 31° ; both readily give olF acetic acid when exposed to the 
air, and when saponified with alkalis yield one and the same product, viz. milk-sugar. 
The specific rotatory power of the lactose thus obtained from the ether prepared as 
above described was found to bo [dlo= +66*7°, that of natural milk-sugar being 
+ 66*4°. The synthetically prepared lactose, heated for two hours at 140-145°, 
yielded an anhydride, having a specific rotatory power [a]i, = 60*0&° ; that 

of dehydrated milk-sugar is, according to Biot, [a]„= + 60*28° ; according to Berthelot, 
+ 69 3° (Bernole, Ber. xii. 1936). 

On the Alcoholic Fermentation of Milk-sugar, see Milk (p. 1326). 

3. Maltose, + H‘‘0. This isomeride of saccharose and lactose is the 

final product of the action of malt-extract on starch. It is less soluble in alcohol 
than dextrose, has a specific rotatory power of + 154 to + 155° for the transition-tint, 
and its cupric oxide reducing power is to that of dextrose in the ratio of 62 or 63 to 
100. By the prolonged action of acids it is converted into dextrose (O’Sullivan, Chem. 
Sac. J. XXV. 579; xxxv. 771). See also Starch (pp. 1821-1823), 

4. Melezltose, This kind of sugar, first obtained from the manna 

of various species of Fucalyptus growing in Tasmania (vii. 869), has also been obtained 
from a Persian manna, oi^iuating from a leguminous plant called V Alhagi Maurorum. 
The acpicous extract of the manna evaporated to a syrup and tnvited with animal 
charcoal, yields, after several months, a crop of nionoclinic crystals which, after 
recrystallisation from alcohol of 60 per cent., are quite pure, and have the composition 

• + H'-'O. The water of crystallisation escapes readily at 100°, or in a vacuum 

over sulphuric acid, si'owly at ordinary temperatures. 

Molczitose melts at a temperature a little above 140°, and has a dextrorotatory 
power of 94° 48' for the transition-tint, 88° 5' for the line D. AVhen boiled with 
dilute acids, it yields nothing but dextrose; with nitric acid it gives oxalic but no 
mucic acid. 

The manna above mentioned was found to contain also saccharose and a syrupy 
sugar which reduced Feliling’s solution, but was not fermentable. The saccharose 
was extracted by dissolving the mother-liquor of the melczitoso in alcohol, and adding 
ether till the solution became turbid, the saccharose then cryst allising out after a 
few days (A. Villicrs, Cr/ttqd, rend. Ixxxiv. 35 ; Ann. Vhim. Vhys. [5], xii. 43). 

6. Another sugar i.someric with saccharose is formed when a solution of perfectly 
pure glucose in absolute alcohol, well cooled with ice, is saturated in the dark with 
dry hydrogen chloride. The saturated solution is heated ; the acid evaporated in a 
vacuum over sulphuric acid ; the coloured syrup is saturated with caustic baryta, and 
repeatedly dissolved in alcohol of 94 per cent. ; and the solution, after being left to 
evaporate without heating, is treated w'itli ether to remove a substance having a strong 
bitter taste. The sugar thus obtained is colcnirless, has the aspect and taste of gum, 
is very hygroscopic, and dissolves very readily in water. At 100 ' it gives off of its 
weight of water, and becomes hard and transparent ; but to obtain it perfectly 
anhydrous, it must be dried for several days at 130° in a stream of carbon dioxide. 
It is not fermentable. Its aqueous solution <loes not reduce Fehling’s liquid. When 
heated at 160°, it decomposes according to the equation C'-IF-’O" + TTO=== 2C®11*“0®, 
yielding a sugar having the composition of glucose, but not identical therewith, inas- 
much as, though it reduces a solution of copper, it has a very sweet taste and is very 
difficult to ferment. The compound C'-H ‘^(O-^H’O)'^!)" which Schiitzenberger obtained 
])y heating cane-sugar W'ith a largo excess of acetic anhydride (vii. 1)05), is perhaps 
the ociacctyUdcrivativc of this sugar, its formation being analogous to that of the 
;tldano8 (vii. 32) from the aldehydes of the fatty series (Gautier, 8oc. Chim, 
[2], xxxii. 33). 

Glucoses, Deztrofflucose or Dextrose. Occurrence. — Ac- 

cording to ]^. Mach {Dbigl. pol. J. ccxxv. 470), the sugar of the grape in the unripe 
state is chiefly dextrose ; at the time of the gen(?ral gathering it is almost wholly 
invert-sugar, while during the time of over-ripening the levulose becomes predomi- 
nant. During fermentation the levulose is first attacked, afterwards the dextrose ; 
cane-sugar added to the mixture remains unaltered till the middle of the fermentation, 
and then disappears. Must of wine mixed with cane-sugar yields a laevorotatory 
wine ; must mixed with grape-sugar, a dextrorotatory wine. 
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Dextrose occurs in cinchma harks, probably as a decomposition-product of quino- 
Unnic acid (Carles, Phann. J. Trans. [3], iii. 643). 

Formation and ^preparation from Saccharose. — Durin {Compt, rend, Ixxxvii. 764) 
finds by direct experiment that the conversion of the saccharose of sugar-juices into 
glucose is due, not to fermentation, but to purely chemical action, and that it is 
accelerated by iieat. The presence of previously formed glucose has no influence on 
the result, but the reaction of the solution is of importance, the conversion being 
much quicker in acid or neutral than in alkaline solutions. 

Ncubaiior (Zcitschr. anal. Chem. 1876, 188) prepares pure dextrose by adding 
white cane-sugar in fine powder by successive portions to a mixture of 600-600 c.c. 
alcohol of 80 per cent, and 30-40 c.c. fuming hydrochloric acid. The liquid when 
saturated is poured otf, and left to crystallise in a covered vessel ; and the crystals of 
dextrose thus obtained are washed with alcohol till the liquid runs ofi* neutral, then 
dried, and recrystallisod from boiling alcohol. 

According to 0. Hesse {JAd}. Ann. cxcii. 169), the molting points of glucoses of 
various origin are not identical, but are always comprised between tlio limits 80° and 
84°. Honey-sugar melts at 83°. Starch-sugar, after purification with alcohol and 
water, agrees with honey-sugar in every respect. On the rotatory power of those 
sugars, see p. 1221. 

Sodium-glucose, C®H"NaO®, is obtained on adding sodium ethylate to a solution of 
dextrose in absolute alcohol, as a white bulky prt^cipitat(^ which, when quickly filtered, 
washed with absolute alcohol, and dried over sulphuric <acid, forms a white or yellow- 
ish-white powder, extremely hygroscopic, soon becoming glutinous when exposed to 
the air, and apparently decomposing into sodium hydroxide and glucose. When 
heated in a stream of hydrogen jit the temperature of tfKj water-bath, it gives oft’ 
2mols. water, and yields a brown amorphous mass, tho formation of which begins at a 
temperature a little above 70®- Sodium gluconate dissolves in an alcoholic solution 
of bromine, yielding bromoforni, and tin' compound C^“H"‘0'‘‘NaBr, which separates 
after a while in white laminar crystals (Hdnig a. Eoscnfcld, Jkr. x. 871). 

Acetonitrose, C*‘ir((>’lFO)^0*NO*, is formed by the action of fuming nitric acid 
on acetochlorhydrose, G“H^(C*1F0)‘0*C1, the product of tho action of acetyl chloride 
on glucose (vii. 12). Tho acetochlorhydrose required for tho purpose need not be 
quite pure, but merely freed from acetic acid by heating it to 120°, and passing a 
stream of air through it. It is then to be mixed in a vessel cooled by ice, with 15 to 
20 times its volume of fuming nitric acid, and tho mixture, after standing for several 
hours, poured into icc-cold water. White flocks are then deposited, quickly changing 
to a heavy powder, which may easily be freed from a small quantity of unaltered 
acetochlorhydrose by crysUillisation from ether and alcohol. Acetonitrose crystallises 
in white oblique prisms, or large rhombic plates. It is tasteless, insoluble in water, 
sparingly soluble in alcohol and ctlier, nut explosive by heat or by percussion. It 
melts at 145°, has a density of 1*3487 at IS*^, and is dextrogyrate, [a]> - +159. 
Heated to 100° in aqueous or alcoholic solution, it is converted into a body which 
reduces copper-solution, and is blackened by alkalis. Nascent hydrogen decomposes 
it with evolution of ammonia (A. Colley, (Jompt. rend. Ixxvi. 437). 

Detection. — For the detection of dextrose in presence of dextrin and allied bodio.s, 
C. Barfoed {ZeUschr. anal. Chem. 1873, 27) uses a solution of cupric acetate, which, 
when mixed with a solution of dextrose, gives, after a short time, a precipitate of 
cuprous oxide, whereas a solution of dextrin similarly* treated remains unaltered for 
several days. Moreover, a scjliition of cupric acetate, very slightly acidulated with 
acetic acid, gives when boiled with dextrose and left to stand for a short time, a pre- 
cipitate of cuprous oxide, whereas pure dextrin gives no reduction. Gum, cane-sugar, 
and milk-sugar behave in tho same manner as dextrin. Barfoed points out that the or- 
dinary methods of testing dextrin for dextrose are untrustworthy, inasmuch as Fehling’s 
solution is reduced at ordinary temperatures even by very weak solutions of dextrin. 

To detect glucose in presence of sacchsiroso, E. Bottger (»/. pr, Chem. Ixx. 432) 
mixes the liquid with au equal volume of scxiium carbonate solution (I pt. of the 
crystallised salt to 3 of water), adds a pinch of basic bismuth nitrate, and heats the 
liquid to the boiling point. Under these circumsUince.s, tlie slightest blackening or 
grey coloration of the bismuth-salt may be regarded as a sure indication of the 
presence of glucose. In tho application of this tost to tho detection of glucose in 
urine and other animal fluids, or in vegetable juices, the blackening of the bismuth 
may arise from tho'action of sulphur resulting from the decomposition of albuminoids. 
To eliminate this source of error, E. Brueke (JFicw. Akad. her. 1876, 62) makes use 
of a solution of poiassium-bmnuth nitrate, which precipitates albumin and its deri- 
vatives. This reagent is prepared by dissolving basic bismuth nitrate in a hot solution 
of potassium iodide, with addition of hydrochloric acid. The liquid under examination 
is acidulated with tho same acid, then treated with the reagent, and filtered. Tho 
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filtrate should not be clouded cither by a drop of dilute hydrochloric acid or by a 
drop of the test-liquid. This condition being fulfilled, the liquid is to be super- 
saturated with a concentrated alkali-solution, whereby a white flocculent precipitate is 
produced, and boiled. The presence of glucose will then be indicated by a blackening 
of the liquid from reduced bismuth. 

Estimation. — (a). By Fehlmg's Solution. — C.KmvLH ^Zeitschr.anal. Chem. 187^ 
323) mixes a measured volume of the sugar-solution with excess of Fchling’s solution, 
and collects the separated cuprous ciside on a filter, dissolves it, after washing, in 
nitric acid, supersaturates with ammonia, and titrates with potassium cyanide. F. 
M«)hr (ibid. 296) proceeds in the .same manner, excepting that ho oxidises the cuprous 
oxide with ferric sulphate or solution of iron-alum, and determines the resulting 
ferrous sulphate by titration with a normal solution of potassium permanganate. 

Loisoau points out {Compt. rend. Ixxvi. 1602) that the estimation of small quanti- 
ties of dextrose by Felilings solution may become inexact if the liquid contains a 
considerable quantity of caustic soda. If the sugar-solution be added by drops to the 
strongly alkaline copper-solution, a larger quantity of it will be required to destroy 
the blue colour than when the titration is quickly performed. If the separated 
cuprous oxide bo boiled with strong S(xla-ley, and the liquid then left at rest for some 
time in contact with the air, it will recover its blue colour. Water alone, and a 
solution of normal sodium tartrate, do not exhibit this reaction. These sources of 
error may be avoided by reducing the alkalinity of the solution to such a point that 
1 litre of the copper-solution shall bo neutralised by 240 c.c. of decinormal sulphuric 
acid. 

Boivin a. Loiseau (Comp*, rend. Ixxix. 1263) observe that Fehling’s solution, when 
diluted with disLillpd water 'Aid boiled, deixisits cupric oxide, and becomes more or less 
decolorised, but that this decoloration does not take place when river-water (Seine- 
water) is usf‘<l instc.'id of distilled water. They attribute the decoloration to a dis- 
sociation of the alkaline copper-solution by the pure water, which is prevented by the 
presence of a small quantity of soluble salts, (i. Missaghi (Gass. cJiim. ital. 1875, 
414) suggests, as a more rational mode of preventing the decomposition in question, 
the addition of a few drops of a solution of tartaric acid or Rochelle salt to the 
reagimt. 

Champion a. Pellet (Compt. r<nd. Ixxx, 181) attribute the non-docoloration of the 
solution in presence of certain salts, especially calcium salts, to the formation of a blue 
precipitate, wliich indeed is easily proved by adding a sufficient quantity of the salt 
and filtering, the liquid then running through colourless. Salts which, like the 
chlorides of potassium and sodium, give rise to the formation of cupric chloride, pro- 
duce on boiling a greenish tinge in the liquid. 

Possoz (Compt. rend. Ixxv. 1836) observed that Fehling’s solution, when it con- 
tains excess of alkali, precipitates canc-.sugar as w^ell as glucose. To prevent this, he 
mixes the solution with an alkaline bicarbonate, or passes carbon dioxide into it. 
Th(^ resulting .solution of potassio-cupric tartrate + alkali-carbonate has no action on 
eano-sugar at 60°-9()°, and may therefore bo used for the estimation of glucose in 
presence of cane-sugar. The liquid to be tested is mixed with this solution, and kept 
for about tliree-ciiiart ers of an hour at 75°; and the cuprous hydrate formed is collected 
on a filter, washed, transferred while still moist to a basin, and treated with hydrochloric 
acid and potassium chlorate, wlicrcby it is converted into cupric chloride, which may 
bo titrated with stannous chloridp (Champion a. Pellet, loc. cit.) 

P. Lagrange (ibid. 1005) prepares a very stable Fchling’s solution, not reduced by 
boiling either alone or with cane-sugar, by dissolving 10 pLs. pure cupric tartrate in 
400 caustic soda and 600 distilled water, and keeping the solution at the boiling heat 
for twenty-four hours, renewing the water as it evaporates. The cupric tartrate is 
prepared either by decomposing the sulphate wa’th normal sodium tartrate, or by dis- 
solving recently precipitated and well-washed cupric hydrate in the required quantity 
of sodium tartnito. According to Missaghi (too. cil.) the only way of preserving this 
test-liquid from alteration is to keep it in sealed vessels. 

fi. With Mercuric Iodide. — This method is adopted by R. Sachse (Dinffl. pol. 
ccxxi. 670; Jahresb.f. Chem. 1877, 1087). The reagent is prepared by dissolving 
18 g. pure mercuric iodide and 28 g. potassium iodide in water, adding 80 g. potassium 
hydroxide, and diluting to a litre. The reaction is complete when a drop of the mix- 
ture no longer produces a brown precipitate in an alkaline solution of stannous oxide. 
40 c.c. of the test-solution contain 072 g. mercuric iodide, and are equivalent to 
O' 1342 g. grape-sugar. 

According to Strohmer a. Klauss (Chem. Centr. 1877, 713), this method is appli- 
cable only to the estimation of dextrose in pure solutions of tliat substance, not in 
solutions which also contain saccharose. It may, however, alsa be applied to the 
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estimation of invert-sugar, provided that no other kind is present in the liquid. 
Erythro- and achroo-dcxtrin (the constituents of commercial dextrin) may be boiled 
for a quarter of an hour with a Fehling’s solution containing only half the quantity 
of Uochclle salt- usually added to it, without producing any alteration in it, so that the 
estimation of dextrose by means of a copper-solution may be effected in presence of 
these tw'o bodies, whereas Sachse’s method Avould be inapplicable in such a case. In 
the valuation of different sorts of sUirch-sugar also, the results obtJiined by Sachso’s 
method are too high, whereas Fehling’s solution, applied with all the precautions 
already indicated, gives satisfactory results. ' 

According to Heinrich, on the other hand (Chem. Centr. 1879, 409), dextrose and 
invert-sugsir may bo correctly determined in the presence of very varying amounts of 
saccharose by the use of an alkaline solution of mcnniric ifxlido containing a smaller 
proportion of potash than that directed by Sachse. The test liquid contains 25 grams 
potsissium i(xiido, 18 grams mercuric iodide, and 10 grams potassium liydroxido in 
1000 c.c. water. For the determination of small quantities of invert-sugar not more 
than 5 C.C. (preferably 2'5 c.c.) of tlio standard liquid should be employed, which 
should bo previously titrated against a very dilute sugar-solution prepared by in- 
verting sj\ccharose. Jf less than 0*1 per cent, invert-sugar be present in the liquid 
under examination, 2*5 c.c. of a solution prepared by dissohing 10 grams KHO in 
1000 C.C. water, should be added to eaeli 2*5 c.c. of the standard solution before titration. 
Tho standard potassio-morcuric iodide liquid containing only 10 grains KHO per litre 
is not affected by ammonium salts. 

Xievulose, According to Knisemann {Bcr. ix. 1465), the rotatory 

power of levulose (prepared by boating iuiilin ftmii elecainpaiKi-root "with w'ator under 
pressure) varies witlithc time during which the heating liAi been continued, increasing 
at first up to a certain point, and afterwards diminishing; thus: 

After heating for . 8 16 24«- 32 40 48 56 64 Iirs. 

The rot. power was 10= 27' .15® 23' 15® 44' 16® 15® 24' 15® 21 16° 17' 14° 51/ 

Levulose dissolved in water, and treated with sodium- amalgam at ordinary tem- 
peratures, is converted into mannitol, Dextrose undergoes the same trans- 

formation (Knisemann, /fcr. ix. 1465). 

Invert-sugar. Fruit-sugar. The mixture of equal parts of dextrose and 
levulose, known by these names, occurs, together with acid malates and triticin, in 
the root of couch-grass (H. 3Iiiller, Ard. Phann. [3], ii. 500 ; iii. 1). 

The conversion of saccharose into invert-sugar may bo effected in pure solutions 
by heat ; it is favoured by the presence of glucose, provided the saccliarose-solutiori is 
not at its highest degree of concentration ; considerably also by mineral salts, such as 
nitrate and chloride of potassium, slightly by organic salts. The percentage of 
saccharose invertctl is in general much greater in dilute tlian in concentrated solution. 
The glucose of refinery molasses is formed by the action of the substances above 
mentioned (II. Pellet, Ann. Chini. Phys. [5], xiii. 394). 

Maumono {Cmnpt. rend. Ixxx. 1139) finds that invert-sugar varies considerably in 
composition and properties according to the manner in which it is j>reparc(l, and ihat 
even when a uniform product is obtained by tlie use of given quantities of acid and 
sugar, and maintaining the action at the same temperature and for tho same time, it 
W'ill bo variously altered by alkalis, acconling to the nature and quantity of tho alkali 
used, and especially according to temperature. Ho regards invert-sugar as a variable 
mixture of dextrose, levulose, and an optically injictivo sugar. This last was obtained 
by mixing 500 g. white honey with I litre of alcohol of 90 per cent, at a gentle heat, 
and cooling the mass nearly to 0®, whereupon a nearly colourless heavy precipitate 
having a bulk of 116 c.c. separated, which dissedved almost completely in water, and 
exhibited no rotJitory power, but became slightly dextrogyrate when wanned. Milk 
of lime added to the cooled solution threw down a hevogyrate sugar, while the solution 
turned tho plane of polarisation to the right. 

Invert-sugar is oxidised by nitric acid to oxalic acid, by manganese dioxide and 
sulphuric acid, and by lead dioxide to formic acid (H. Muller, Arch. Pharm. f3], 
iii. !•). 

On the Estimation of Invert-sugar by means of a solution of Fotassio-mercuiic 
Iodide, see above. 

Znostte and ITucItOf C®1P®0®. Tanret a. Villiers (Compt. rend. Ixxxvi. 486) 
found that inosite from muscular flesh and from green peas is crystal lographically 
identical with nucite obtained from the leaves of tho walnut (p. 1421). They also 
find that inosite is accompanied in plants by a fermentsible sugar which r^uces 
Fohling’s solution, on which account they consider that inosite may be a product of 
the transformatiou of glucose. 
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Matezi^i This sugar has been found by AimA Girard {Compt, rend. 

Ixxvii. 995) in the caoutchouc of Madagascar, accompanying bornesite and dambouite 
(vii. 206, 421), which it closely resembles. Matezite is white, crystallisable, easily 
soluble in water, sparingly in alcohol, from which it separates in groups of crystalline 
nodules, hard and grating between the teeth. It melts at 181°, and, when cautiously 
heated, sublimes at 200°-210°. It is laevogyrate, its rotatory power being 79°. With 
sulphuric acid, nitric acid, copper-solution, and ferments, it reacts in the same manner 
as dambonito and boinesite. Heated with fuming hydriodic acid in a sealed tube 
at 110°, it is resolved into methyl iodide and another sugar, OH*"©*, called matozo- 
dambose : 

C»oi£2oo«» + HI =: CH»I + C»H“*0». 

Matezodamboso is sweet, easily crystallisable, more soluble in water than dambose or 
borncodambose. It is dextrogyrate, with a rotatory power of 6°. It melts at 235°, 
and behaves to reagents like dambose and borneodambose. The following table 
exhibits a comparison of the properties of matezite and its analogues, and of the 
three sugars ^rt^uced from them by the action of hydriodic acid : 


Dambouite, GHI"0* . 

M. p. 

. 205° 

Rot. 

power 

none 

Dambose, C*H®0* 

Rot. 

M. p. power 
212° none 

Bornesite, C*H‘^0* , 

. 200 

+ 32° 

Borneodambose, C“H'*0“ 

. 220 none 

Matezite, G'®H*®0* . 

. 181 

-79° 

Matezodambose, G*H*®0® . 

. 235 +6° 


SVILFBACBTAMZDE, CHIOS.NH'^. See Tuiamides. 


8 UliPBACR 0 Z.EZZrSV.A<PHV]l 0178 ACIB, 

C®H"S'^0’ = CH®.CH(SO»H).CH(OH)(SO»H). 

The potassium salt of this acid is formed by adding 1 mol. acrolein by small portions 
to a well-cooled concentrated solution of 2 mols. sodium-hydrogen sulphite, and is 
precipitated from the resulting solut ion by alcohol in the form of a thick mud which 
gradually solidifies to crystalline nodules. On its products of decomposition, see 
OxYPKOPANKSULiuiONio AciD (p. 1173) (Mux Mullcr, Ber. vi. 1441). 

8VXiPBAZiXyXiACSTZC ACZB8, H^S.CH=^.COOII (Claesson, Ber. yiii. 120). 
Sulphethylacetic acid^ CHf"S()-=sC*HAS.CH*.COOH.- The ethylic ether of this 
acid, first noticed by Blomstrand {ibid. iv. 717), is formed with great evolution of 
heat, on mixing the alcoholic solutions of ethyl monochloracetate and sodium mer- 
captide : 

CH^Cl.CO-C'-'H® -h C-H\SNa = NaCl -f C-^H'S.CH^.COzC-'H®. 

On filtering the liquid from the separated sodium chloride and adding water, the ether 
separates as an oily liquid ; and by heating it in sealed tubes with baryta- water, pre- 
cipitating the excess of baryta with carbonic acid, and decomposing the barium salt 
with sulphuric acid, the sulphethylacetic acid is obtained in the form of an uucrystal- 
lisable oil. It dissolves readily in alcohol and ether, witli moderate facility in water, 
is pirtly decomposed when volatilised alone, but may bo distilled with vapour of water. 
Its salts are very easily soluble in water and in alcohol, and do not bear so high a 
temperature as those of the corresponding phenylated acid (p. 1842). They are oxidised 
by jiitric acid, and yield a brown vigeid precipitate with iron salts. 

The potassium salt. C‘-H“S.CH'-',GO-K, forms deliquescent crystalline crusts slightly 
soluble in alcohol. The silver salff C^H'SO'-AgH- H-0, is .a crystalline precipitate 
which does not give off its water over sulphuric acid. The barium salt^ (C'H'SO^y-^Ba, 
and the calcium salt, (C^}rSO''‘)'“Ca, form radiate groups of needles ; the lead salt 
is a viscid mass. The magmsium salty (C'JrSO^*Mg-i- 311*0, and the sine salt. 
(G^H’SO*)*Zn -f 211*0, are crystalline masses. The cadmium salt, (G^H^SO*)*Gd-f 
H*0, is less soluble than the preceding salts, and crystallises in prisms which melt 
and give off their water at 85°. The viafiganese salt exhibits similar characters. 
The colmlt salt, (C^H*SO*)*Co + 2ir-’0, forms small violet-red very soluble prisms. The 
nickel salt, (C^H’SO*)*Ni + 2H*0, is greenish, and in other respects resembles the 
cobalt salt. The copper salt, (C*H’S0*)*Gu + 2H*0, forms small shining rhombic 
plates, which melt at 90°, and decompose with great facility. The ethylic ether, 
C^H’SO*.C*H*, prepared as above described, is a strongly refracting oil having a 
powerful odour, a density of 1*0469 at 4°, and boiling at 187^-189°. It is not acted 
upon by iodine, but bromine attacks it strongly. Ammonia converts it into sulph- 
ethylacetamide, C*H*.S.Gn*.CO.NH*, which crystallises in long thin prisms melting at 
44°, easily soluble in Avatcr and in alcohol, decomposing partially when volatilised. 
On heating this ether and methyl iodide in molecular proportion in a sealed tube at 
120°, and leaving the product to evaporate in a vacuum, yellowish crystals are ob- 
VoL. VIII. 6 C 
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tained, consisting of ethylic dicthyUulyhimodacetaU^ (C-II*)®I^S.CH*.COOC*H^ which, 
when shaken with silver oxide, yield a strongly alkaline solution. 

Sulpham yldcetio acid, C*H"S.CH‘‘*.CO-H, is a thick liquid. Its ethylic ether 
hoils at 230^, and has a density of 0797 at 4°. Its salts, excepting those of its 
alkalis, are but sparingly soluble. The zinc and cadmium salts are white precipitates ; 
the copper salt crystallises in slender needles. The lead salt is very easily fusible. 

Sulphphenylacetic acid, C"H‘‘SO'‘* = C‘'H*.S.Cir-.COOH.— The ethylic ether of 
this acid, prepared, like that of sulphethylacetic acid, from ethyl chloracetate and 
sodium phenylmercaptide, is convcrteil by alcoholic potash into a potassium salt 
which separates in crystalline spangles, and by decomposing this salt with hydro- 
chloric acid, the free acid is obtained as an oil which soon solidifies to a crystalline 
mass, and separates from a hot dilute solution on cooling in thin brittle plates. It 
melts at 43*5°, and resolidifies at 28° ; dissolves in all proportions in alcohol and 
ether, sparingly in cold water, easily in hot water ; the solutions have a strong acid 
reaction. It is not distilhiMo alone, but volatilises with vapour of water. It is not 
decomposed by boiling with dilute acid. ^ 

The metallic sulpliphonylacctates arc for the most part slightly soluble in water, 
insoluble in alcohol ; they may all, except the copper salt, bo heated to 100° without 
alteration, but begin to blacken and decompose at 200°. The potassium salt, 
C®H\8.CH*.CO“K, crystallisc.s in thin needles having a silky lustre, modersitely solu- 
ble in hot water; it is not decomposed cither by boiling its solution, or by fusing it 
with potash. The sodium salt, C'HsSO^aX, which may be obtained directly by decom- 
posing sodium monochloracetate withan alcoholic solut ion of stidi urn phenylmercaptide, 
forms crusts made up of nodular groups of crystals. Tlie silver salt, Ag + H®0, 

is a white precipitate. The barium salt, (C4PS0'^)*l>a, is a crystalline mass of slender 
needles moderately soluble in hot water. The adeitmi salt, (C'*H^SO-)'‘*L'a, forms 
groups of oblique tablets. The lead salt, (C*H‘SO")‘Pb, is an amorphous precipitate 
which quickly hardens and molts at 60°. The mwueshm salt, (C**H'SO'^)’^Mg + 3lI'-‘0, 
forms shining scale.s ; the zinc salt, (C"irSO-)*^lg r 2If“0, radiate groups of long 
silky needles ; the cadmium salt, (C^H’SO’*)-Cd+ 11*0, shining scales. The manganese 
salt, (C"H'SO‘^)‘-Mn + 6H‘‘*0, is a bnlky mass of oblique tables. The copper salt, 
(C*H‘SO®)'Cu, is a green amorphous easily altcrabb* precipitate, becoming viscid when 
exposed in the moist state to the air, and being converted by warming with water 
into tarry masses consisting of a basic salt. The normal salt dissolves readily in 
ammonia, the solution when left to evaporate in a vacuum leaving blue prisms. The 
cohalt, nickel, aluminium, ferric, and chromic salts are amorphous precipitates. The 
cM/t, C®Il*S.CH-.CO.OC'‘‘H^ i.s a liquid boiling with partial decomposition at 
276°-278°, and having, when pure, a sweetish, aromatic, not unpleasant odour. Sp. 
gr. = 1'136 at 4° ; 1-1269 at 15°. Tho amide, OH ’8.011^00. Nil* prepared from it, 
crystallisc.s from alcohol in small plates melting at 104°, easily soluble in alcohol, less 
soluble in w-atcr, very slightly in ether. 

Bromosulphphenylacetic acid, C''H ‘nr.S.CH*.COOH. — The ethylic ether of this 
acid is formed, with brisk reaction, on adding bromine to a solution of ethylic sulph- 
phenyl acetate; in carbon sulphide, and by converting it into the potassium salt with 
alcoholic potash, and decomposing this salt with hydrochloric acid, the free acid 
is obtained in .shining, sparingly .soluble needles which melt at 112°. 

Oxidation-products of tbe Sulphalkylikoetlc Acids. By acting on a salt 
of either of the preceding acids with potassium permanganate (not with nitric acid, 
potassium chromate, &c ), it is possible to oxidise the sulphur to SO or SO*, without 
completely breaking up the moh’culc. In this way the follow'! iig acids have been 
obtained. 

Sulphonethylacetic acid, 0HPS*0< = C*II*.S0*.CH* COOH.— This acid, sepa- 
rated from its zinc salt by hydrogen sulphide and concentrated in a vacuum, forms a 
thick uncrystallisable liquid, which, ns w'ell as most of its salts, is very soluble in 
water. The potassium salt, CHi'S*O^K, crystallises from alcohol in small colourless 
very hygroscopic tablets ; tho barium salt, (0^Hs8*0^)*Ba, in small nodules ; the 
capper salt, (CHI’S*0^)*Ca + 2H*0, in rather largo bluish tablets, which give off their 
water at 140°. Tha zinc salt and tho silver salt are moderately .soluble ; the latter 
crystallises in small needles. The lead salt forms small very soluble tablets. 

Sulphonephenylacetic add, C"II»S*0‘ = C®H*.SO* CH*.COOH, separates on 
adding an acid to the concentratisl solution of its potassium salt, in the first instanct* 
m an oil ; and on dissolving this in ether and leaving the other to evaporate, tho aciil 
remains in the form of an oil which quickly .solidifies. By recrystallisation from water 
it is obtained in small monoclinic crystals, which melt at 100°, have a very sour taste, 
and dissolve readily in alcohol and ether. Its salts an* mon; soluble than those of 



SULPHAMTDES— SULPHIDES. 1843 

Bulphphonylacetic acid, the potassium and zinc salts being even deliquescent. The 
cojyper salt, forms small green moderately soluble tablets. 

Sulphineplienylacetic acid, C“I£®SO» = C«lP.SO.GH‘*.COOH, prepared by oxidising 
sulphphenylacetic acid with half the quantity of permanganate required for the pro 
duction of the acid last described, forms colourless crystals melting at 74‘\ 
copper salt is a greyish amorphous precipitate. 

SWXiPKAlMIXDIBS. The r.ction of phosphorus pentachlorido on some of these 
bodies has been studied by Wallachaa. Huth (Her. ix. 424), with results leading to 
the following general conclusions: (1). Under certain circumstances, phosphorus 
pentachloride acts like a mixture of chlorine and the trichloride. (2). The production 
of phosphoretted intermediate products in this reaction appears to be dependent oii 
the particular amidogen-rosiduo attached to the sulpho-group. (3). The oxygen of 
the group SO*NH* cannot be replaced by chlorine. 

Benzonesulphanilide and PCl*^ act upon one another at about 100® in the 
manner represented by the equation : 

C«IU.S02.NIT.C«11'» + PCI* = PCP + nCl + C«H\SOlNH.C®ll<Cl. 

The resulting hmzcnes^tlphomovockloranilide may be obtained by precipitation from- 
the alcoholic solution with water, or bettor from the benzene solution by precipitation 
with pctroleum-cthtr, and repeated slow ciystallisation from benzene, in splendid 
erystiils melting at 120®-12P\ Prom ether it cry.stalHses in pyramids. When 
decomposed by hydrochloric acid it yields monochloraniline molting at 70® : 

C«1I*.S0^NH.C«H^C1 + lUO + HCl = C«H^C1.NH‘^ C“H*SO»H + HCl. 

llenzenesulphomonochloranili>ie may also be prepared synthetically from monochlor- 
aniline and bcnzonesulphochloride. The isomeric compound, chlorobinzenesulphanilide, 
C®1PC1.S0“.NH.C“IT*, prepared from parachlorobenzeiicsulphoehloride and aniline, 
forms needle-shaped crystals melting at 104®. 

The action of phosphorus pentachloride on henzenvy^alphamide is in its first stage 
the same as that whicli takes place between PCI* and benzencsulphotoluido, being 
represented by the equation : 

C'PPSO^NIP + PCI* = C»K*.SO®.NHCl -h PCP + HCl; 

but the compound C“H*SO*-’.NIICl is not obtained in the free state, as it is further 
acted upon by the phosphorus trichloride in the manner represented by the equation ; 

C«H*.S02.NHC1 -h PCP = HCl + C“H*.S02.NC1.PCP, 

Avhoreas on benzenesulphochloranilide phosphorus pentachloride exerts scarcely any 
action. 

Wnllach a. lliith have confirmed the statements of Limpricht a. von lTslar(v. 486) 
respecting the action of phosphorus pentachloride on GUi‘‘N“SO*- 

C®H\S0*N1P)(C0N1P), which takes place according to the equation : 

C’H**N-SO* + PCI* - C^H*N*SO-MICl + POCP + HCl, 

the resulting compound forming a yellow syrup, which is further decomposed during 
distillation, yielding POCP and chlorobeiizonitril. 

1 3 5 

On McsityUnC'Sulpliamide, C“.CH*.H.CH*.ir.CH*.SO'“’NH''*, and Varasulphamim- 
mcsitylcnic acid, C®.CO‘-lI.H.CH’'.SO'-’NIP.CHMr, see pp. 1284, 1285. 

Sulphamine-isophthalic acids, C**ll’NO* = C®H*(CO-H)-(SO'-'Nir‘'), are formed by 
oxidation of sulphamiiietoluic acids, C®H*(SO*Nir2)(CH*)(CO-'H), and these again by 
oxidation of xyleuesulphaniides, C'*ll*(SO*NH“(ClP)® (j.v.) 

8ir&PBZDXSS. Hammelsbcrg (fier, vii. 152) draws attention to the analogy 
which exists bet ween the dimorphism of iron disulpliide and that of the native sulph- 
arsenirles of iron, nickel, and cobalt. There are, in fact, two series of minerals of the 
general formula EAsS(RSbS), in which R = 'Fe, Ni, CO, either singly or mixed in 
various proportions, the minerals of the one series being similar in crystalline form, 
tendency to hemihedry, and tliermoelectric properties to cubical iron pyrites, while those 
of the other series are similar to marcasito (iii 402). Since RAsS may be regarded as 
RAs* + RS-, it follows that the metallic arsenides are isomorphous with the disulphides. 
But the composition of the arsenides of the above metals varies between wide limita, 
whilst the crystalline form remains the same, lus is shown by the following examples : 
Fft*As< (from Przibram), FeAs* (Schladming), R'-'As* (smaltine from Reichelsdorf), 
RAs* (Schneeberg), R^As* (Reichelsdorf), CoAs* (Norway). This would indicate Uiat 
the arsenides themselves are isomorphous mixtures, and, therefore, that though iron 
and arsenic separately crystallise in different systems, they are yet capable of eiys* 

6 c 2 
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tallising isomorphously when allied together. This is further shown the occurrence 
of NiAs and NiSb in the hexagonal system, or isomorphous with arsenic and antimony 
themselves. 

These considerations both explain, and receive support from, the almost invariable 
occurrence of sulphur, in tho most variable proportions, in the natural arsenides of 
iron, &c. Tims Rammelsberg has found gersdorffite (amoibite) to have the formulffi 
Ni*As-S'-, Ni*As®S‘', Ni*As“S^, &c. These compounds may be regarded as formed by 
tho union of KS* with x molecules of tho isomorphous compound K“As“. 

Heat of Formation of Metallic Sulphides, — The following determinations 
of the quantities of heat evolved in tho action of hydrogen sulphide on metallic oxides 
in solution have been made by Berthelot {Cnmpt. rend. Ixxviii. 1175, 1247). 
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On comparing these numbers with the heats of neutralisation of the same bases 
with ether acids, as hydrochloric, nitric, sulphuric, and acetic acid (p. 957), it is 
found that tlie heat evolved in the formation of the alkali-metal sulphides in solution 
is much less than that which is evolved in tho formation of the corresponding 
chlorides, sulphates, acetates, &c. ; and accordingly these sulphides are entirely or 
almost entirely decomposed by hydrochloric, sulphuric, and acetic acid. The thenhal 
determinations showed that the quantity of heat evolved in this reaction is nearly 
equal to the difference between the heats of neutralisation of the two acids by the 
alkaline base. 

The action of hydrogen sulphide on metallic salts differs considerably according to 
the nature of the metals and acids, as well as according to the concentration of the 
solution. Hydrogen sulphide precipitates the dilute solutions of lead, copper, mer- 
cury, and silver salts, the reaction being alw^ays attended with evolution of heat, 
which is in accordance with the results of calculation fc»r the solid anhydrous salts. 
The action of gaseous hydrogen sulphide on tho solid acetates of lead and copper 
gives rise to evolution of heat, and consequently decomposes them. For the chlorides 
of lead, copper, and mercury on the other hand, negative results are obtained, and 
accordingly these chlorides are decomposed by hydrogen sulphide only in dilute 
solution, while on the other hand the corresponding sulphides are decomposed by 
gaseou.s hydiogen chloride and even by fuming hydrochloric acid. In like manner 
solid silver sulphide is di composod by gaseous hydrogen cliloriJo, bromide, and iodide 
with evolution of quantities of heat, least with the chloride, greatest with tho iodide. 

Hecomj^os ition in presence of Water, — According to Ue Clermont a. From- 
mel {Compt. rend, Ixxxvii. 330) rnefcillic sulphide.s in contact with water are first 
converted into bydrate.s, which then decompose with separation of hydrogen sulphide, 
the w'atcr in which they are suspended not taking any part in the reaction. On boil- 
ing sulphide.s wdth water in a vacuum, decompo.sition was obsc*rved to take place at 
the following temperatures : with nr.senious sulphide at 22'’ ; iron sulphide at 56° ; 
silver sulphide at 89° ; aiitimonious sulphide at 95°. Tho decomposition of arsenious 
sulphide by l>oiling with water exhibits uertain peculiarities. Tho evolution of 
hydrogen sulphide, which is rapid at first, gradually diminishes in consequence of the 
formation of an oxysuJphide of smaller di,s.sociation-tension, tho decomposition of 
which is slower, but nevertheless goes on till the whole of the arsenious sulphide is 
removed. The decomposition of the sulphide goes on more quickly after addition of 
crystallised arsenious oxide, than on addition of the vitreous oxide resulting from 
decomposition of the sulphide. Artificial arsenious sulphide prepared by fusion is 
but slightly decomposed by water ; tho native sulphide has a higher tension of dis- 
sociation. Native crystallised realgar gave at first a small quantity of hydrogen 
sulphide, tho evolution of which, however, soon ceased, and was probably due to a 
slight admixture of orpiment, the bisulphide itself not appearing to be decompo.sed, 
Arsenic pentoLsulphide, which was never obtained pure, cither by precipitation from 
arsenic acid or from soluble sulpharscnates, yielded as products of aecomposition 
merely arsenious acid and sulphur, never arsenic acid. 
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On the reduction of the Noble Metals hy Metallic Sulphides in Mineral Feins, see 
Mktals (p. 1287). 

Action of Acid Potassium Sulphite . — The evolution of hydrogen sulphide 
observed by Jannettaz (p. 1169) on triturating galena with a solution of this salt, 
takes place also -with other native sulphides, briskly with alabandino, MiiS, 
strongly in the case of zinc-blende, ZuS, grcenockito CdS, and millerite ZnS ;^Jjin- 
nettaz, loc. cit.) 

Action of Ether, — l''he action df ether on sulphur and various sulphides of iron 
has been studied by Berthclot {Conipt. rtnd. Ixxxviii. 890). In every case, on the 
evaporation of the filtered liquid, crystals of pure sulphur were first deposited, and 
afterwards a compound containing carbon, hydrogen, and a considerable proportion of 
combined sulphur. This compound is the result of the chemical action of the sulphur 
on the solvent, aided by the influence of atmospheric oxygen. The reaction is analo- 
gous to that which occurs between free oxygen and hydrocarbons, alcf)hols, ethers, or 
aldehydes, by which various ill-definotl resinous compounds are produced. In the 
case of iron sulphides treated with ether, the oxygen of the air unites with the metal, 
setting free the sulphur, which simultaneously acts on the organic solvent. It is evi- 
dent, therefore, tliat the so-callcd neutral solvents do sometimes act chemically on 
the substances with which they are placed in contact. Hence statements respecting 
the pre-existence in meteorites of crystal lisiible hydrocarbons capable of extraction by 
organic solvents must bo received with grejit caution. 

Oxidation . — Use of Metallic Sttf phi des as Fuel . — A new application of 
rapid oxidation by which sulphides may be utilised for fuel has been made by 
J. Hollway {Journal of thF Society of Arts, February 1879). Wlicn air is blown into 
molten ferrous sulphide, oxidation proceeds rapiilly, in accordance with the equation 
FcS + 0'‘* = Fc0-^S0‘', lunch heat beiii^f. evolved. Tliis reaction may bo utilised by 
melting iron pyrites with coke in a cupola furnace, tj*ansferring the molten ferrous 
sulphide thus produce»l to a Bessemer converter, turning on the blast, and from time 
to time throwing in cliarges of pyrites and sandstone. In this way, large quantities 
of pyrites are oxidised without the u.sc of fuel other than that required to heat the 
blast. A siliceous slag is produced, a quantity of mixed slag and regnlus, and a 
regulus containing nearly the whole of the copper, silver, and gold present in the 
original pyrites. Preliminary experiments show that the process is of wide application. 
The special form of plant to be adopted has not yet been determined, the Bessemer 
converter having been employed only in preliminary trials. The pyrites and sand- 
stone may be thrown into the vessel in lumps. 

The experiments hitherto made establish the following points: 

When air is blown into a thin stratum of molten ferrous sulpliide, the whole of 
the oxygen is utilised for oxidation. Pyrites being thrown in, as already described, 
about one-half of the sulphur contained therein is expelled in the free state, with the 
more volatile metallic sulpliides, c. </., lead and arsenic sulphide together present in 
the pyrites. The plant may be so arranged that this sulphur may he condensed and 
removed. 

The remainder of the sulphur, about 20 per cent, in all, with the except ion of that 
found in the regulus, is principally evolved as sulphur dioxide. The regulus generally 
contsiins about 22 per cent, of sulphur ; the pyrites about ifil per cent. About 14 per 
cent, of the escaping gases consi^^ts of sulphut dioxide, tho remainder being nitrogen. 
The sulpliuT dioxide, may of cor.rsu be. utilised in the manulacture of sulphuric acid ; 
or it may be comloused iii coke tow'ors. 

In tile ordinary method of biiniiiig pyrites, althoiigli about 45 per cent, of the 
sulphur is oxidised, the gases produced contiiiii only about 16 per cent, of sulphur 
dioxide and 84 per cent, of nitrogen. 

If ail excess of iron sulphide is always present, copiicv, silver, gold, nickel, and 
certain other metals are all concentrated in the regulus. Kvon if these metals be 
added in the form of oxide or silicate, it is very probable that these compounds will 
be converted into sulphides, and that the metals will be concentrated in this form in 
tho regnlus. If this bo proved experimentally, the process will be suitable for work- 
ing poor copper ores, slags containing copper, silicates of nickel, &c. 

The slag consists chiefly of ferrous ortlnvsilieate, generally containing traces of 
copper, small quantities of load, zinc, &e., and a small percentage of sulphur. Tlie 
slag being perfectly fused, only small quantities of copper are cntjinglcd therein. The 
small difference between tho specific gravity of tho slag ami that of tho regulus (average 
4*1 and 4*8 respectively) prevents the complete separation of the latter. It might, 
however, bo possible to add a larger proportion of silica, and so produce a lighter 
Blag. 

The exact character of the lining to be used in the furnace remains to be settled : 



1846 SULPHIDES (DOUBLE). 

if sufficient silica be added to produce a slai' containing a proportion of silica larger 
than that required by the formula Si0*.2M"0, the molten slag will exert little or no 
action on a siliceous lining. In one experiment a peculiar slag was obtained, having 
the composition Td h'eO,FeS,7SiO’, a density of 4*2, a metallic aspect, and crystal- 
lised in confused prisms. 

Double Sulpliltlea. Sulphur Salta. B. Schneider {Pogg. Ami. cxxxvi. 
460; cxlviii. 625; cxlix. 381 ; cli. 437; cliii. 588; Jubelbd. 1874, 158;- J. pr. Chem. 
[2],vii. 214 ; ix. 209; x. 55). 

1. Containing Bivalent Metals. The pofasstuinrsinc salt, K-S,3ZnS. is 
formed by fusing 1 pt. zinc sulphate, 24 potassium carbonate, and 24 sulphur, at a 
bright red heat for ten minutes, atid remains, on treating the cooled melt with water, 
in colourless, rhombic lamina?, which may be separated by levigation from unaltered 
zinc sulphide. It is permanent in the air at ordinary temperatures, not even losing 
its lustre, and appears to undergo only siiperticiul oxidation when heated to redness 
in an open vessel. It likewise remains unaltered when heated to redness in a stream 
of hydrogen. It resists the action of water, but is decomposed by mineral acids, even 
when very dilute, with violent evolution of hydrogen sulphide. When suspended in 
water holding nitrate of silver or copper in solution, it is converted into the salts 
Ag^S, 3ZnS, and CuS,3ZnS respectively. It is not attacked by mercuric chloride, load 
nitrate, or thallioiis sulphate. The corresponding sodium salt, Na"S,3ZnS, is obUdiied 
in the same manner as the potassium salt, but is far inferior to the latter in per- 
manence and in external beauty. 

• C a d m i u m s u 1 p h i d e, fiLsed wi tli pota.ssi uni carbonate and s ulph nr yields, not a 
double sulphide, but only the crystallised cadmium Biilphi|lc formerly obtained in the 
same manner by Schuler {Liebig's Annalcn^ Ixxxvii. 34) ; the crystals are hexagonal 
pri.sms with pyramidal summits. By fusing 1 pt. cadmium sulpliidc with 12 pt.s. dry 
sodium carbonate and 12 pt.s. sulphur, the double sulphide Na‘*S,3Cd.S is prodiic(?d, 
but it has not been obtained ^juite pure, as it is decomposed by water, and dilute 
alcohol, though it does not decompose the compound, fails to remove a certain quantitj' 
of sodium sulphate formed simultaneously with it. 

Nickel-potassium Sulphide, K^8, 3NiS, is prepared by fusing 1 pt. crystal- 
lised nickel sulphate over a lamp urgerl by a bla.st of air, with 9 pts. pure potassium 
carbonate and 9 pts. sulphur, keeping the mass in red-hot fusion for about ten 
minutes, and treating the cooled melt with cold de-aenited water. Tin* double 
sulphide then remains in crystiilline lamina', which have a speiss-yellow' colour and 
metallic lustre, and when examined under the microscope appear partly hexagonal, and 
frequently split in the direction of three lines running from three alternate summits 
to the centre of the hexagon ; partly lozenge-shaped, and then often joined together 
in rows. This compound alters very quickly in contact with air and water ; w'hen 
ignited in a stream of hydrogen, it gives off only one-fourth of its sulphur. When 
nickel sulphide is fused with sulphur and sodium carbonate (in the proportion 
(1:6:6), crystalline laminae are obtained, resembling the potassium compound just 
described, but of somewhat darker colour, and becoming nearly black-brown when dry. 

Cobalt-potassium Sulphide has not been obtained, at least not in the pure state. 
When metallic cobalt or cobaltous chloride is fu.sed with potassium carlionate and 
sulphur, a very pure cobalt sesquisulphido, Co*S^ is easily obtained, forming iron-grey 
crystalline laminae, wdiich appear under the microscope like fissured hexagons, mostly 
with jagged edges. They are but slightly attacked' by hydrochloric acid, or oven by 
aqua regia. 

Manganese -pot a^ssium Sulphide, K'-.S,3Mn.S. — Vdlkor obtaiF>e<l this com- 
pound in dark-red anhydrous laminae, by fusing anhydrous manganous sulphate with 
pfitassium carbonate, lamp-black, and sulphur {Gmelin's Handbook, English Ed. iv. 
237). Schneider, by fusing 1 pt. manganous sulphate with 12 pts. K*CO® and 12 
pts. sulphur, obtained, not a double salt, but only manganous sulphide in the form of 
a green cry.stalline powder, appearing under the microscope to consist of groups of 
needles. The sodium salt, Ka*iS,3MnS, was obtained by Volker {loc. cit.) in small 
shining light-red needles, by a process similar to that employed for the preparation of the 
potassium salt. Schneider, by fusing together 1 pt. crystallised manganous sulphate, 

6 pts. sodium carbonate, and 6 pts. sulphur at a bright-red heat, obtained the com- 
pound Ka^S,2MDS, in small thin flesh-coloured shining cry.stals having a strong ten- 
dency to oxidise. 

2. Containing Tri valent Metals. Potassio-hidic Sulphide, K'-'SjIii^S*, is 
prepared by very intimately triturating 1 pt. indium oxide with 6 pts. pure potassium 
carbonate and 6 pts. sulphur, and fusing the mixture for eight or ten minutes, first at 
a mofhjrate heat and finally at a very high temperature. The melt on cooling is 
found to be filled with mimenms light hyacinth-red highly lustrous crystalline 
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laminae, which remain behind on treating the mass with water, and arc obtained ijuitc 
pure by washing. The laminae are quadratic, mostly very sharply definwl, and often 
joined together in fad-shaped or rosette-shaped groups ; translucent with reddish- 
yellow colour in thin layers. They yield nothing soluble to water, are pernianont in 
the air at ordinary temperjitures, and in closed vessels may be heated even to redness 
without fusion or loss of sulphur, and after cooling appear somewhat daiker-coloureil 
than before. When heated in contict with the air, they are slowly converted into a 
powder which is red-brown white hot, yellow-brown after cooling, and when treated 
with water, gives up a large quantify of potassium sulphate, but no indium. In 
hydrogen gas, the double sulphide may be heated to redness without docompo.sition. 
It is very easily decomposed by acids, which, if dilute, sepsirate indium sulphide from 
it, but if concentrated dissolve the whole. It is not attacked by cupric sulphate, 
thallious sulphate, or lead nitrate, but iiqucous silver nitrate converts it, witliuut 
alteration of form or lustre of the crystals, into black argenio-indic milphale^ 
Ag‘S,In=S». 

Sndio-indic Sulphide, mixture of! pt. indium oxide, 0 pts. 
sodium carbonate, and 6 pts. sulphur, fused over a blast-lamp, yields a nearly homo- 
geneous red-brown melt; and on treating this with coM distilled W'atei*, a clear 
yellow-brown solution is obtained, which, however, soon becomes turbid, and deposits 
a large quantity of a dirty-white, somewhat bulky flocculent powder, not unlike 
freshly-precipitated zinc sulphide. This powder, after washing and drying, has the 
composition Na“S,In-S*-f- 211*0, and at a somewhat higher temperature is easily con- 
verted into the anhydrous compound. 

The white precipitate formed by ammonium sulphide in solutions of indium 
sul I ihide containing tartaric id and supersaturated with ammonia, is, according to 
Seliiieider, not indium hydrosulphide, as commonly supposed, hut ammonium-indium 
sulphide. 

ThallosO’thallic Tl®S'^Tl-S,2Tr-8’. — Wiieii an inlimato mixture 

r)!‘ 1 pt. thallious sulphate, G dry sodium carbonate, aral 6 sulphur is fused over a 
blast-lamp, a melt is obtained, appearing reddish-brown and quite homogeneous wlum 
cold, but converted by prolonged t reatment w'ith water into a yellow solution free from 
thallium, and a yellow powder which gradually changes to a network of bulky flocks, 
and when continuously washed with water, yields up all its sodinm sulphide, leaving 
a residue of thalloso thallic sulphide, probably formed from sodio-thalloso- 

thallic sulphide, I SjTl'-^S®, produced in the first instance. Thalloso-thallic 

sulphide is a dark- brown, amorphous, lustreless powder, permanent in the air at 
ordinary temperatures. When heated in a close vessel, it melts at first w'ithout loss 
of sulphur, Jiud solidifies to a crysbillinc mass on cooling. When more strongly 
heated, best in a stream of hydrogen, it gives off sulphur, and is reduced to the mono- 
sulphide Tl'-'S. Dilute mineral acids decompose the compound T1“S', with evolution 
of hydrogen sulphide and separation of sulphur. 

Potassio-/hallic Sulj^hide, K'‘'S,T1'S*, is obtained by melting together 1 pt. 
thallium sulphide or chloride wdth 6 pts. potassium carbonate and 6 pts. sulphur, and 
remains, on treating the melt with 'water, as a dark cochineal-rod crystalline 
pow’der, w'hich, when examined with a movierate magnifying power, is seen to bo wholly 
made up of sharply defined yellowish-red square tablets. Sp. gr. = 4'203. Heated in 
hydrogen gas, it is decomposed, aqpording to the equation, 

-t 4n - 2H2S + K-S + Tl-S. 

The double sulphide is permanent in the air, is not altered by w'ator, and melts, when 
heated in a small test-tube, to a bhick-bruwn liquid, whicli gives off only a trace of 
sulphur when heated to low redness, and solidifies on cooling to an indistinctly 
crystalline mass. When heated in the air it suffers partial oxidation. It is quickly 
decomposed by hydrochloric and by nitric acid, but aqueous ammonia and potash do 
not act upon it. Solution of silver nitrate colours it steel-blue, the potjissium and 
part of the thallium being at the same time replaced by silver. 

Thallium sulphate, fused with sulphur and sodium carbonate, yields, not the cor- 
responding sodium-compound, but an unstable substance containing only thalliuip and 
sulphur, and apparently in the ratio of 4 at. T1 to 5 at. S. 

3. Containing Quadrivalent Metals. Tetraplati nous Sulpkostannatc, 
Pt^SnS®a=4PtS,SnS-, is obtained, as chief product, when 4 pts. of sodio-hypoplatinous 
staanate, Pt'-0,Na*6,2Sn0'“’ (vi. 1097), are fused wiih 0 pts. sodium carbonate an<l 
about 8 pts. sulphur, and must bo sulijected to careful and prolonged Icvigation to 
free it from sodioplatinous sulphostannate, Na‘S,3PtS,SnS‘‘*, formed at the same time 
as a secondary product. Totraplatiuous sulphostautiaLe is a blackish-grey crystalline 
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powiler, appearing under tlie microscope as a uniform aggregate of small shining 
needles. It is permanent in the air at ordinary temperatures, but is completely de- 
composed by strong and prolonged ignition with access of air. It offers great resist- 
ance to the action of acids. 

Tetraplatinous /Sit Zjo Ao;) /e, Pt*’S* = 4rtS,PtS’*.— This compound (and 
not platinous sulphide, as stited by Vauquelin), is formed on fusing together equal 
parts of ammonium platinocliloride, sodium carbonate, and sulphur. It crystallises 
in small needles having a dark steel-grey colour and metallic lustre, and apparently 
belonging to the orthorhombic system. In the dry state it is not altered by exposure 
to dry air, but quickly oxidises when moist. 

Potassio’platinous Sulp^ioplatimte, md tho correspond- 

ing so(/ium salfy also tlie SulphnstannateSy (K or Na)'-S,3PtS,SiiS^ have been already 
described (vi. 1077). 

Diaodio-pltii i nous SulphoplatinatCt NaTt®S‘*=2(N‘a“S,PtS),PtS*, is 
formed by fusing together spongy platinum, sodium carbonate, and sulphur in tho 
proportion 1 .’ G : 6, and remains, on treating the melt with water, in the form of 
small thin copper-rod needles, which alter somewhat quickly in contact with tho air, 
yielding sodium carbonate and platinum bisulphide : 

Na'Pt*S« + 0* + 2CO* = 2Na‘CO* + 3PtS*. 

Hydrochloric acid converts it into the corresponding hydrogen-compound, which is 
quickly oxidised on exposure to the air : 

2(Na%S,PtS),PtS- + 4HC1 = 4NaCl + i(H2S,PtS),PtS* 
and 

2(IP8,PtS),PtS- 4- O* =,. 2H-’0 h SPtS*. 

Diargcitfo-platinous Sufphtplatinate^ Ag*Pt*S*, is obtained by treating the disodiiAn 
salt with aqueous silver nitrate, in tho form of a loose woolly mass of ash-grey thin 
prismatic crystals which are pseud omorphoses after the sodiurn-compound. TIio 
thallium Tl^Pt^S®, obtained in like manner with thallious sulphate, also forms 
pseudomorphoses after the sodium salt, having a steel-grey colour and faint lustre. 
It is permanent in the air, and when treated with hydrochloric acid, gives up the 
whole of its thallium without evolution of hydrogen sulphide. 

The disodium salt, treated in like manner with cupric sulphatCy lead nitrate^ or 
mercuric chloride, yields analogous snlphiir-salts ; but it is not decomposed by the 
normal salts of the earth-metals : hence it appears that this salt is decomposed only 
by the salts of those metals wliich are precipitated from their ntnitral solutions by 
sodium sulphide. 

Cuproplatinous Sulpkoplatinate, Cu“Pt®S“= 2(CuS,PtS),PtS®, forms an 
aggregate of faintly lustrous dark blue-grey needles, which are true pseudomorphs of 
the disodiura Siilt. They are permanent in tho air at owlinary temperatures, and 
w'hen heated in contact wdth the air, smoulder away like tinder, giving off sulphur 
dioxide and trioxitlo, and leaving a hlackish-grey mixture of cupric oxide and metiillic 
platinum. Boiling hydrochloric and nitric acids decompose tlicm partially, abstivict- 
ing the copper and leaving dark stccl-grry ncesilcs, and they are not completely 
decomposed even by boiling aqua regia. • 

Plumhoplatinous Bui phoplatinale^ 2(PbS,PtS),PtS*, forms a loose aggre- 
gate of dark blackish-grey needles, which are permanent in the air at ordinary tem- 
peratures, smoulder away with slight decrepitation when heated in the air, giving off 
sulphur dioxide and leaving a grey mixture of platinum and lead sulphate. This salt 
is but slightly attacked by hydrochloric acid even at the boiling heat, more strongly 
by ukric acid, but is not readily decomposed even by aqua regia. 

A compound of mercuroplatinous siilplioplatinate with mercuric chloride, agreeing 
nearly with the formula 2(HgiS,PtS),PtS'-*+ 2HgCP, is obtained by the action of 
a solution of mercuric chloride on disodioplatinous siilplioplatinate. It forms a loose 
spongy network of thin needles, having a dark ash-grey colour and very litde lustre. 
It is decomposed by aqua regia, but not completely even after long boiling. 

Lastly, by treating recently prepared and thoroughly washed disodioplatinous 
Bulphoplatinate immersed in de-aerated w-ater with a dilute solution of sodium- 
platinochlopide, and leaving the rc.sulting black-grey mass at rest for about an hour, 
merely stirring the platinum solution occasionally, then filtering, pressing the crystals, 
and drying them out of contact witli the air, a comjxmnd is obtained which has tho 
composition PiS®, but may be rcganled as formed from the disodioplatinous salt, by 
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replacement of the four Na-atoms by a quadrivalent atom of platinum, and represented 
by the constitutional formula 


1--S— Pt 


^:_S~Pt— Pt-S 




It forms small, blackish-grey, faintly lustrous, needle-shaped crystals, sometimes 
partially flattened, and having the form of disodioplatiiious sulphoplatinate. When 
exposed to the air it takes up oxygen, qr.ickly if moist, especially if heated, more slowly 
in the dry state, and forms sulphuric acid. 

On the Sulphopalladatcs, Na*S, PdS-, &c., see vol. vii., p. 889. 


Sulphides of Organic Radicles. The boiling points of several alcoholic 
Riilphidos (or alkyl sulphides) have been determined by E. 0. Beckman (/, pr. Chem, 
I 2 1, xvii. 439), with the following results: 


Sulphides 
Dimethyl 
Methyl -ethyl 
Diethyl . 
Di-isopropyl 


B.p. 

37-l°-37-5° 

68 ® 

91-90 


Sulphides 
Ethyl-amyl , 
Di-isobutyl . 
Di-isopentyl . 
Ethyl-phonyl 


B. p. 

159-7®-160-l® 

170-5® 

213®-214® 

204® 


Di-ihobutyl sulphoxidoi [(CH»)2CH.CH*]‘SO, melts at 68-5° : di-isopentyl sulph- 
oxidc, [(CH^y-'CH.CID.CH^'^SO, at 37®. 

SUXiPHIWBS. The following suiphine- compounds of the fatty scries have been 
prepared and examined by Cahours (Ccmipf. rend. Ixxx. 1317; Ixxxi. 1163; Ann, 
Ghim, Fhys, [a], x. 13) in Ajntinuation of his former researches on these bodies 
(v. 881). 

Trimethyl -suiphine bromide^ (CK*)*SBr, is formed: 1. By the action of 
hydrobromic acid on the hydroxide, (OH^)*SOII (v. 88o), also by that of methyl 
bromide on methyl sulphide ; and, together with methyl -benzyl sulphide, Cl^*.S.0^H^ 
by heating 2 mols. methyl sulphide with 1 mol. benzyl bromide in a sealed tube at 
the temperature of boiling water : 


2(CH»)2S + C^H^Br = (CH»)»SBr + (OH«)S(CUI0. 

If the mixture is diluted with methyl alcohol, methyl-benzyl oxide is formed instead 
of the sulphide : 

(CH*)2S + C'H'Br + 2CH»OH = (0H»)»SBr + CH».O.C^H^ -I- H*0. 

2. Together with etliyleno sulphide, by heating ethylene bromide with methyl 
sulphide in a sealed tube at 100® : 

3(CH»)“S + C*H<BrV= 2(CH»)»SBr + C*H*S. 

3. In like manner, together with methyl thiacetate, from methyl sulphide and 
acetyl bromide : 

2(CH»)vS -I- CH’.CO.Br = (CH»)=*SBr -t- CFt».CO.SCH*. 

4. Together with methyl thioc^^anato, by gradually dropping cyanogen broniidc 
into cooled methyl sulphide, and finally heating the mixture at 100° for an hour or 
two in a sealed tube : 

2(CTP)=S + CNBr = (CIPy’SBr + CN.S.CH". 

Trimothylsulphine bromide crystallises in prisms eaeily soluble in water. 

Trimethylsulphine iodide^ (CH*)*SI, is formed, together with benzyl iodide, 
by the action of methyl iodide on benzyl sulphide at 100" in a sealed tube ; also, like 
the bromide, by the action of methyl iodide on raotliyl sulphide. It crystallises 
fi*oin water in large prisms. 

I>imGthylhenzylsulphinc (CIPyS(C’H0Cl, is formed by treating 

the corresponding bromide -which is obtained as a bye-product in the action of methyl 
sulphide on benzyl bromide — with water and silver oxide, and then with hydrochloric 
acid. It unites with platinic chloride, forming the compound [(CH‘‘)=S(C^H')CipPtCD, 
which crystallises in needles (compare Schdller, p. 322). 

The following salts of trimethylsulphine have been prepared by Blackio a. Crum 
Brown (Chem. Ne9i'S, xxxvii. 130). Tho oxalate, [(CIP)‘‘S]'‘*C*0^ + IPO, formed by 
the action of silver oxalate on trimethylsulphine iodide, crystillises in transparent 
hygroscopic laminae, wliich give off their water of crystallisation at 110®, and decom- 
pose at 140®, yielding methyl sulphide and methyl oxalate. The chromate and iodate 
prepared in like manner melt at 140® and then explode. 
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Tfimethylsulphine (CH*)*S.SH, is formed by treating the 

hydroxide with hydrogen sulphide : (CH»)*S.OH + H-'S = H^O + (CH»)»S.SH. Heated 
with an equivalent quantity of the hydroxide, it is converted into trimethyhulphine 
««(pAidc,[(CIP)>S]=S: 

(CII»)»S.SH + (CH»)»S.On - H^O + [(CIP)»S]'‘S. 

The aqueous solution of this last compound, when left over phosphoric anhydride in 
an atmosphere of coal-gas, does not yield crystals, but is trcinsforniod, at a certain 
degree of concentration, into methyl sulphide, [(CH*)*S]''S = 3(OH*)'*S. 

Trimethylsulphine mlphide, when treated with sulphur, takes up 4 at. of the 
latter, forming a polysulphide, |(CH*)*SpS', which, w’hen exposed to the air for 
several days, gives up 3 atoms of sulphur, ami is converted into trimethylsulphineihio- 
siUphatc : 

[(C1P)»8J*<S» + 0» = -f [(CU=*)»S]*S-0*. 

This salt is very hygroscopic, and crystallises in transparent four-sided prisms con- 
taining 1 mol. H'“0, which is given off over, phosphoric anh 3 ’dride. It is slightly 
soluble in alcohol, gives all the reactions of a thiosulphate, and, when cautiously heated 
to 135®, leaves a residue of methyl sulphide. 

On Trimcthylsulpliino-compounds, sec also II. Klinger {Bcr. x. 1880; Jahrenh. 
/. Chem. 1877, 523). 

T'riethylsulphine bromide, (C-H^)^SlIr, and the corresponding chloride, iwa 
formed by treating the hydroxide, (C-IP)*SOH (v. 884), with IlBr and HCl respec- 
tively. The chloride forms — besides the previously known platinochlorido (v. 882) 
— an aurochloride, (C“H*)’8Cl,AuCR which crystallises in long golden-yellow needles, 
sparingly soluble in cold, moderately soluble in hot walVr. The mercurockhridc forms 
needles having a satiny lustre. 

Propyldiethylsulphine iodide, (C®H")(C‘*1P)‘*SI, is formed, like the corre- 
sponding methyldiethyl conjpound, by the action of propyl iodide on ethyl sulphide, 
+ (C‘-ll*)‘-S = C‘^HX0-H‘)**S1, the materials being licated together in sealed tuljcs 
for several days at 100®- 120®. 

Tripropyl- and Tribv ty Isul phine iodides are formed in like manner by 
direct combination. Their platinochloridos are crystalline. Mixed sulphides are also 
formed by the action of the sulphides of propyl and butyl on the iodides of methyl 
and ethyl. 

The two following series of compound.?, containijig the isomeric monatomic radicles 
diethylmethylsulphine, S(C‘H*)*CH*, and clhylwethylethylsidphuie, S(C’-'H'^)(CH“)(C-H*), 
have been prepared byF. Kruger {J, pr. Chem, [2 |,xiv. 193), who attributes the diifer- 
ences in their propertie.s to diSerences in the four afiinities of the sulphur-atom. 

(1). J)iethylmethylsnlphinc-compounds. \f\\Qn ethyl sulphide and methyl 
iodide in molecular proportions are heated with a little water on a watei'-batli. 
dieth\’lmethylsulphine iodide is obtained as a reddish-brown syrupy uncrystallisal»lc 
liquid ; and on agitating this liquid with moist silver chloride, the corresponding chloride, 
S(C*IP)®(CU*)C1, is formed, which dries up in a vacuum to a pale syrup. The hydroxide, 
which was obtained by decomposing the iodide with moist silver oxide, is likewise 
uncrystalli sable, and is a powerful base; the nitrate and sulphate crystallise in a 
vacuum in long deliquescent needles ; the oxalate and pwrate eould not be obtained 
in crystals. 

()n adding platiuic chloride to a solution of the chloride, the platinochloridc, 
[S(C'H*)‘'CU*Cl]'‘'PtCl*, is obtained as a pale red crystalline powder, which is spar- 
ingly soluble in cold water, insoluble in alcohol and ether, and crystfillises from hot 
water in cubes, octohedrous or tetrahedrons, which crumble to a powder ou drying. 
It melts at 214° with decomposition. 

The aurochloride, S(C“lI*)'‘*01PCl,AuCl*, is readily soluble in alcohol, ether, and 
hot water, and crystallises in long pale yellow needles, melting with decomposition at 
192®. 

The mercurochhrUh, S(C*IPrCTl®C1.6HgCP, is a thick white crystalline precipi- 
tate, sparingly soluble in cold water, alcohol, and ether. It crystallises from hot 
water in prisms resembling rock-crystal, and melting at 198® without decomposition, 
which takes place only at a higher temperature. 

Compound of Diethyl-methyl cyanide with Mercuric iodide, S(C'-H^)*CH*(CN),HgI*. 
When a solution of the crude iodide containing hydriodic acid is mixed with a not 
solution of mercuric cyanide, the smell of carUiminos and hydrocyanic acid is given 
o^. and a yellow oil is precipitated, which solidifies on cooling, and is insoluble in all 
solvents But when cold solutions are mixed, only hydroc}anic rcM is o^’nlvod, and 
yellow quadratic crystals sex^arato out, which are insolulde in alcohol, L'^her, and 
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carbon sulphide, and very slightly soluble in water, this solution, when evaporated, 
leaving tho compound as an amorphous mass. Its formation is represented by the 
equation : 

S(C''U5)'-CI1*I + HI + IIg(CN )2 =. S(OT^)'-'CH»CN,irgP + HCN. 

It molts at 115°, and decomposes at a slightly higher temperature into mercuric 
iodide, a carbamino, and a liquid smelling like ethyl sulphide. When treated with 
hydrogen sulphide in presence of water, it yields mercuric sulphide, W'hich undergoes 
the known changes of colour, and on continuing the action of the gas, ultimately 
becomes red, being converted into cinnabar, which, when heated, sublimes as a black 
mass, yielding again a red powder. Analogous compounds of sulphinc-cyanides and 
mercuric iodide give tho same reaction, whereas tho double mercuric sulphine-chlorides 
give black mercuric sulphide. 

(2). K t hy I m n t hy I c t h y I s u I p h in e -compounds. — Tho iodide^ 
S(C'‘*H®)(CH*)(C-H^)I, obtained by heating ethylmethyl sulphide with ethyl iodide 
and a little water, crystallises in a vacuum in long very deliquescent needles. The 
chloride does not (Tystalliso ; tlic nitrate and suljjhatc arc as deliquescent as the corre- 
sponding salts of dicthylmctliylsulpliiiie. 

Tho plaJinochloridc, (iSC^ll*.CH*.C“JHCl)"l*t(Jl', is a dark red crystalline precipi- 
tate insoluble in ether and alcohol, and crystallising from water in apparently mono- 
clinic prisms, which on drying crumble to a rose-coloured powder, and molt with 
decomposition at 186°. When repeatedly recrystallised or heated for some time with 
water, it changes into the isomeric diethylmetliylsulphinc-compound. 

SC‘Il*.ClP.C-M*ClAu,Cl“ i.K I pal(*-yellow crystalline powder, readily soluble in 
hot watt'r, alc..diol, and ether, and melting witk decom^xisition at 178°. 

SC'-H^CH*.C-H'‘Cl,2HgCr- is a white crystalline precipitate crystallising from hot 
water in rhombic plates, melting at 112'^ ; finder water it melts below 100°, and does 
not then crystallise any more. 

SC“H’\CJP.C‘‘'H*CN,Hgr- is an ambor«yollow precipitate consisting of apparently 
monoclinic prisms; it is insoluble in water, alcidiol, and ether, and melts at 98°. 
When more strongly heated, it yields mercuric iodide, a carbamino, and a sulphide. 

On Sulphinc-compouiuh derived from TkiocarhamidCf see Tiiiocarbamidk. 

SUXiPBlirZC ACXDS, K.SO.OH. Bcn^cnesulphinw acid, C«J1^S0‘1I, is readily 
nbtained by adding zinc-dust to a coolc<l alcoholic solution of bcnzene-snl phonic chloride. 
The zinc salt thus obtained is well washed with water, in which it is almost insoluble, 
and then decomposed by sodium carbonate, and the resulting solution is coii' entrated 
and mixed in the coUl with hydrochloric acid, w’hich precipitates the licnzenesulphinie 
acid. In a similar way tolueuesulpliinic acid may bo prepared. 

Henzeiiesulphinic aci<l is also pnxliiced on iuhling a little water to a few' drops of 
benzenesulphonic chloride and mixing the prtiduct w ith zinc-dust. After some time a 
brisk reaction sets in, and the zinc salt separates out. More zinc-dust and chloridt 
are now alternately added, care being taken to have tlic former always in excess. 
The corresponding tolurvc’ compound may be prepared by an analogous process. 

The zinc salts of tho two acids crystallijje from hot water in small nacreous plates, 
having the conipo.siti()ri (C*‘IPSO'“)'‘'Zn + H‘0 and (C‘*H^CH®.SO-)-Zn -f H-’O (Schiller 
a. Otto, Bn\ ix. 1584). 

Tho same method has been apflied by Pauly {Ber. x. 911) to the preparation of 
Kulphinic acids of the fatty series. Kthylsiilphiiiate d/’ ..“/ wc, (C-H^SO‘)"Zn + H“0, 
thus prepared, is soluble in hot w’ater, less soluble in alcohol of 90 per cent., from 
which it crystallises in soft nacreous scales ; it agrees in all respects with the salt 
which Wischin obtained {Liebig's Annakn, cxxxix. 364) by the action of zinc-ethyl 
on sulphuric anhydride. 

JsohtUylsulphinaie of zinc, (C^H'’S()*)*Zii, prepared l)y the action of zinc-ethyl on 
isobutylsiilphonic chloride, CWSO^Cl, forms ratlu'r large white nacreous laminae, 
sparingly soluble in cold, more readily in hot w'atcr and alcohol. From alcohol it 
crystallises anliydrous; from water, apparently with water of crystallisation. It 
melts with decomposition below 10(1°. Sodium isohiitylsulphinate crystallises with 
difficulty in thin laminae easily soluble in water and in alcohol. The barium salt 
exhibits similar characters. Free isobutylsulphinic acid is a faintly-yellow strongly 
acid syrup, which dissolves easily in water, and bleaches litniii.M-papcr (Pauly). 

SVWHOA&DEKYDE, CH’.CHS. Syn. w'itli Tuioaluehtde (^.v.) 

BUEPBOBEKZAMZDE, Syn. with Hknzothiamidb or Tuu>. 

ii>atzAMn)i!! (y.v.) 

SVEPBOBEVZZDE, See Svi.iuionks. (p. 1855.) 
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SVKPBOBBirZOXC ( pp. 293-2!)G). Wieeinger a. Voll- 

brecht X. 1716) have obtained the mcta- and jiara-modifications of this acid, 
together with benzoic acid, by the action of alcoholic sulphurous acid on the corre- 
sponding diazoimidobenzoic acids. 

Sulpho-^-chloro- and Sulpho-]^'~hroonohcnsoic These acids and 

some of their salts have been described by Cbllen and by llbttinger (pp. 295, 296). 
The following derivatives of the brominated ,acid are described by Bottingcr {Liebig's 
Annalen, Q\c.\. 13). The crude chlorine-compound prepared by the action of phos- 
phorus pentachlorido on the sodium salt in the molecular proportion 1 : 4, is resolved 
by ether into a sparingly soluble and an easily S(»luble chlorine-compound. Tiie former, 
chlorosulpho-ip-bromobenzoic acidf C^il’i^SO-CO.COOH, melts with decomposition at 
197®, but softens at a lower temperature. It dissolves very sparingly in water and 
alcohol, somewhat more freely in cold ether, and with moderate facility in hot ether. 
Alcohol converts it, wdth liberation of hydrogen chloride, into €thoxysulpho-\}-hromo- 
hemoui acidy C®H*Br(SO-.OC"II*)COOH, which crystallises in lustrous plates melting 
at 84®. 

Amidosulpho-p-broniohe}i::oic acUU C*H*Br(SO“NII*)COOH, prepared by the action 
of alcoholic ammonia on the monochlorinated acid above mentioned, crystallises in 
nodular groups of small white ncetllcs melting at 229®-230®. It dissolves with diffi 
culty in cold water, easily in boiling water, and with great ftvcility in aqueous ammonia, 
forming an ammonium salt, C*H’Br(80‘“NH*).C0^N^^ which loses ammonia on eva- 
poration. When the amido-acid is dissolved in warm baryta-water, small hard glitter- 
ing needles separate out, consisting of the barium salt. 

Ethoxysulpho-ji~hromobcmainidey C*H*Br(SO'“.OC‘-H^C().NH'“, i&formcjd at the same 
time as the amido-acid by the action of alcoholic ammonia on the dichlorinated com- 
pound contained in the crude chloride. Being but sparingly soluble in alcoliol and 
almost insoluble in water, is easily separated from the acid. It crystallises in jong 
colouilc.ss needles, which melt at 128°, and arc readily soluble in dilute alkalis; the 
addition of an acid to this solution produces a crystalline precipitate, coiisi sling of long 
needles, which melt at 262°, and have the same composition as amidosulphopara- 
bromobenzoic acid ; they appear to consist of hydroxysulpho~^bro)iwbcnzamidCy 
C«H»Br(S0^01l).C0NH2. 

The action of phosphorus pentachloridc' on sulpho-;?-bromobenzoic acid gives 
rise also to a dichlorinated compound, viz. chlorostdpho~T^-bromobciizoic chloridey 
C*H*Br(SO’-Cl)COCl ; but this compound is easily decomposed by w’ater, the chlorine 
combiniid with the CO-group being displaced by Oil, producing the monochlorinated 
acid. That this i.s the case i.s conclu.sivcly shown by the action of zinc-dust on the 
alcoliolic solution of the monochloride, wliich gives rise to two compounds : sulphi 
parahromohenzoic acidy C®H®Br(yO*H).COOH, which is readily soluble in hot, , but 
only slightly soluble in cold water, and sulphibromobenzaldehydey C®H®Br(SO'‘'II)COIT, 
W'hich dissolves in warm water, but i.s partly thrown down again on boiling. The 
acid forms small c<dourle.ss needles, which melt at 238°, with partial decomposition. 
It is a powerful bibasic acid, and forms crystalline salts. The aldehyde, which may 
be purified by repeated crystallisation of the barium salt, crystallises in long broad 
plates, melting at 131°. It is both an aldehyde and a monobasic acid ; it.s barium 
salt forms birgc colourless prisms, w'hich rapidly effloresce, and are only slightly 
soluble ill cold water. The compound of tlie al lchydo with acid sodium sulphite 
crystallises in long needles melting at 78'’. Besides the acid and aldehyde, other 
compounds, not yet investigated, are produced by the action of zinc on chlorosulpho- 
p-bromobenzoie acid. 

Trisulpho-hydroayhe azoic acidy C^II®iS*0'- — C"H(0Il)(80’II)“rJ001T, is 
prepared by heating a solution of 10 grams of benzoic acid in 20 g. sulphuric acid 
with 6 g. phosphoric anhydride and 20 g. sulphuric anhydride in scaled tubes for five 
hours. The conten.ts of the tubes are boileJ with water to expel sulphur dioxide, 
and the sulphuric and phosphoric acids are removed by addition of calcium carlwnate. 
To obtain the free acid, basic lead acetate is added to the filtrate, and the precipitated 
lead salt decomposed by hydrogen sulphide. 

Trisulpho-hydroxybenzoic acid is a yellow syrupy hygroscopic liquid, which, when 
dried at 100°, retains 2 mols. water. Both the acid and its salts produce wdth a 
drop of ferric chloride a deep carmine colour, which disappear-s on addition of sodium 
carbonate. The basic had salty (C'irS®0**)*Pb® + forms white opaque needle- 

shaped crystals which lose their water of ciystallisation at 226®. When decomposed 
]>y hydrogen sulphide, it is converted into the normal salt, O^H*S*0‘®Pb* + 

The basic potasAum salty C’HS®0**K*+ 2H*0, crystallises in monoclinic prisms ; the 
normal salty 2H*0, separates on adding alcohol to an aqueous solution 
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of tho acid which has heen nearly neutralised with potassium carbonate. The barium 
saltt is decomposed by long-continued heating at 100°, or by boiling 

with barium carbonate, in the latter case with formation of barium sulphate and 
barium disulphoxybenzoato, + 8H*0. 

Trisulphoxybenzoic acid appears to be completely decomposed by fusion with 
potash. On attempting to replace tho hydrogen in it by bromine, it splits up intfll^ 
monobromodisulpho- and dibromomonosulphoxybenzoic acids (Kretschy, Her, xi. 858). 

SUXiPBOBUTTRZe ACZD, C«H“(SO»nXCO'^H) (Hemilian, Her, vi. 196, 562 ; 
Lkhig^s Annalen, clxxv. 1 ). Of this acid there are two modifications, viz. : 

Cn».CH*CH(SO»H).COqr CH».CH(S0*&).CH»C0*H. 

The a-acid is obtained by the action of sulphuric hydroxychloride, CISO^OH), on 
normal butyric acid. 120 grams of tho hydroxychloride are poured upon 100 g. of 
tho acid contained in a retort, and tho action, which slackens after a while, is assisted 
by boating the mixture on an oil-bath finally at 150°. As soon as the evolution of 
hydrogen chloride ceases, tho liquid is diluted with water, the uncombined butyric 
acid is distilled olf, and the strongly coloured residue is boiled for some lime with 
lead oxide, whereby the greater part of the colouring matter is separated ; and on 
filtering and precipitating tho lead with hydrogen sulphide, a solution is obtained 
having only a light yellow colour. This solution is again saturated with lead oxide, 
tho resulting lead salt decomposed with hydrogen sulphide, the free acid then con- 
verted into barium salt, and this latter purified by repealed crystallisation. The 
several mother-liquors thus obtained were perfectly identical, showing that the action 
cf sulphuric hydroxychloridr^Oit butyric acid produces only one. sulphobutyric acid. 

a-Sulphobutyric acid is also formed, together with disulphopropiolic acid, C^H^S^O*, 
by heating butyramide with fuming sulphuric acid (compare Buckton a. Hofmann, 
V. 569). 

a-Sulphobutyric acid, when evaporated in a vacuum '»ver sulphuric acid, remains 
as an uncrystal lisalde hygroscopic syrup. Its salts crystallise well. Tho harivm 
salt, C*H ®BaSO® -t- 2)r"0, forms rhombic laminae, gives oif its water of crystallisation 
slowly over sulphuric acid, but remains undecomposed at 200°. 100 pts. water at 

Ifi'^ dissolve 7*11 pts. of the anl.ydrous salt; aqueous alcohol dissolves only traces. 
The cfl/cmw -I- 211*0, separates from tho aqueous solution in warty 

masses ; from a solution in alcohol of 50 per cent, mixed with an equal volume of ether 
in largo hemispherical groups of slender needles ; this reaction is characteristic of 
o-sulphobutyric acid. The silver salt, C^H®Ag'‘'SO®, is thrown down by alcohol from 
its aqueous solution as a wdiito amorphous precipitate which soon becomes crystalline. 
When left in a vacuum and in the dark, it crystallises in large shining quadratic 
prisms which Jidhere to the sides of the vessel in stellate groups. The solid salt 
decomposes at 1 40° ; the aqueous solution even at ordinary temperatures. Tho sitic 
salt, OH“ZnSO® + ir‘'(), is at first amorphoas, but crystallises after some time in largo 
four-sided prisms. Tlie copjTer salt, CHHCuSO'^ + 411*0, forms a blue-green varni-sh, 
or small emerald -green nodules; alcohol separates it from the aqueous solution ns a 
light blue precipitate. The last molecule of water is given off only at a heat above 
200°, the salt at the .same time undergoing docompo.sition. The/<rrrfifa/^C‘H“PbSO* + 
211*0, is thrown down by alcohol as an amorphous precipitate. The magnesium, 
sodium, and ammonium salts are very soluble in water, and crystallise very inmstinctly 
or not at all. Tho acid heated with alcohol and gaseous hydrogen chloride docs not 
form an other. 

When a-sulphobutyric acid or its barium salt is heated with 2 mols. phosphorus 
pontachloride, o-chlorobutyric chloride is formed, according to the equation : 

Cn«.CH*.ClI0SOMl).COOH + 2rcp = so* + 21101 + 2POCl* + OU*.CH*.CHCl.COCl; 
and on pouring the distillate — after freeing it from phosphorus oxychloride — into 
alcohol, ethyl o-chlorobutyrato, CIP.Cn*.CIIC1.00.0C*H*, is precipitated in 
the form of an oil which boils at 164°-168°. The sulpho-acid docs not appear to be 
converted into a hydroxybutyric acid by fusion with potash. Its barium salt, heated 
for three hours w’ith fuming sulphuric acid and phosphoric anhydride, yields only 
traces of disulphopropiolic acid, (v. 669), which, according to Baumstark, is 

the sole product of t he action of sulphuric hydroxychloride on butyric acid (vi. 1069). 

fi-Sulphobutgric acid, obtained by boiling ethyl jS-hydroxybutyrate with 
ammonium sulphite, is a transparent hygioscopic jelly. Its lead, Imrium, and calcium 
salts are thrown down by alcohol from their aqueous solutions in the form of fiocculent 
non-crystalline precipitates. Tho barium salt, dried at 150°, has the composition 
C*H®S0»Ba + H*0, and gives off its water at 200° (Hemilian). 
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SU&VttOCAMPBirXiZC ACXB, This acid, discoTered by Walter, 

and originally called sulphocamphoric acidf has been further examined by Kachler 
(Liebigs Annahn, clxix. 178), who prepares it by the action of sulphuric acid on 
camphoric aiih^'dride, exactly according to Walter’s directions (v. 489), excepting that, 
before saturating the diluted and filtered proihict of the reaction witli lead carbonate, 
he agitates it with ether, Avhieh remoA’es unaltered camphoric acid, and an isomeric 
acid haring the property of Wrcden’s mesocamphoric acid (vii. 235). Sulphocamphylic 
acid, separated from its lead salt, forms crystalline crusts and druses having the com> 
position C*'ll**SO‘* + 2H'*0, and giving off theiif water in a vacuum over sulphuric acid. 
An acid lead salt, (C’‘H‘‘’SO")‘“Pb+ 411-0, was once accidentally obtained from a solu- 
tion of the normal salt which had been inct^rapletcly decomposed by hydrogen sulphide, 
in nearly colourless well-defined fiat prisms. Tlie acid is strongly attacked at a 
gentle heat by nitric acid of sp. gr. i*25, with formation of oxalic acid and sulpho- 
pimelic acid (p. 1860). 

The crystals of sulphocamphylic acid, according to measurements by v. Zopharovich 
(incM. J5rr. Ixxiii. [1 Abth.], 1876, 7), aretrielinic. a\h‘. 0-8615 1 : 0*7590. 

In the first octant, 0-82° 38*5' ; i8= 121® 10' ; 7 - 1 1 1® 36'. Observed faces, 00 P 00, 
00 poo, OP, 3 'Pod, 3,P. Measurements only approximate. Cleavage imperfect parallel 
to 00 P 00. 

The acid lead salt forms orthorhombic c^3^stals. a : h : c = ()*7228 : 1 .' 0*8080. 
Observed fonns. 00 Poo, OP, Pao, 3P00, 4Poo, P, JP, |PiJ. Anglo of optic axes for 
white light = 78® 17'. Dispersion and double refraction weak. 

SUWBO-CAUAMZC ACZB, -CABBAMZBS, -CABBOBZC ACZB, 
-CTABZC ACZB, Ac. See the corresponding Tiiio-coMPouNns.* 

SUBPBOBSS, R-SO^ and 8VZ.PBOXZBSS, V-SO. Sulphones are stable 
compounds, which may be distilled without decomposition, are not reduced by nascent 
hydrogen (zinc and dilute sulphuric acid)*,*or by hydriodic acid and phosphorus, or 
attacked by phosphorus pentg, chloride, whtTcas the sulphoxiilos are retluced by nascent 
hydrogen, and are easily converted into sulphides by tlie action of phosphorus pciita- 
chloride. 

Sulpliones of tbe Fatty group may be prepared by oxidising the sulphides 
and sulphoxides of alcohol -radicles, (.’"11-“*', with potassium permniiganato, and ex- 
tracted from the products with ether (Jleckmann, J. pr. Chem. [2], xvii. 439). 

Dimethyl stilphone, (CH*)*S0'-, crystallises from alcohol in long tldck colourless 
shining needles melting at 109^. Methflethyl stif phone, (CII*)((y-fD)SO'-’, dissolves 
ea.sily in water, alcohol, benzene, arid chloroform, sparingly in cold ether and carbon 
sulphide, and crystallises from ether in slender shining needles melting at 36'^. 
Diethyl sulphme crysbdliscs from alcohol in rhombic plates. Diisopropyl mlphonc, 
[(CH*)-CH]%SO^ forms colourless inodorous crystals which melt, at 36 forming a 
liquid which often remains for days without solidifying. It dissolves readily in water, 
alcohol, ether, benzene, chloroform, and carbon siilphiile ; also in strong nitric, sul- 
phuric, and acetic acids, and is not precipitated from the acid solutions by water. 
Diisohutyl suJphone is a colourless syrupy* liquid having a faint but pleasant odour, ainl 
a density of 1*0056 at 18®. It boils at 265®, and solidifies in a freezing mixture to a 
crystalline mass which melts at 17°. It dissolves in 2 pts. water at ordinary tem- 
peratures, but is only slightly soluble in hot water ; readily in ether, alcohol, benzene, 
and carbon sulphide ; also in strong nitric, sulphuric, and acetic acids, and is repro- 
cipitated therefrom by water. Diisopeniyl- (or diamyl-) sul phone cryslallisos in groups 
of long needles permanent in the air, odourless, but having a sweetish burning tastij ; 
melts at 31'’, and boils at 295®. It is nearly insoluble in water and aqueous alkalis, 
but behaves to other solvents like the preceding compfuind. Phenylcthyl sulphone, 
(C*H*)(C*H^)SO'‘', produced by oxidation of phenylcthyl sulphide, crystallises in thick 
colourless plates melting at 42®, behaves to solvents much in the same manner as di- 
isopropyl sulphone, excepting that it is precipitated by water from its solutions in 
acids. 

EthyUnediethyl sulphone, formed by the action of permanganate 

on ethylenediethyl sulphide, ciysbillisos in short, hard, colourless needles, melts at 
136*6®, and volatilises without decomposition. It dissolves sparingly in cold, easily 
in hot water and alcohol, sparingly in ether, benzene, chloroform, and airbon sulphide ; 
easily in strong nitric and sulphuric acids, less easily in hydrochloric, still loss in 
acetic acid. 

• The prefix ‘ tliio * is now generally applied to compounds derived from oxy- or hydroxy-com- 
pounds by substitution of S for 0; tbe prefix 'siilpho* to bodies containing the group or radicle 
S0*H or its analogues, S0*C1, SO*NH“, &c. ; e.g . : 

(.’H“.co.sH <?o“fr.CH».so“ir 

Tbiacetic acid. Siilpbacctic acid. 
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JLromAtlo Sulphones. Beckurts u. Otlo {Ber. xi. 472, 2066) prepare these 
bodies by the action of aluminium chloride on a mixture of a sulphonic chloride and a 
hydrocarbon. In this way they have prepared diphenyl sulphme or sulplwibenside^ 
ditolyl aulphone or sulphotoluide, phenyltolyl sulphontf ; 

ohloroaulphobenzidef which molts at 93°, volatilises at a higher temperature, is in- 
soluble in water, sparingly in cold, easily in hot alcohol ; and phenylxytyl siUphoit^, 
This last compound, obtained from metaxylene and bcnzone- 
sulphonic chloride, forms yellowish- white needles, melts at 80", distils without 
decomposition, dissolves readily in etl*r and alcohol, but is insoluble in water. 

Michael a. Adair {Ber. x. 683) prepare aromatic sulphones by heating a mixture 
of a sulphonic acid and a hydrocarbon in a sealed tube at about 200° with phosphoric 
anhydride ; e.g . : 

C*H\S02.0H + C’JP - H‘-0 = (C«H')(C'fl’)S02 

Boiizeiiesul- Toluene. l»lieiiyltolyl 

phonic ucid. sulphone. 

The product is purified by submitting it to the action, first of a stream of aqueous 
vapour, then of dilute potash-ley, and lastly of alcohol, the pure sulphone then crys- 
tallising from the alcoholic solution. In this manner Michael a. Adair have prepared 
ditolyl .sulphone, (0^il')’*S0‘'', by heating paratolucnesul phonic acid and toluene with 
phosphoric anhydride for six to eight hours at 160°-1 70°, and jthcnylmphthyl sulphone, 
(C*11*)(C'“I1')S02 (p. 1307), from benzcnesulphonic acid and naphthalene heated for 
eight or nine hours at 170°-19()°. 

Baratolylphenyl sulphone, C®lP.SO“.C®H*(CH*), is prepared in like manner 
from y;-toluonesulphonic acid ind benzene, or from bonzencsulphonic acid and toluene. 
The product is exhausted silbcfs.sively with water and ether; the residue crystallised 
from alcohol; and the crystals which separate arc freed from coloured impurities by 
dissolving them in acetic acid, Jind treating- the solution with potassium permanganate. 
The sulphone thus prepared forms shining while rhombohedral tablets, or when crys- 
tallised from watiT, slender prisms. It melts at 194*0°; 1*62 pt. of it dissolves at 
20° in 100 pts. of absolute alcohol. Ortho- and mcta-compounds arc not formed 
simultaneously with the para-compound. 

Paratolyl-phonyl sulphone is reduced by nascent hydrogen and by hydriodic acid 
and phosphorus to the corresponding sulphide. Whou treated in acetic acid solution 
with potassium permanganate it is converted into p-sulphohemidecarboxylic acid 


so* ^ 

Phenyl-tolyl sulphone. 


/ \ CO*H 

j)-Sulphobenzi(le-carboxylic acid. 


This acid crystallises from alcohol in small prisms melting above 300° ; it dissolves 
sparingly in W'ater, benzene, and glacial acetic acid, easily in nitrolienzcne, and forms 
a flocciilent silver salt. C®H\ISO“,G'*lP.CO-Ag, very sensitive to light. The lead and 
copper salts are tioceulent precipitates, 

Ditolylsvlphonc or Sulphotoliiide, (G®HbCH’)-SO= (from paratolncnesul- 
phonic acid and toluene), is Qon\<iviciihy oiadn\\on\xi\o snlphohemid^-dicarboxy lie acid, 
l^C®U*.GO'^Il)^SCP, which very much resembles the monocarboxylic acid, and likewise 
melts at a temperature above 300°, 

Sulphohenzide-disulphonic aad, G®IP.SO*.G®llbSO*.0]r, is formed, together with a 
small quantity of beiizencsnlplionic chloride, by heating sulpliobenzide with sulphuric 
liydroxychlorido at 120°, and may bo extracted from the product by solution in water. 
Its barium and sodium salts are crystallisablc, aiul have the normal composition 
Otto a. Knoll, Ber. xi. 2076). 

On Ilydroxymlphobenzide (Oxysulphobonzide), (C®H^OH)‘SO® and its derivatives, 
see pp. 1474-1477. 

Sulphoxides, E’^SO. Those bodies, and not sulphones, are formed by the action 
of strong nitric acid on the sulphides. They combine, at ordinary temperatures, with 
strong nitric acid, forming compounds which contjiin 1 mol. of the siilphoxide to 
1 mol. NO®II, and are easily decomposed by water. Beckmann has obtained the 
sulphoxides of diethyl, diisobutyl, and ethylenodiethyl in the form of viscid syrups. 
Diiaopentylsulphoxide, heated at 1 50° with nitric acid of sp. gr. 1 -6, is partly converted 
into isopentylsulphonic acid. 

Beckmann has also studied the products obtained by the action of permanganates 
on sulphides containing an acid-residue and an alcohol-residue. Acetylethyl ^phide 
(ethyl thiacetate) is but slightly attacked by potassium permanganate, but a solution 
of silver permanganate, even when very dilute, is immediately decolorised by it, with 
formation of acetic and ethylsulphonic acids. Bensoylisopentyl sulphide (isopentyl 
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thiobenzoate) is but slightly attached by the permanganates of potassium and silver, 
even at the heat of the water-bath ; bensoylethyl sulphide (ethyl thiobenzoate), on the 
other hand, is attacked by silver permanganate in presence of sulphuric acid, even at 
ordinary temperatures. Diacctyl sulphide (thiacetic anhydride) is oxidised, with 
incandescence, by barium peroxide ; but when the anhydride is diluted with a tenfold 
quantity of ether, the action begins after some time only, and is attended with only 
slight evolution of heat, acetyl persi(lphid.e being formed, probably according to the 
equation : 

2(C*H»0)®S + Ba02 = (C‘1P0)*S* + (OTPO^Ba. 

Dlsnlpboxldes, (Pauly a. Otto, Ber. ix. 1639 ; x. 2181 ; xi. 2070). 

Diphenyl disulphoxi^^ (C®H*)-S‘0® (Ben^oldisulfoxyd), which Otto obtained, together 
with benzenesulplionic acid, % heating benzcnesulphinic acid with water (vi. 919), is 
also produced by the regulated oxidation of phenyl hydrosulphide, C^IPSII, with nitric 
acid of sp.gr. 1*3; by the action of strong sulphuric acid or phosphoric anhydride 
on sodium benzenesulphinate ; and by spontaneous decomposition of bonzenesulphinic 
acid, which takes place even in a sealed tube. It melts at 46'^, and is resolved by 
boiling with potash-ley into benzonosulphonic acid, benzenosulphinic acid, and 
diphenyl disulphide : 

2(C«H»)=S202 + H‘*0 = C®H».SO»H + + (C®H®)2S* 

Heated in alcoholic solution with zinc-dust, it is quickly and exactly resolved into 
zinc benzenesulphinate and zinc plienyl mereaptido ; 

2(C«H®)“S*02 + 2Zn = (C«H®S02)*Zn -i- (C®H»Sy“Zn. 

Diphenyl disulphoxide (rather more than 1 mol.) and phenyl hydrosulphide (1 mol.), 
heated together in alcoholic solution, are exactly resolved into diphenyl disulphide and 
bonzenesulphinic acid : 

(C®Hsy^S20* C®H*SH (C®H®)=S2 + C^IHSO^H. 

The same substances heated together directly in the same proportion yield diphenyl- 
disulphide, benzenesul phonic acid, and decomposition-products of bonzenesulphinic 
acid. Diphenyl disulphoxide is.converted by oxidation with potassium permanganate 
into potassium benzenesul phonato, (C®IDy’S-()--i-()®-i- 11*0 = 2(C*TI^SO’.OH), 

The reactions of tolyl duul 2 )hoxide are analogous to those of the phenyl-compound. 

SUMBOXrXG AGXas, K.S()^.OU (B denoting an organic radicle). A general 
method of preparing these acids is given by Hemilian [f/ichufs Annalen, clxviii. 14o). 
It consists in boiling the corresponding chloro- or iodo-compounds with an aqueous 
solution of normal ammonium sulphite (1 pt. to 2 pts. water), the reaction taking 
place according to the equation : 

BCl + (NH®)*SO» = NH^Cl + B.SO«.NH®. 

By diluting the product with water, boiling it with lead oxide as long as ammonia 
continues to escape, filtering from the resulting chloride or iodide of lead, and decom- 
posing the filtrate with hydrogen sulphide, the sulphonic acid is obtained in the free 
state. 

(1) . Sulpbonlc Acids of the Fatty Series. Ethylsulphonic acid, 
C*H\SO®.OH, is formed, together with ethylsulphinic aciil and ethyl disulphide, by 
the action of potash-ley on ethyl disulphoxide (Pauly a. Otto, Ber. xi. 2073) : 

2(C‘-*H'y-S20<' H*0 « C2H®.SO*.OU -i- C^ID.SO.OH + (C-^H®)«S2. 

An ethylene-disulphonic acid, 0*11^(80*11)*, isomeric with disulphotholic aciil 
(v. 666), is formed, together with sulphuric and acetic acids, hy oxidising thialdinc, 
(v. 772), with potassium permanganate. It is a syrupy liquid. The same 
disulphonic acid appears to bo formed by oxidation of thioaldehydo (Quareschi, Ber. 
xi. 1384, 1692). 

On Amidjo-ethylsulphmic acid^ C*1I®(NH*).S0*IJ, see Tauaine. 

(2) . Of ibe Aromatic Series. On Bemcncsulphonic acids, see pp. 223-259. 

Cymenesulphonic acid, C^^H'^SO^H. — According to BtiteTn6{Gagz. chim. ital. 
1878, 291), the sodium salt of this acid crystallises, not with 5 mols. water, as stated 
by Jacobsen {Ber. xi. 2049), but with only 3 mols. 

Pseudocumenol-sulphonic acid, C®if(CH*)*(OH).SO*H, is formed by dis- 
solving pscudocumonol in strong sulphuric acid, and separates from the solution in 
small shining crystals having the form of cupric sulphate ; on adding water to the 
solution, a crystalline pulp is precipitatexl, consisting of the hydrated acid. The 
potassium and zinc salts crystallise in rather long elongated laminae ; the copper salt 
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in indistinctly crystalline nodules. The sodium salt forms easily soluble rectangular 
tablets ; the haHim salt, thin rhombic tablets, soluble in 20 pts. water at 7 ° ; 
the slightly soluble silver salt consists of rectangular laminae. The chloride, 
C*H*®(OH).SO*.Cl, forms monoclinic prisms melting at 61®; the correspond ing 
sulphinic add, C®II*®(OH).SO.OII, molts at 98® (Reuter a. RadlofF, Ber. xi. 32). * 

PMoroglucol-sulphoniG add, G®IP(OH)*SO*H. See Phloroolucol (p. 1570). 

Anihracenedisulphonic acids^ C**H"(SO*H)*. — Anthracene, treated with 
sulphuric acid, yields two disulphonic acids which, by fusion with potash, are con- 
verted into corresponding dihydroxyanthraconcs ; and by oxidation of the acetyl- 
derivatives of those bodies, one of them is converted into chrysiizin (p. 108), the 
other into anthraruhn — a dihydroxyanthraquinono produced also by the action of sul- 
phuric acid on meta-hydroxy benzoic (ordinary oxybeiizoic) acid (see Addenda) (Lieber- 
niann, B&r. xi. 1610). To prepare this last-mcntioned disulphonic acid, Liebermann 
a. Bock [Jicr. xi. 1613) heat 100 pts. anthracene with 300 pts. strong sulphuric acid 
on a very gently warmed water-bath, till about 20-30 pts. anthracene are dissolved. 
Several sulpho-acids are thereby produced, but only the lead salt, C”Ii*(SO®)2Pb 
(dru*d at 170®]), of tho disulphonic acid in question separates from the strongly con- 
centrated solution as a slightly soluble yellow prtM,*i pi tate. The corresponding sodium sail, 
0“H*(SO*Na)* + form.s silvery more or less yellow laminae easily soluble in 

water, tho solution exhibiting a strong blue fluorescence, especially when dilute. Tho 
barium salt crystallises with 4 Jiiols. water in w'hite nacreous laminae. The free acid 
forms easily soluble flocks consisting of microscopic needles. 

Naphthalene-sulphonic aticjs, pp. 1353-1355. 

Toluene-sulphonio and Xylenc-stUphonio a/sids, see Tolxtenr and Xtlenr. 


Blazlnsulphonlc Aclds.^ This name may be applied to a group of compounds 
Jis’oycred by Gricss {JBer, xi. 2191), and named by him Sulj^xyhenscnephcnols, 
They aro produced by tho action of phenols and their derivatives on diazobenzenc- 
sulpnonic acids and other diazo-compounds. Some of thorn are dyo-stulfs, known in 
commerce as tropmolino, chrysoidine, roccellino, &c. 

The positions of tho hydroxyl- and sulphoxyl-groups in tho following compounds 
with regard to tho N^-groups may be denoted by figures (as in tho naphthalene- 
derivatives, p. 1375), plain on the right, accented on the loft. 


4» 1 1 4 

i. [4^— 4] Hydro xydiph enyldiazinsulphonic add, C*H^(OII).N=:N.C®IP(SO“H), or 
011^ \sO®H. The potassium salt of this acid is obtained by 

graduaTly stirring into a solution of phenol in a tenfold quantity of 10 per cent, potash- 
ley, a quantity of pnradiazobonzenesulphonic acid equivalent to the phenol present. 
The resulting deep yellow-rod liquid is loft at rest for a short time, then heated and 
supersaturated with acetic acid, whereupon it yields, after cooling, an abundant crop 
of light yellow laminae, consisting of tho acid potassium salt of the diazinsulphonie 
acid. Tho crystals may be separated from the mother-liipior by filtration, and puri- 
licd by repeated crystallisation from boiling waiter with the :iid of a small quantity of 
animal charcoal. Tho free acid may bo separated by mixing a hot concentrated solu- 
tion of this salt with a very large excess of strong hydrochloric acid, and purified by 
recrystallisation from boiling water confaiining a small quantity of hydrochloric sicid. 
It is nearly insoluble in hydrochloric acid ancl in other, but dissolves readily in water 
and alcohol, and crystallises from a coucenirated aqueous solution in yellow-rod 
prisms with strong violet surface-shimmer. It decomposes when heated, giving oif 
pungent vapours, and leaving a difficultly combustible cinder. Nitric acid, even when 
diluted with three or. four times its volume of water, decomposes it at the boiling heat, 
forming oily products, which afterwards solidify to yellow crystals. With tin and 
hydrochloric acid it yields paramidophenol and sulphaiiilic acid. With bases it forms 
acid and neutral salts, most of which crystallise well. The acid potassium salt. 


• Tho nunio ‘ diazin ’ has boon Biipgostod by Dr. Armstrong for compounds of tlic typo 
IV— N=?N— It', hitherto known as ‘ azo-ooinpounds,* thus : 

Diphcuyl'diazin 

(Azobonzciie.) C'lf.N = N.C'H* 

Phonyl-naphthyl-diozin .... C*H*.N = 

Dinaphthyl-diozin 

(Azonaphthalene.) = N.C«H’ 

It has the advantage of Indicating tho relation of these compounds to tho hydrazines, K'.NII.Nn .11' 
(p. 1048). The prefix * azo * is more appropriately applied to compounds in which a nitrogen-atom simply 
replaces 8 atoms of hydrogen, o.g. Azomethaue (Ifydrogcn Cyanide or Methonyl-nitril), CRN ; 
Azo^thaoo (Methyl Cyanide oz Ethenyl-nitril), C’H^N ; Azo-tolueue (Phenyl Cyanide or Beuunitril), 
O’H'IT. 

Vor.. VIII. 6 D 
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prepared as above, or by boiling a concentrated aqueous solution of the 
acid with potassium chloride, forms thin, yellow, highly lustrous rhombic or six-sided 
plates, mostly imperfectly developed and easily soluble in hot water. The aM 
barium salt, (C**lI®N'^SO^)-*Ba + 5IPO, obtained by the action of barium chloride on a 
hot aqueous solution of the acid, crystallises in reddish-yellow microscopic plates only 
slightly soluble in water, even at the boiling heat. The fiormal barium salt,! 
C'*H®N^O^Ba, is obtained by adding barium chloride to a hot strongly ammoniacal 
solution of the acid, as an orange-coloured precipitate composed of sm^l nodules, and 
very slightly soluble in water even at the boiling heat. 

4 ' 1 1 8 

ii. [4'- 3] Hydroxydiphenyldiaeinsfulphonicacid, C®H*(OH)N=:N.C*H*(SO*H), or 

so* H 

OH ^ is formed by the action of the motamidobenzenesulphonie 

acid prepared from motadiazobenzenesulphonic acid, on an alkaline solution of phenol. 
It is insoluble in ether, dissolves readily in water and alcohol, ^nd to nearly the 
same amount whether hob or cold, and crystallises from the aqueous solution by; 
spontaneous evaporation in long narrow pentagonal laminae having a violet shimmer.' 
By tin and hydrochloric acid, it is reduced to metamidobenzenosiilphonic acid and 
paramidophenol. The acid potassium salt, crystallises in long needles, 

and is somewhat more soluble in water than the corresponding salt of the preceding 
compound. 

1 3 4 

iii. [3:4] Hydroxydipke7iyldiacinsulphonicacid, C®H*.N=N.C®lI*(SO“HXOH), is 
obtained by the action of diazobenzene nitrate on an equivalent quantity of ortho- 
phenolsulphonic acid in alkaline solution. The free acid dissolves easily in water and 
in alcohol, but is nearly insoluble in ether. From a cold concentrated aqueous solu- 
tion, it separates, on addition of strong hydrochloric acid, in thin, rhombic, yellowish- 
rod, shining laminae, which change on stirring into microscopic needles. By slow 
evaporation of its aqueous solution it is obtained in large cherry-nnl rhombic tables or 
prisms. With tin and hydrochloric acid, it yields aniline, and the amidophenol- 
sulphonic acid described by Post (vii. 922). 

iv. [2\’ 4'— 4] Nitrohydroxydiphenyldiazimulphmic acid, 

a 2 11 4 ' 

C“H*(OH)(NO*)N=N.C®HXSO®H), formed from paradiazobenzenesulphonic acid and 
orthonitrophenol, is slightly soluble in alcohol, and crystallises therefrom either in 
slender yellow needles or in well-defined rhombic or hexagonal laminm. It dissolves 
with moderate facility in hot water, the solution solidifying on cooling to a crystalline 
pulp. The dry compound detonates strongly when heated. 

1 4 

V. Lihydroxydiphenyldiazin-p-sulphonic acid, C®IP(OII)*NzrN.C®HXSO*JI), is 
formed by the action of paradiazobenzenesulphonic acid on a solution of resorcinol in 
potash, and separates on addition of acetic acid, in the form of a crystalline acid 
potassium salt. The free acid sepanited from this sfilt by strong hydrochloric acid is 
nearly insoluble in ether, very slightly soluble in alcohol and in cold water, more 
freely in hot water, and crystallises in acute rhombic laminae, often elongated into 
needle-shaped crystols, steel-blue by reflected, ruby-red by transmitted light. It is 
decomposed by boiling with nitric acid, and when treated with tin and hydrochloric 
acid, yields sulphanilic acid and amidoresorcinol. Tt appears to be identical with the 
dye-stuff callea tropaeolin 0, which Witt obtained by the action of sulphuric acid on 
resorcinol-diazobenzene. The acid potassium salt, C'^IPN-^SO^K, crystallises in 
reddish-yellow rhombic or six-sided laminae, sparingly soluble in cold, easily in hot 
water. Hydrochloric acid precipitates it from its aqueous solution at first without 
alteration, but a large excess of the strong acid decomposes it. The add barium salt, 
(C**fl*N^O®)*Ba, crystallises with 4H*0 

vi. The corresponding wtc^a-compound, [Ni=N : SO*H = 1 : 3], crystallises in 
yellowish-red slender needles which, like the last compound, are insoluble in ether, 
but slightly soluble in water. With tin and hydrochloric acid it yields metamido- 
bcnzonesulphonic acid and amidoresorcinol. The acid potassium salt forms hygro- 
scopic needles, sparingly soluble in cold, easily in hot water. 

vii. Methyldihydroxyphcnyldmzin-p-sulphoniG ojcid, 

C®H^CH*)(0n)*N3i:N.C®HXS0*H), prepared from orcinol in the same manner as the 
preening compounds from resorcinol, forms small yellowish-red noodles, sparingly 
soluble in hot very sparingly soluble in cold water. The add potassium salt has the 
composition C»H‘»N*SO*K + 2H*0. 

3 ' 2 ' 1 1 4 

viii. Sidwsylodiphenyldiazin-p-sulpttonic add, C^II®(CO*H)(OH)H=NC®H^S0*H) 
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crystalliBes in fine golden-yellow needles, insoluble in ether, sparingly soluble in 
water, more freely in alcohol. The acid barium salt^ (C**H®N®SO®)*Ba, obtained by 
^e action of barium chloride on a hot solution of the freed acid, forms a light yellow 
precspitato, somewhat gummy at first, but converted by boiling into irregular six- 
sided laminae having a strong lustre ; very slightly soluble in cold, more freely in h^L 

ix. lHhydroxyphenylxylyUiaains\dphan^ add, C®Il*(OH)*N=i:N.C®H®(SO®IT), 
forms yellowish-red slender needles, sparingly soluble in hot, still less soluble in cold 
water, more easily in alcohol, insoluble in ether. 

X. Hydroxylr^-Naphtkylphmyldiadn-y-sulphonic add, 

1 3 

a-C‘®H®(OH)Ni=:N.C®H^(SO*H), is formed from o-naphthol and paradiazobcnzoncv 
sulphonic acid, and occurs in commerce s.Bl^drricr's orange. No. I. The corrtjspundiijg 
(i-naphthd compound is Poirrier's orange. No. II. 

xi. Hyda^oxyl-orNaphthylphmyldiazin-m-mlplionic add, 

13 

a-C'®H®(OH)Nn:N.C*II®(SO*II), is sepanitcd from its or,ingo-colourod aqueous solution 
by hydrochloric acid in very small blackish-green lamina?, which when pulverised appear 
gold-green by reflected, violet by transmitted light. It is insoluble in other, dissolves 
sparingly in cold water and cold alcohol, more easily in those solvents on warming. 

xii. Hydroxyl-^Naphthylphmyldiazin-m-sulpJionic add, 

1 3 

j30'®H®(OH)N~N.C®n^(SO®ll), separates on mixing tho two solutions as a brown oil, 
which after some time solidifies in noodles. It is slightly soluble in ether, moderately 
soluble in water and in alcolict. Its i>owdcr is gold-greon by reflected, red by trans- 
mitted light. Tho add barium salt, (C“1I"N=^0^)-Ba+ 61IH), obtaineil by t reating a 
hot solution of tho acid with barium chloride, crystnllises in yellowish-red scales having 
a golden lustre, and sparingly soluble in boiling water. 

xiii. PhenylhydroanfUoL-lfaphihyldiazinsulphonic acid, 
C®H^Niz:N.a-G’®II®(SO®H)(OIl). — The sodium salt of this acid is obtained by mixing 
a solution of sodium-a-naphthylsulphonatc with aniline and potassium nitrite : 

C'®H’SO®H + C«HW 0*®H>*S0*. 

Naplithylsul- Biazo- « 

phonic acid. benzene. 

By dissolving the product in ammonia, precipitating with liydrochloric acid, and re- 
peatedly crystallising it from a hot mixture of alcohol and liydrochloric acid, tho free 
acid is obtained in slender brown-red needles moderately soluble in water, more 
readily in alcohol, insoluble in ether. It dissolves in alkalis with brown-red colour, 
changing to deep violet on acidulation. The sodium salt is moderately soluble in hot 
water, less soluble in hot alcohol, insoluble in ether; it is a dye-stuff producing a fine 
orange-colour inclining to red. At a high temperature it decomposes with strong 
intumescence. Tho silver sail, C‘®H‘*N^O^Ag (at 100°), crystallises in line l)rick-red 
needles. Tho barium sail, (C“'fT"N^O^)'-Ba, and the calcium salt, are also crystalline 
precipitates (A. W. Hofmann, Bcr. x. 1378). 

xiv. The corresp(»iidiiig &-naphthi/l~compound, obtained by tho action of diazo- 
benzono nitrate on an alkaline solution of /B-naphtholsulplionic acid, crystallises in 
red-brown needles having a gold-gnon surface-shimmer, moderately soluble in water 
and in alcoliol. The acid barium salt, (C*®H”N“SO^)-Ba, separates on mixing a liot 
dilute aqueous solution of the acid with barium chloride, in very small nodular groups 
of yellowish-rod microscopic luminse, which are but very sparingly soluble even in 
hot water. 

XV. Vhjcnyl-hydroxyl-^~Naphthyldiasindisulphoni€ add, 

4 1 

C®H®(SO»H)N=zN.i8C>®H®(SO»H)(OH), 

is obtained, on mixing the barium salt of Poirriers orange II. {supra) with the 
exact quantity of sulphuric acid required to decompose it, and evaporating the filtrate, 
as a yellowish -red crystalline mass, soluble in all proportions in water and in alcoliol. 
Its add hairium salt, C'®Il’®N*S'‘‘0’Ba-f 7jn*0, crystallises iu deep orange-red micro- 
scopic needles, which dissolve sparingly in hot and very sparingly in cold water. 

xvi. fi-Hydroxyldinaphihyldiazinsnlphcniic add, i3C'"H®(OH)Nr:NO'®H®(SO*JT), 
is produced, as first shown by Caro, by the action of diazonaphthionic acid on jS-napli- 
thol. It dissolves very readily in alcohol with blood-red colour, and separates from 
the boiling-hot solution on addition of hydrochloric acid, in small red-brown needles 
yielding a blood-red powder, sparingly soluble in cold, more readily in hot water, 

6 D 2 
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almost insoluble in ether ; it is tasteless, and decomposes when heated in a test-tube, 
leaving a very difficultly combustible cinder. The acid barium salt, 
is obtained on mixing a moderately strong aqueous solution of the free acid with 
barium chloride, as a brown-red precipitate composed of microscopic needles. 

xvii. ffydrox^dicarboxi/lphen^l-a-ydphihyldiasinsulphonic acid, 

C«H»(SO»H)(CO*H)N=N.«-C*®H»(OH)(CO‘-H), 

formed by the action of diazosulphobenzoic acid on an alkaline solution of a-hydroxy- 
naphthoic acid, crystallises in microscopic needles or laminse having a brown colour 
with bronze surface-shimmer, sparingly soluble in hot, very sparingly in cold water. 

xviii. Dibromodihydroxi/phenylnajthihi/ldiaHnsulphonic acid, 

C‘»IP(OH)2N=rN.G»Il*Br*(SO»B), 

is formed by the action of diazodibromobenzonesulphonic acid on dihydroxynaphthalene. 
It dissolves with moderate facility in boiling water, forming a yellow solution, from 
which it is precipitated by hydrochloric acid in violet-brown microscopic needles 
(Griess). 

SUXiPBOPBBNOXiZC ACZBS. Syn. with Phbnolsulpuonic acids (pp. 1538- 
1640). 

SUXiPBOPBXiOROOXiircZG ACID. Syn. with PhlobOglucolsulfhomig 
ACID (p. 1572). 

SVZiPBOPZMfiZiZC ACZD,C7I1>^0^>^C^H*'S0>H, is produced, together with 
oxalic acid, by the action of nitric acid of sp. gr. 1*25, at a gentle heat on sulphocam- 
phylic acid (p. 1854). 

C*H»«SO« + O" = C^HJ^SO' + + H^O. 

It forms colourless crystals, very soluble in cold water (Kachler, Liebigs Annalcn, 
clxix. 178). ' 

SmbPBOPROPZOmC ACZB, C»II«S0S (A. Kurbatow, Ber. vi. 663). The 
o-modification of this acid, CH*.OH(.SO*H).CO'^H, is formed: — (1). By boiling a- 
chloropropionyl chloride, OH.*.OHC1.COC1, with an aqueous solution of normal 
ammonium sulphite, in the manner described by Hemilian (p. 1857). (2). By the 
action of sulphuric hydroxychloride (1 J pt.) on propionic acid (1 pt.), ^e mixture 
bein^ warmed to complete the action, the product then diluted with water, the unaltered 
propionic acid distilled oif, the residue saturated with lead oxide, and the lead salt 
decomposed by hydrogen sulphide. The acid thus obtained is purified by repeated 
conversion into lead salt and separation therefrom. The free acid forms a syrup 
easily soluble in watw and in alcohol. The barium salt, C*II*BaSO* + 2H®0, crystal- 
lises in colourless shining scales, sparingly soluble in alcohol, more freely in water 
(7'4 pts. in 100 water). The calcium salt, C^H^CaSO* + 21PO, is thrown down by 
alcohol from the aqueous solution as a flocculcnt precipitate. 

The normal sodium salt crystallises in deliquescent needles, and the acid salt forms 
prisms with 3 mol. of water. The normal potassium salt is very soluble, and does 
not crystallise well, and the less soluble acid salt forms needles. The normal copper 
and silver salts separate on evaporation in crusts, consisting of microscopic needles. 
The cine salt is a gummy muss, in which crystals form on standing in the air. The 
lead salt forms glistening crystils. 

Snlphopbenylproplonlc acldf is obtained by reducing the bromi- 

nated acid with sodium-amalgam. Its acid barium salt, (C®H®SO*)-Ba -i- 5H20, forms 
small tabular triclinic crystals exhibiting the combination oopoo (predominant) 
oof 00 .OP. Axial angles, a = 87° 26' ; i3 = 108® 68' ; 7= 78® 6'. 

The crude sodium salt fused with potassium hydroxide yields m£^a-hydroxy- 
benzoic acid ; consequently the acid is me^a-sulphophenylpropionic acid, 
C*.SO*H.H.C*H^(CO*H).H*, and its bromo-derivative is mrabromo-^raetosulphophenyl- 
propionic acid, C«.SO»H.H.C2HXCO*H).Br.H* 

Bromosulphophenylpropionic acid, C!®H®BrS*0* = 
C«H>Br(SO»H.CH*.OH*.COOH (Goring, Chem. Centr. 1877. 793, 808). This acid is 
prepared by adding parabromophenylpropionic acid (p. 1566), in small portions (not 
exceeding 16 grams), to a threefold quantity of fuming sulphuric acid, care being 
taken that the temperature of the mixture does not rise above 60®. On diluting the 
mass with water after twelve hours, a small quantity of bromocinnamic acid separates 
out; and the filtrate, after due concentration, yields a crystalline deposit of bromo- 
sulphophenylpropionic acid, which, when freed from adhering sulphuric acid, crystal- 
lises in rhombic plates permanent in the air, having the composition C^'IPBrS’O^ 
•I- 2^H^O, and gradually giving off about 2 mol. water over sulphuric acid. The 
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crystals, according to measurements by Haushofor (Zeiisc^r. Kryst, ii. 91)— who like- 
wise examined the forms of the following salts — are orthorhombic, having the axial 
ratio a\h\ c=:0’7831 : 1 : 1'3013, and exhibiting the combination OP . 3P . P, 
tabular according to OP, indistinctly cloavablo parallel to OP. The normal barium 
salt forms a soft mass of felted microscopic needles, only slightly soluble in water oven 
at the boiling heat. The amount of water of crystallisation in this salt (1 or 2 
has not been exactly determined, and the same is true with regard to the following 
salts. The acid barium salt^ (C®lPBrSO‘^)‘‘‘J5a + 8H-0, forms triclinic crystals, whicli 
quickly effloresce, a: b: c=: 0*4941 ;,1 : 05046; a = 68° 36'; i3 = 98° 22'; 7=83° 
38'. Observed faces, ooPoo , oojPoo , OP, 'P^oo ; 'oo , oo/P, ooP' . Angle 
oopoo : OP = 78° 26'; ooPoo : OP = 67° 13'; ooPoo : ooPoo = 79° 45' ; ooPoo : /Poo 
■ 76° 65'; OP : /Poo =21° 18'. The brachypinacoid, ooPoo,is vertically striated. 
No cleavage. Tho normal calcium salt, C®H®BrSO'*Ca + 3H®0, forms hard crusts made 
up of microscopic needles. The acid calcium salt, (C®H*BrSO'‘)^Ca + 8H®0, is mono- 
clinic. a : 5 : c= 0*9774 : 1 : 0*7962 ; ^ = 86° 45'. Observed faces, ooPoo, Poo, 
00 P, ooP4, qoP 4. Tabular according to ooPoo, which is mostly vertically striated. 
Angle ootoo : qoP = 44° 18'; ooPoo ; Poo =87° 27'; Poo : Poo =77° O'. 

SU&PHOSA&XCTUC ACZB, C®H®(0HXS0»1I)C02H. The two potassium 
salts of this acid, C'H^K^SO®+ 1^ and 2II®0, described by Ira itemsen (vii. 1125), 
yield when fused with potash, as sole products, salicylic acid and phenol (Sill. Am. J, 
[3], vi. 284). 

SUZiPBOTOZiUZC ACZD, SOsU.C'Il^.CO^H. See Toluic acids. 

SUXiPHOTOZiUZDE, (C’H')2SO®. See Solphones (p. 1855). 

SUXiPHO-irBEA. with 'riiiocAiiBAMiDE (p. 395). 

SUEPBO-UXETBANE, NmCy.SC^'H®. Syn. with Etiiyd TmocAiiuAMArw 
(p. 386). 

SVXiPBUBa Influence of Gypsum on the Extraction': of Sulphur hy Distillation. 
According to Sostini (Gass. chim.Ual. 1874, 29), the saying of the miners in tho 
Bomagna, ‘ that gypsum destroys sulphur/ finds its explanation in tho fact that gypsum 
and sulphur, at the temporature at which tho latter distils, act on one another so as to 
form sulphur dioxide and calcium sulphide, according to the equation CaSO* + 2S 
= 2SO® + CaS. At tho melting point of sulphur this reaction takes place to a slight 
extent only, and by itself Mould not occasion any considerable loss of sulphur ; but 
the loss is increased by the circumstance that tho expulsion and volatilisation of tho 
crystallisation-wator of tho gypsum absorbs a quantity of heat which must be supplied 
by the burning sulphur. When sulphur is distilled under similar conditions over 
gypsum and over calcium carbonate, the latter gives rise to the formation of a much 
larger quantity of calcium sulphide than tho former. 

Physical Properties. — Crystals of sulphur from a mine in Sicily havo been found 
by 0. Silvestri (Gass. 1873, 578) to agree exactly in crystalline form and other 
physical characters with artificially crystallised rhombic sulphur, f^p. gr. = 2*00630 
at 26°. Melting point 124-125°. Solidifying point 96-99*5°. Specific ho.it 
= 0*1776. 

On the Expansion-coejflcient of Fused Sulphur, as determined by Pisati, seo 
Heat (p. 936). 

Gemez (Compt. rend. Ixxix. 219) finds that it is possible to obtain at pleasure, 
from the same solution and at the same temperature, either tho octohcdral or tho. 
prismatic modification of sulphur, by dropping into a supersaturated solution of 
sulphur in benzene or toluene, an octohodral or a prismatic sulphur-crystal ; or tho two 
modifications may bo obtained simultaneously by dropping in the crystiils of tho two 
kinds together. 

Further exporimonts hjive shown that tho octohodral and prismatic modifications 
may also be produced simultaneously from melted sulphur. Fused sulphur left to 
cool in a vessel in which it is protected from the dust of tho air is easily obtained in 
the state of superfusion, and may then be mad| to solidify by contact with a cold 
body, especially with a fragment of a prismatic sulpliur-crystal, or by nibbing two 
bodies together within tho fused mass. The crystals formed under these conditions 
are always prismatic. If, on the other hand, a fragment of an octohodral sulphur 
crystal be dropped into the superfused mass, tho octohcdral modification will bo 
formed, and the solidification will proceed much more slowly. 'Ihc best way of 
making this experiment is to molt the sulphur in a U-tube, then leave it to cool, ami 
^op a crystal of octohodral sulphur into one arm of the tube. An octohedral crystal 
is then immediately seen to form at the surfiice of tlie liquid, and to grow downwards 
till it reaches the lower layers, tho solidification being accompanied by a contraction 
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of volume, evidenced by the sinking of the level of liquid in the other arm by about a 
seventh of its original height. When one ana of the tube has thus been filled with 
octohedral crystals, if the surface of the liquid in the other arm bo touched with a 
prismatic sulphur-crystal, this arm of the tube will in a few seconds bo completely 
filled with prismatic crystals of sulphur. The two kinds of crystal are transparent, 
and at first undistinguishable in appearance ; but, on leaving the tube at rest for 
awhile, the prismatic crystals in contact with the octohedrons become opaque and 
paler, whilst the octohedral crystals retain their colour and transparency (Gernoz, 
Compt. rend. Ixxxiii. 217). »■ 

According to Barilari {Gazs. 1878, 178), the crysbils of sulphur which separate 
from an alcoholic solution of ammonium sulphide at ordinary temperatures are mono- 
clinic. 

According to W. 1^. Hodgkinaon (Chem, News, xxxiv. 68), the plastio modification 
of sulphur may be obtained in the wet way by passing hydrogen sulphide into a 
solution of iodine. 

On the Ismnorphism of Sulphur and Selenium, see Rammelsberg (Ber, vii. 669 ; 
Jahresh. f Chem. 1874, 206). 

Solubility in Acetic Acid, — According to L. Liebermann {Bar, x. 866), acetic acid 
can dissolve a considerable quantity of sulphur. On diluting the solution with 
water, a precipibito of sulphur-milk is formed ; and when it is evaporated under the 
air-pump, the sulphur remains in the form of long slender prisms. 

Direct According to Follacci {Gazz. chim. ital. 1875, 237), sulphur is 

directly oxidised by the oxygen of the air. He finds that sulphur, when moistened 
with water or merely expo.sed to moist air, is converted after some time into sulphuric 
acid. Moist fiowers of sulphur form in a given time ailargor quantity of sulphuric 
acid than sulphur which has been melted and pulverised, probably because they 
expose a larger surface to water and air. The crystals of gypsum and sulphur which 
form in the clefts of San Filippo in Tuscany are often found to be soaked in free 
sulphuric acid. In the bath-fooms of Aix in Savoy, the limestone walls and the iron 
plates on the doors and windows are gradually converted into sulphates, and the 
linen curtains are very quickly destroyed by the action of the free sulphuric acid. All 
these effects are attributed by Follacci to the oxidation of hydrogen sulphide. 

Itelative Affinity of Sulphur and Oxygen for Metals. — 0. Schumann 
(Jjiehifs Annalen, clxxxvii. 286) has endeavoured to determine the relative affinities 
of sulphur and oxygen for metals from a comparison of the results of experiments on 
the action : ( 1 ) of hydrogen on sulphates ; (2) of superheated steam on sulphides ; 
and (3) of hydrogen sulphide on oxides. The substances experimented on were 
heated in tubes of glass or porcelain, while a current of pure hydrogen, or of steam, 
or hydrogen sulphide, was passed over them, and the products of the action were then 
analysed. The results are given in the following table, which shows, also, those 
previously obtained by other investigators ; — 


3 

S 

Action of Hydrogen on 
the Sulphate 

Action of Slcnm on the 
Sulphide 

Action of Hydrogen sulphide 
on the Oxide. 

Na 


la. 

Na®S (Kirscher). 

K 

(Berzelius). 



Cu 

Cu (Arfvodson). 

Ib. 

Cu (Regnault). 

Cu^S (Schumann). 

Ag 

Ag (Schumann). 

Ag (Regnault) feeble. 

Ag*S (Bdttgor). 

Mg 

MgO (?) 

Ila. 

MgO (Schumann). 

Very little MgS 

Ca 

CaS (Regnault). 

Ca© + very little CaSO • 

(Schumnnn). 
4CaS + SCaO 

Sr 

iSrS (Forster). 

(Schumann). 
SrSO^ (Schumann). 

(Schumann). 
2SrS + SrO 

111 

12SrS -h SrO 

(Schumann). 
BaS (Forster, 

Sclmraann). 

BaSO* (Regnault, 

(Schumann). 

BaS (Berzelius). 


Liuth, Schumann). 

SBaS + BaO 

(Schumann). 
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Metal 

Action of Hydrogen on 
the Sulpliato 

Action of Steam on the 
Solphido 

1 Action of Hydrogen sulphide j 
1 on the OxMlo i 



Ilb. 


Zn 

ZnOS (Arfvedson, 

Kainmelsborg) 

ZnO (Regnault). 

ZnS (Arfvedson, 

Schumann). 

Cd 

CdS+Cd (Schiidler). 

CVIO^ (Ilegnnult, 

Wackenroder). 

CdS (Schumann). 

ng 

Hg (Schumann). 

Ug (llegnaiilt). 

III. 

IJgS (Schumann). 

Al 

1 A1®0® (Schumann). 

1 AFO* + a little 

1 AP(SO‘)* (Schumann). 

IV. 

A little APS* 

(Schumann), 

Ti 

— 

TiO® (Regnault). 

— 

Sn 

Sn + SnS* (Arfvedson). 

SnO'-* (Regnault). 

SnS (from SnO) 

(Schumann). 
SnS* (from SnO*). 

Pb 

Pb + PbS (Arfvedson, 

PbS + Pb + PbO 

Pb + PbS (Schumann). 


Hod well). 

« 

(Bescotils). 
PbS + PbSO^ 

(Pattinsoii). 

V. 

^ As’OS® (Regnault). 

r 

As 

_ 

I As*S* (Schumann). 

Sb 

Sl.»0* + St) + StAS> 

(Arfvedson). 

SbW (Rognaiill). 

Sb'0*S< (from Sb*0*). 

SbH)Ss (from Sb*()-'‘) 

(Schumann). 

Bi 

Bi (Arfved.soii). 

Bi (Regnault). 

VI. 

Bi^S* (Schumann). 

1 

Cr 

Cr*0* (Schrottcr). 

Ci®0* + Cr2S=> (Traubo) 
12Cr*0> + CrH)=»S» 

(Schumann). 

Cr^O* + Cr"S* 

(Regnault). 

VII. 

Cr*S* + 0r*0* 

(Scliumnnn). 

Mn 

Mn*OS (Arfvedson). ! 

Mn®0^ (Regnault). 

MnS (Arfvedson). 


Fe^S (from FoO). 

Fo^’O* (Regnault). 

Fo-0* + l, 2, 3 Fo-S=* 

Fo 

Fo"S (from Fe'^OO 

(Arfvedson). 


(Rammclsbcrg). 
Ke'^S® (Rammelsberg). 

Co 

Co“OS (Arfvedso]i). 


FeS (Sidot). 

I'cS* (Berzelius). 



GoO (Regnault). 

Co*OS (Schumann). 

Co-S* (Berzelius). 

Co‘S^ (Arfvedson). 

Ni 

NPS (Arfvedson). 

NiO (Regnault). 

Co*S> (Hjort). 

NiS (Arf. Schu.) 


In group Ifl, the experimentfl are incomplete, owing to the want of vessels which 
are not attacked by the fused sulphides. There can be little doubt, however, that 
the sulphides would be converted into sulphates by the action of superheated steam ; 
and since the oxides also yield sulphides with hydrogen sulphide, it follows that the 
metals of this group have a greater affinity for sulphur than for oxygen. 

In group 16, copper and silver behave exactly alike, and the affinities of sulphur 
and oxygen for these metals are about equal. 

In group Ila, where the metals are arranged in the order of their atomic weights, 
the affinity for sulphur is seen to increase from magnesium to barium. Magnesium 
exhibits a grejiter affinity for oxygen ; with calcium, the affinities for sulphur and for 
oxygen are about equal ; whilst strontium and barium display a decidedly greater 
affinity for sulphur. 

In group II6, the affinities of the metals for sulphur and for oxygen are about 
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equal. The action of hydrogen on the sulphates shows that the affinities of the 
metals for both metalloids decrease in the order of the atomic weights, ^nc yielding 
oxysnlphide and cadmium yielding sulphide, whilst mercury yields only metal. 

In group IVf the affinity of the metals is slightly greater for sulphur than for 
oxygen. 

In group VII, manganese and iron exhibit equal affinities for sylphur and for 
oxygon. Nickel and cobalt show a somewhat greater affinity for sulphur. 

The table exhibits a periodic rise and fall in the affinities of the metals for sul- 
phur. In the first group the affinity docrea^es from potassium to silyor. In the 
second group, it is almost nil with magnesium, increases from thence to barium, and 
decreases to mercury. In the third group, aluminium shows a minimum of affinity 
for sulphur. In the fourth and fifth groups the affinity for sulphur increases up to 
arsenic, and then decreases to bismuth. In the sixth group, it is once more at a 
minimum with chromium, and from thence increases throughout the seventh group. 

The general conclusion from these experiments appears to be that the strength of 
affinity for sulphur in comparison with that for oxygon is greatest in metals of 
highest atomic volume. 

SUXiPHVR BROMIDES (Hannay, Chem. Soc. J. xxvi. 823; xxxiii. 284). 
When flowers of sulphur are treated with bromine, about 0*08 per cent, remains un- 
dissolvcd ; this portion appears to belong to the prismatic modification, as it remains 
undissolved also when the flowers of sulphur are treated with carbon sulphide. Pul- 
verised rolled sulphur, on the other hand, is completely dissolved. The vapour which 
surmounts the mixturA' of sulphur and bromine exhibits, even at 0°, the characteristic 
absorption-spectrum of bromino, but on addition of a lnrge*r quantity of sulphur this 
spectrum gradually disappears. , 

The following are the temperatures at which the spectrum ceases to bo visible in a 
column 0'5 meter long of the vapour sttmding over different mixtures of sulphur and 
bromine : * 

For S‘Br S“Br* • S*Br S*Br* SBr S*Br> SBr* ‘ 

Temp. 42° 33° 2o° 13° 3° -7 still visible 

at -18° 

In the distillation of a considerable quantity, the mixture begins to boil at 72°, and 
the boiling point rises continuously up to that of sulphur, affording therefore no evi- 
dence of the formation of a deflnito compound. 

The Bpecifle gravities of various mixtures of bromine and sulphur are as follows : 

S*Br S»Br SBr SBr» SBr* SBr* 

2*293 2*626 2*628 2-820 2*880 2'905 

The greatest contraction therefore takes place with the proportion S : Br*. On ex- 
posure to low temperatures, the mixtures become viscid, but do not solidify even at 
temperatures at which bromine freezes. 

When the fuming liquid formed on bringing bromine and sulphur together 

in the ratio 80 : 32, is exposed to the air in a thin layer, it deposits free sulphur in 
fine crystals soluble in carbon sulphide, as is also the amorphous sulphur which 
separates from the liquid on addition of a large quantity of water. Ordinary phos- 
phorus dissolves in the sulphur bromide, with evolution of heat, forming a solution 
which explodes w*hen an attempt is made to distil it. Amorphous phosphorus does 
not act on the sulphur bromide. Potassium and sodium in thin plates take fire in 
contact with it ; aluminium powder remains bright in it ; antimony powder unite.'? 
with the bromine without incandescence ; arsenic dissolves in it to a colourless fetid 
liquid. When a small quantity of arsenic is dissolved in SBr^ and the liquid is 
cooled to —18°, dark-red crystals are formed, having the composition AsS'-'Br* or 
possibly AsSBr,SBr*. 

From these results, Hannay concludes that when bromino and sulphur are brought 
together in any proportions whatever, the action between them does not take place in 
multiple proportions, but is rather an action on the entire mass. If, however, the 
body SBr* comes in contact at a comparatively low temperature with another with 
which it can unite, combination between them then takes place in multiple propor* 
tipns. 

' V The properties of mUphur aidpkodihromidef S*Br*, have also been investigated by 
Ntnir {Chem, Soc. J, xxviii. 846). When sulphur and bromine are brought together 
in the proportion required to produce this compound, they unite, with only slight 
evolution of heat, which, however, may be increased by agitation. The sulph^i- 
bromide begins to distil at 60°, the thermometer then rising slowly to 190°, and by 
the time it rises to 220°, nearly half of the liquid will have passed over, the residue 
in the retort being then nearly solid. On rectifying the latter distillate, and collecting 
apart that which passed over between 190° and 200°, a liquid was obtained consisting 
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of nearly pure sulphur sulphodibromide, S^Br® (anal. 70*39 p. c. Br; calc. 71*43). 
When an excess of bromine was added to the sulphodibromide, and carbon dioxide 
was passed for some time through the liquid at 15®, 60®, and 90®, the residue always 
exhibited the composition When sulphur was treated with a quantity of 

bromine larger than that required to form the compound SBr*, the whole then placed 
in a freezing mixture and carbon dioxide passed through it for a considerable tinflfS, 
no definite compound was obtained. 

According to Hannay {fihem, NewSy xxxviii. 240), sulphur bromide [? S*Bp*] 
undergoes complete dissociation at 153, and the retention of bromine at higher tem- 
peratures is due to the passage of the sulphur into the plastic state. 

SirXiPBUR CBXiORXDBS and OBTCBXiOBXDBS. See yiii. 1 129-1133. 

Salphnric Bydrozychlorlde, or Cblorhydrate, 80^(0H)C1. This compound 
may be conveniently prepared by the action of hydrogen chloride on crystallised pyro- 
sulphuric acid, S-O’U* : 

HO.SO*.O.SO*.OH + 2ITC1 = H*0 + 2(Cl.SO*.OH). 

The acid liquefied by heat is satm.iVed with dry hydrogen clilorido, and the hydroxy- 
chloride, the formation of which is attended with considerable rise of temperature, is 
distilled off ; it passes over in nearly theoretical quantity as a liquid boiling between 
149® and 161® (corr. 150-7°-162*7®) (Beckurts a. Otto, Ber. xi. 2068). 

Snlpburlc Chlorldei SO^Cl'^. Williamson observed theft the hydroxychloride 
is resolved by distillation into sulphuric acid and sulphuric chloride, 80*01'-*, and 
Behrend {J, •jpr. Chem. [2], 23) has founded on this observation a method of pre- 

paring the latter compound. lie finds that the decomjiosition takes place readily in a 
sealed tube at 200°-210® ; and that on distilling the contents of the tube, purifying 
the portion which goes over up to 110® by a second distillation on the water-bath, 
and pouring the whole of this second distillate into a tsip-fiinnel filled with lumps of 
ice, the ice-cold water instantly decomposes the remaining sulphuric hydroxychloride 
and the sulphuric anhydride formed in the reaction, whereas the sulphuric chloride is 
scarcely attacked by it, and sinks to the bottom as a heavy oil. It may be dried 
with calcium chloride, or better in the exsiccator over phosphoric anhydride, and 
redistilled at the heat of the water-bath, whereupon it passes over as a colourless, 
mobile, extremely pungent-smelling liquid, which fumes slightly in the air, boils con- 
stantly at 70’6®, has a density of 1*661 at 21®, and vapour-density = 4*751 (calc. 
4*677). The yield is about 40 per cent. 

According to Beckurts a. Otto {ho, cit.)y the decomposition of sulphuric hydroxy- 
chloride, in the manner above mentioned, is by no means complete, a considerable 
portion remaining unaltered oven after heating for a long time at 170°-180°. More- 
over, clilorine and sulphurous anhydride are amongst the products of tho decomposi- 
tion, and the conversion of the sulphuric hydroxychloride into tho chloride appears to 
take place in such a manner thnt the hydroxychloride is first resolved into free chlorine 
and dithionic acid, which latter splits up into sulphurous anhydride and sulphuric 
acid, according to the equations : 

2(Cl.SO*.OII) « Cl* + S=0^(0H)* 

S*0<(0D)* = SO* + SO*(OIT)’-*; 

and the chlorino and suljihurous anhydride then unite to form sulphuric chloride. 

Action . of Sulphuric Chloride on Alcohols. — Tlio products of this reaction are 
alcoholic sulphuric chlorides, CI.SO*OR, analogous fto sulphuric hydroxy- 
cliloride. To prepare them, tlio alcohol is added by drops to the sulphuric chloride 
contained in a cooled vessel, and tho product is purified by pouring into ice-cold water 
and drying it over phosphoric anhydride. In this manner have been prepared: 
Sulphuric Cl.SO*OCH®, which is easily decomposed by water; and 

sulphuric hutoxychUrridcy Cl.SO*.OC‘Il*, a pungent-smelling liquid, which is converted 
gnidiially at ordinary temperatures, with explosive violence at 80®, into a dark-brown 
glutinous substance. Benzyl alcohol did not yield a pure sulphochloride (Behrend, 
Ber. ix. 1334). 

Sulphuric ethoxycMoridet Cl.SO*.OC*H*, is formed, together with other products, 
by the action of sulphuric anhydride on ethyl chloride, also by that of phosphorus 
pentachloride on potassium ethyl sulphate. After drying by means of anhydrous 
cupric sulphate (calcium chloride decomposes it), it distils almost completely at 80®- 
96® under a pressure of 13*6 mm. When ammonia is passed into a solution of this 
compound in anhydrous ether, a white crystalline mass is formed, which is insoluble 
in absolute alcohol, and appears by analysis to be a mixture of sal-ammoniac and 
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sulphuric othyloxamide, NH*.SO®OC*H*, which could not be separated. With 
sulphuric ethoxychloride yields two sulphonic acids which have not yet 
been investigated (T. v. Purgold, Ber. vi. 602). With methyl alcohol, sulphuric 
e£hoxychlorido forms methyl-ethyl sulp*hate, (OH“)(C=*H®)SO\ a neutral, faintly 
yellowish liquid, which is also formed by the action of ethyl alcohol on sulphuric 
ethoxychlorido (Behrend). 

Sulpbur-seleiilum Ozytetracbloride, SO‘''SeCl^ =: QSO^.O.SeCl’, which Bose 
obtained by the action of sulphuric anhydriclQ. on selenium tetrachloride (v. 223), is 
also produced from the latter: (1). By the action of sulphuric hydroxychloride, 
SO*Cl(OH). The resulting solution, which has a yellowish to red-brown colour 
while warm, solidifies on cooling to a crystalline cake, made up of small slender 
white needles, mostly grouped in radial bundles. (2). By the action of pyrosulphuric 
acid: 

S*0»H2 + SeCB =. SO*SeCl* + 

(3) . By heating selenium tetrachloride with sulphuric acid : 

3Sea< + 2SO‘H2 - 2SO^C\* -H SeO’ + 4HCI. 

(4) . By heating selenium tetrachloride with pyrosulphuric chloride : 

SeCB + S20*C12 = SO^.SeCB + SO-* + Cl^. 

(6). From sulphuryl chloride and seAenium oxychloride. At ordinary temperatures 
these bodies do not act on one another, but mix to a grocnish-yellow liquid, which 
after some time deposits small cubic crystals of seleniunf chloride ; but if the mixture 
be heated for some hours at 170^-180^, it solidifies to a crystalline mass of sulphur- 
selenium oxytetrachloride : 

S02C12 + SeOCl* = SO>ScCB. 

(6). Together with sulphuric acid by heating sulphuryl chloride with selenious anhy- 
dride. 

Sulphur-selenium oxytetrachloride resembles sulphur oxytetrachloride (vii, 1132) 
in external appearance, deliquesces with equal rapidity in moist air, but docs not 
decompose spontaneously when excluded from the air, and is not decomposed by heat. 
It melts at 165®, boils at 183®, is but very slightly attacked by strong sulphuric acid. 
Its vapour-density at 209® is 3-362 , instead of the calculated value 10-126; it there- 
fore undergoes dissociation when heated, probably according to the equation : 

2SO>SeCB = 2SO=» + So^'Cl* + 3Cl* 

(F. Clausnitzer, Ber, xi. 2007). 

Sulphur-titanium Oxytetrachloride, SO®TiCB ^ CISO*. O.TiCl*, is formed, 
with evolution of hydrogen chloride, when sulphuric hydroxychlorido is added by 
drops to titanium tetrachloride, and remains, on heating the product at 100®, as a 
yellow amorphous powder, which deliquesces partially in moist air, but may bo kept 
unaltered for a long time apart from the air (Clausnitzer, loc. cit.) 

SUWBini, OXZDSS and OZYaSB-ACZDS OF. On the Thermic Bela- 
tions of these Compounds and their Salts, seo Ht.AT (pp. 054-969 ; 962 ; 982-989 ; 
996-997). 

Hyposvlphurous acid, SO^H^. — On the Beaction of this Acid with Aerated Water 
see Oxygen (p. 1470). 

Sesquiozide, S^O^ (B. Weber, Ann, clvi. 531). The blue substance 
produced by the action of sulphur on sulphuric oxide (SO*), or on strongly fuming oil 
of vitriol, is insoluble in pure sulphuric oxide, and may be isolated by the following 
method. Well-dried' flowers of sulphur are gradually added to sulphuric oxide Jreed 
by careful rectification from sulphuric acid, fresh quantities being added only when 
the previous portions have entered into combination. The sulphur, at the moment 
of contact -with the sulphuric oxide, liquefies to dark-blue drops which do not mix with 
the oxide, but sink in it and immediately solidify. The operation may bo conveniently 
performed in a test-tube covered with the lid of a small porcelain crucible to protect 
the contents from the moisture of the air. It is advisable to incline the tube after 
each addition of sulphur, so that the drops of the r6sultiDg compound may come in 
contact with its sunace ; they then spread out on the ^lass, and harden to a thin 
crust which does not enclose so much of the anhydride as the solidified drops 
surrounded by the liquid. The tube should be cooled by immersion in water at 12®- 



SULPHUR OXIDES. 


1867 


16^, to prevent decomposition by rise of temperature. After about a gram of sulphur 
has been added, the excess of sulphuric oxide— which is perfectly colourless if the 
process has been well conducted — is poured off, the last portions of it expelled by 
very careful eva^ration at a temperature not above blood>hoat, and the layer of blue 
substance adhering to the tube is removed with a sharp-edged glass rod. The com- 
pound thus prepared forms bluish-green very friable crusts having a structure like 
that of malachite, and made up of nodular groups of crystals recognisable only with a 
magnifying glass. It is liquid. at the moment of formation, but soon solidifies, and 
cannot bo remclted without decomposition. It decomposes, after a short time, even 
at ordinary temperatures, and much more quickly when heated, giving off sulphur 
dioxide, and leaving, if moisture has been excluded, perfectly dry sulphur having a 
very light yellow colour in consequence of its finely divided state. At low tempera- 
tures the decomposition goes on slowly enough to admit of the weighings required for 
analysis. In moist air the compound quickly absorbs water, and deliquesces to a 
clear brown liquid, which, on further absorption of moisture, becomes turbid from 
separation of sulphur. The compound, when 'dropped into cold water, decomposes 
instantly with violent hissing, yielding sulphuric and sulphurous acids, together with 
thiosulphuric acid or a polythionic acid resembling it, and free sulphur, mostly of soft 
tenacious consistence. With anhydrous alcohol or ether the blue compound decom- 
poses, with separation of sulphur. Its analysis gave on the average 67’ 12 per cent, 
sulphur, agreeing closely with the formula S*0*, which requires 57’14 per cent. 

Sulphur sosquioxide dissolves with deep blue colour in a mixture of sulphuric 
oxide and acid, even if this mixture contains but a small pr&portion of the latter. 
Such solutions, if kept in scaled tubes and in a cool place, retain their blue colour for 
several weeks. Gradually, however, this colour becomes paler, and the solutions 
acquire a green, afterwards a brown tint, and ultimately a colour like that of common 
oil of vitriol, sulphurous oxide being at the same time evolved, and sulphur deposited 
if the quantity of sulphuric oxide present is not very large. Addition of sulphuric 
acid or of sulphur causes the change of colour to take place immediately. The brown 
solutions are much more stable than the blue. In an acid containing only 1 mol. 
SO* to 5 mols. SO^IP, the sosquioxide dissolves at once with brown colour. Ordinary 
sulphuric acid decomposes it immediately, with separation of sulphur. 

A corresponding sulphur-selenium compound, SoSO*, is produced by direct com- 
bination of selenium with sulphuric oxide. The selenium softens, and is converted 
into a deep green tarry mass which gradually solidifies ; and after decanting the excess 
of sulphuric oxide, and removing the last portions of it by careful evaporation, 
the selenium-compound may bo scraped out with a sharp-edged glass rod. It has a 
dingy-green colour in the compact state, yellow in powder. It is much more stable 
than sulphur sesquioxide, not being decomposed even by gentle heating. At a higher 
temperature it is resolved, without previous fusion, into sulphur dioxide, selenium 
dioxide, and selenium. On throwing it into water, a violent reaction takes place, 
selenium being separated as a coherent mass, and sulphuric, sulphurous, and selouicms 
acids produced. The compound dissolves with deep green colour in sulphuric oxide 
mixed with sulphuric acid ; also without decomposition in strong .sulphuric acid, 
(SO^H*), and, on adding a small quantity of water to the solution, it turns brown 
before completely decomposing. The compound also dissolves with brown colour in 
sulphuric acid of sp. gr. 1*806 (Weber). 

Bloxlde, Sulphurous Oxide, or Anhydride, SO*. Mel sens 
rend, Ixxvi. 92) prepares this compound, as formerly suggested by Dumas, by the 
action of sulphur on sulphuric acid. If a glass vessel is used for the purpose, frag- 
ments of pumice must be immersed in the acid to ensure the production of a regular 
current of the gas. With cast-iron vessels it is easy to prepare in this way large 
quantities of sulphur dioxide. 

Fierro {ibid. 214) determines the boiling point of the liquid dioxide by placing it 
in a test-tube of thin glass closed with a cork having two borings, through one of which 
a thermometer is inserted, while the other affords an escape for the vapours. At 
ordinary temperatures the sulphurous oxide begins to boil violently, but the boiling 
soon slackens in consequence of the cold produced by the evaporation ; then tigain 
becomes violent, once more slackens, and so on. During this fluctuating ebullition, 
the boiling point scarcely varies by 0*2°. If the tube bo wrapped in flannel to prevent 
the deposition of a film of water on the glass, the limit will bo still further narrowed. 
The boiling point thus determined is about —8°. 

Sulpliites. Normal Ammonium Sulphite, (NH*)*SO*, is produced by the 
decomposition of the residues of Laming’s masses from gas works, which are used for 
the preparation of ammonium sulphate. These residues, when left to themselves, 
become heated, sometimes even to redness, and give off white vapours which may be 
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condensed in a glass vessel held over the heap, the deposit being found to consist of 
ammonium sulphite. The masses originally contain — in addition to sulphate of 
ammonium — considerable quantities of thiocyanate, and the sulphite appears to be 
formed from this latter salt by oxidation and assumption of water : 

CNS.NH^ + O’* + 2H20 = SO*(NH«)* + CO» 

(E. Scheitz, Arch, Pharm. [3], v. 332). 

Sodium-hydrogen Sulphite^ SO’Nali — This salt is recommended by Th. 
Schuchardt {Dingl. pol. J, ccix. 154) as an anticlilor, instead of the tliiosulphate. The 
latter deposits sulphur on the tissues in a very finely divided state, and this sulphur 
becomes oxidised to sulphuric acid, which gradually destroys the fibre. This incon- 
vonionco may be obviated by the use of normal sodium sulphite ; but the acid sulphite 
is preferable, as it acts more strongly and is relatively cheaper. 

Sulphite of Palladium and Soditna^ PdSO*,3N{i*SO* + 2H*0, is formed on 
mixing a solution of palladium dichlorido with sulphurous acid, and gradually adding 
caustic soda, whereupon a nearly white precipitate is formed, which gradually becomes 
crystalline, and dissolves in an excess either of sulphurous acid or of soda. When 
dry, it forms a pale-yellow crystalline powder, which, when heated, first assumes a 
deeper yellow colour, then decomposes and turns black. Potash and ammonia do not 
precipitate a solution of palladious chloride mixed with sulphurous acid (Wohler, 
Ldebig's Annalen^ clxxiv. 199). 

Sulphites of Iridium and Sodium (Seubert, Ber, xi. 1761). — In the process 
of separating iridium from rhodium by means of sodium sulphite, a sodium-iridium 
sulphite is obtained in the form of a more or loss bulk*y whitish-yellow precipitate. 
In one of the flasks used for the precipitation, whitish-yellow satiny scales were 
deposited, having the composition IrSO*,35f«i''S()® + 1011*0, and separable for the most 
part by levigation from thou amorphous precipitate formed at the same time. In 
another flask the precipitate consisted chiefly of broad white noodles having the com- 
position IrH*(SO*)2,3Na*SO* + 4IPO. A third salt separated on the sides of the vessel 
in stellate groups of very slender needles consisting of IrH*(SO*)^3Na‘SO*+ 1011*0. 
All these salts are but slightly soluble in cold water, more abundantly, but not without 
decomposition, in hot water. They have* an acid reaction, and dissolve in acids, with 
evolution of sulphur dioxide ; oxidising bodies change the light colour of their solutions 
to green, afterwards to blue. With alkalis and alkaline chlorides they yiehl white 
precipitates containing the whole of the iridium, and a similar reaction is produced by 
silver nitrate. When heated, they acquire a darker colour, and give off sulphur 
dioxide; and at a red heat theylejivo a skeleton of black iridium and sodium sulphate. 

When ammonium chloridiate is treated with sulphurous acid, a moss-green powder 
is obtained, the aqueous solution of which, when strongly concentrated, deposits brown 
needles of the scsquichlorido of iridium and ammonium, Ir“Cl*,r)NH^Cl + SH'^O, described 
by Claus; afterwards, when strongly cooled, beautiful orange-red shining crystiils of 
the salt IrCl^SO’H'^lNH^Cl, which is extremely soluble, but not deliquescent, and has 
an acid reaction. This compound is an acid capable of decomposing alkaline carbon- 
ates, and forming with the alkalis very unstable salts, which lose their power of 
crystallisation even at the heat of the water-bath, and are separated from their solu- 
tions by alcohol in the form of dark-red oils, solidifying, when treated with absolute 
alcohol, to dark masses. The potassium salt has the tomposition IrCl'VSO"K‘^,2NH^Gl + 
4H*0 ; the ammonium salt is IrCl2SO»(NH«)*,2Nn^Cl + 42^*0. 

On the compounds of Sulphites with Pyroracemates, see Pyboracemic Acin 
(p. 1718). 

Snlp'b’nr Trloxldev Snlpliurlc Oxide, or Anhydride, SO^ Form- 
ation. — According to Scheurer-Kestner {Compt. rend. Ixxx. 1230), the white fumes 
given off in the combustion of pyrites, consist not of sulphuric acid vapours, but of the 
anhydride, since they are formed oven when the pyrites is perfectly dry. The anhy- 
dride is in fact produced by the direct combination of sulphur dioxide with oxygen in 
presence of red-hot ferric oxide (oxidised pyrites), as Scheurer-Kostner has shown by 
passing air mixed with sulphur dioxide through a red-hot platinum-tube containing 
burnt pyrites (comp. Wohler, Liebifs AnnaUn^ Ixxxi. 255). 

Winkler (Dingl. pol. J. ccxviii. 128, Chem. Sog. J. xxix, 784) has made experi- 
ments on the formation of sulphur trioxido by the direct combination of oxygen and 
sulphur dioxide, platinised asbestos being used iis a contact-agent. With a layer 
of asbestos 30 cm. long and 1 2 mm. thick, conbiining 8'5 per cent, platinum, and 
Wted to redness, 100 pts. by weight of sulphur dioxide yielded the following 
results 
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(а) . Mizturo of pure SO* and pure oxygen . . . 73*3 pts. SO* 

(б) . Mixture of pure SO* and air 47*4 „ 

(<f). Mixture of air and 4 to 6 vols. per cont. SO* obtained 

by burning sulphur in a current of air . . . 11’6 „ 

The action of the platinised asbestos (and of other contact-substances) diminishisi 
therefore in proportion as the sulphur dioxide is diluted urith indifferent gases. 

A mixture of pure sulphur dioxide and oxygen in the required proportions may bo 
obtained from sulphuric acid, which at* high temperatures is resolved into SO*, oxygon 
and water. . 

f The apparatus used by Winkler consisted of a wrought-iron tube coated inside and 
out with a mixture of Chamotte clay and water-glass, this mixture being burnt in, and 
the tube filled with fragments of porcelain. It was then heated to bright red- 
ness in a charcoal fire, and sulphuric acid of 66° was continually dropped into it 
through a twice-bent funnel-tube. The escaping gases were dried by passing over 
lumps of pumice drenched with sulphuric acid, and then passed into a long glass tubo, 
horizontal at first, then bent downwards, and having its horizontal part loosely filled 
with platinised asbestos (containing 8‘5 per cont. platinum), wliilst the vertical arm 
dipped into a receiver filled with strong sulphuric acid destined to receive the anhy- 
dride formed by the reaction. This receiver was connected with a second, also con- 
taining strong sulphuric acid, and the latter with a third containing a solution of 
sodium carbonate. With this apparatus, 19t5 grams of sulphuric acid of 66° 
(=3 146*2 g. SO*) yielded 107*8 g. SO*, 22*6 g. SO*, 5*6 g. oxygfin and 45*8 g. water, 
while 13*2 g. sulphuric acid remained undecomposed. Consequently 73*7 per cent, of 
the anhydride contained in tho total quantity of sulphuric acid employed, or 78*4 per 
cent, of the anhydride contained in the sulphuric acid actually decomposed, wan ob- 
tained in the form of fuming sulphuric or pyrosulphuric acid. 

Tor preparation on the largo scale, sulphuric acid of 66° is made to flow in a thin 
si roam into earthenware retorts heated to bright rednci^s, and the products of decom- 
position are passed, first through a cooling apparatus to condense the water, then 
through towers filled with coke moistened with strong sulphuric acid, to complete the 
drying, and finally into tubes of glazed earthenware filled with platinised asbestos, 
and heated to low redness. From 50 to 103 kg. asbestos, containing 8 kg. platinum, 
are sufficient for a work of considerable size. The resulting sulphur trioxide is col- 
lected in tubes of glazed earthenware, or brought in contact with a shower of sulphuric 
acid of 66°. The unabsorbed mixture of sulphur dioxide and oxygen is passed into 
lead chambers. 

This process has been patented by Squire a. Messel (see further Dingl, poL J, 
ccxxiii. 409). 

Properties , — The variation in tho molting ];)oint of sulphur trioxide according to its 
mode of solidification, which was attributed by Marignac (v. 669) and Schnltz- 
Sellack (vii. 1135) to tho existence of difibrent modifications, has been shown by H. 
Weber {Pegg^ Ann. clix. 313) to be duo to imperfect purification. Weber lins pre- 
pared tho pure trioxidc by repeated distillation, finally in a sealed bent tubo. It is at 
ordinary temperatures a very mobile perfectly colourless liquid, which when slowly 
cooled solidifies in long transparent crystals resembling those of saltpetre, and quite 
different from the opaque asbestos-like ncedlos of ordinary sulphuric anhydride ; it 
melts at 14*8°, and boils at 46*2° (bar. 761*6 mm.) Sp. gr. 1*940 at 16°. It may be 
kopt for years without giving any indication of change in its molecular state. By 
absorption of a small quantity of moisture it is converted into a snow-white, opaque, 
infusible body, which, if present even in small quantity, diffuses itself through the 
liquid in flocks, which may easily bo made to adhere together in the upper part of a 
glass tube. This hydrated compound, the proportion of water in which must be very 
small, is a constituent of the ordinary anhydride, and gives rise to its peculiar proper- 
ties. Besides this hydrate containing tho minimum of water, the cautious addition of 
ordinary sulphuric acid to tho ordinary anhydride gives rise to a liquid product, from 
which at 8° to 10° i^icular crystals separate, having the composition H*S*0‘* or 
H*0,4SO*. In preparing this last hydrate, an excess of common sulphuric acid must 
bo avoided, as even a small quantity of it prevents the separation of these crystals and 
determines the formation of pyrosulphuric acid, 8*0^11*, or 11*0.280*. 

With reference to these observations of Weber, Marignac {N. Arch. ph. not, Iviii. 
228) publishes tho following results of somo now experiments on preparations made 
twenty-four years ago. 

When sulphuric oxide which had been kept in sealed glass tubes was slowly 
heated in a water-bath, it began to melt on the first day at about 100° ; on the second 
day it began to becomo transparent between 50° and 60° ; between 60° and 65° a 
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partial fusion took placo ; at 80^ it was still only partly fused, and the fusion was not 
complete till the heat was raised to 95°. In an experiment made on the following 
day the oxide began to bo transparent at at 70° the greater part was 

melted, and at 80° the fusion was complete. The experiment was repeated on the 
fourth day, the temperature being kept for twenty-four hours between 45° and 60°. 
After that time three-fourths of the substance was found to bo molted, the rest forming 
a gelatinous mass floating in a liquid. From these observations, Mariguac thinks it 
may be inferred that, even admitting the probability of Weber’s supposition as to the 
solid modiflciition owing its existence to the pre/<enco of a hydrated compound, still the 
gradual alteration of the melting point after repeated fusion can bo due only to an 
isomeric alteration, or to an alteration of the mode of combination of tlio hydrated 
compound with tlie anhydrous oxide. lie observes that he formerly examined both the 
liquid compound and that which fuses only at a higher temperature, and found them 
both to have the composition SO^, so that the amount of water in the solid modification 
must at all events be extremely small. 

With ethyl chloride^ sulphuric oxide yields sulphuric ethoxychloride, 
Cl.SO*.0(FH®, together with the two isomeric compounds, chlorisethionic acid, 
C*H^Cl.SO*.OH, and isethionic chloride, C^H^(OH).SO*Cl (see Ethtl Culobiuk, 
p. 746). 

Salpborlo Acidf SO'II^==SO^(OH)^. H. A. Smith {Phil. Mag. 

[4], xlvi. 121) infers from observations of his owm that tlio best dimensions for the 
lead chambers are 150 foot long, 20 to 30 broad, and 10 to 12 high. The temperature 
in the chamber should bo kept as nearly as possible at 200° F. (93*33° 0.), this tem- 
perature being produced and kept up by the vapours which enter the chamber. In 
starting the operation, the floor of the chamber should bo* covered with sulphuric acid, 
not with water. 

H. Sprengel has contrived an apparatus Ijy means of which water-spray instead of 
vapour is introduced into the leaden chambers. A jet of steam is blown through a 
platinum tuyere into a jet of \vator, whereby the latter is finely divided. 20 kg. cf 
steam are sufficient to convert 80 kg. of water into spray. By thus dispensing with 
the evaporation of the water, a consideriblo saving of fuel is effected. The nitric acid 
may also be introduced into the chambers in a very similar manner, the Glover tower 
being thereby reduced to a mere condensing apparatus, and the loss of nitric acid 
ascribed to it thereby avoided {Pharm. J, Tram, [3], vi, 324;* Cham, News, 
xxxii. 150). 

On Apparatus for the Manufiicturo of Sulphuric acid, contrived by do Homptinne, 
see Bode {Dingl, pol, J. ccxvii. 300; ccxxiv. 1137; Jahresh. f. Chem. 1875, 1053; 
1877, 1137). On the roasting of Pyrites, see McCulloch {Chem. News, xxvii. 
124, 135). 

On the Estimation of the Loss of Sulphurous acid in the Load-chamber process, 
see Mactear {Chem. Ncvjs, xxxvi. 49). 

On the Recovery of Nitrogen Oxides in the Manufacture of Sulphuric acid, and the 
Function of the Glover Tower, see Vorstcr {Dingl. pol. J. ccxiii. 411, 500 ; Jahresih.f, 
Chem. 1874, 1104; Chem. Soc. J. xxvii. 829, 924; and Lunge, Ber. x. 1432; JHngl, 
pol, J. 225 : Jahresh. 1877, 1139; Chem, Soc. J. xxxii. 944). 

Purification from Arsenic. — H. A. Smith {Amer. Chemist, 1873, 413) obosrves 
that the process of heating the sulphuric acid with common salt, or passing hydro- 
chloric acid gas through it, never effects a complete jcraoval of the arsenic.’ Better 
results are obtained with hydrogen sulphide, the best mode of proceeding being to mix 
the sulphuric acid with a sufficient quantity of iron sulphide, or of sodium sulphide in csise 
the introduction of iron into the acid should bo»bjoetioniible. The metallic sulphide 
is added to the acid in a leaden pan containing a layer of coke, which serves as a filter, 
and covered with a perforated lid, through which the excess of hydrogen sulphide can 
escape. 

W. Thom (Dinal. pol. J. ccxvii. 495) observes that in many sulphuric acid works, 
the removal of the' arsenic is effected by sodium thiosulphate. Chamber-acid, of 
60° B. is heated to 70°-80°, and a quantity of thiosulphate equivalent to the arsenic 
present is added either in concentrated solution or in the form of powder. After the 
mixture has been sufficiently stirred, the arsenic separates on the surface in flocks of 
nrsenious sulphide. The purified acid is withdrawn from under the flocks ; the leaden 
vessel is again charged with chamber-acid, and after several repetitions of the opera- 
tion, the arsenious sulphide is collected. The crude sulphuric acid contained 0*098 
per cent, arsenic, the purified acid 0*004 per cent., together with 0*3 to 0*4 per cent, 
sodium sulphate. 

With regard to this process, R. Wagner remarks (iftid. ccxviii. 321) that if the 
contamination of the acid with sodium sulphate is not objectionable, sulphide of sodium 
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is preferable to the thiosulphate; if, on the other hand, such contamination must be 
aToided, he recommends barium thiosulphate as the purifying agent, the reaction 
taking place as follows : 

3BaS20» + Ab*0» = Ab«S* + 3BaSO«. 

19*8 pts. arseniouB oxide require 85*6 pts. BaS*0* + H*0. 

With regard to the distribution of the arsenic occurring in pyrites in^ sulphuric 
acid and the products of the soda-manpfacture prepared therewith, C. Hjelt shows 
{piiigl. eexvi. 174) that the amount of arsenic in pyrites is very variable, Spanish 
pyrites containing O’ 12 per cent., Westphalian 0*3, and Norwegian only traces of 
arsenic. He found also that in a sulphuric acid made from Spanish pyrites the average 
amount of arsenic, reckoned on pure hydrogen sulphate, H^SO^ was : 



Arsenio 

Present as 
arsciiloacld 


p. c. 

p. 0. 

In chamber-acid 

0-202 

0-040 

In acid from the Glover tower . 

0-331 

0-041 

In acid from the Gay-Lussac tower . 

0-344 

0-132 


He also directs attention to the fact that the loss of nitric acid in sulphuric acid 
works is due, at least in part, to the arsenic in the acid — that is to say in the pyrites — 
inasmuch as, in the Gay-Lussac tower, part of the nitrous a^id is reduced by the 
arsenic in the sulphuric acid to nitrogen dioxide. In accordance with this view, it is 
found that the larger the proportion of arsenic in the pyrites used, the greater is the 
loss of nitric acid. In wcll-i^onductcd alkali-works, the arsenic of the sulphuric acid 
never goes into the sodium sulphate, but is all found in the hydrochloric acid produced 
at the same time, none of it, however, pii,ssing into the bleaching-powder. In the 
burnt residues of Spanish pyrites, Hjelt found only 0*19 per cent, arsenic. 

A description of the apparatus used at the Freiberg works for purifying sulphuric 
acid from arsenic is given by F. Bode (Blngl. ccxiii. 26). 

Concentration , — Apparatus for the Concentration of Sulphuric acid is described 
by F. Bode {Dingl, cxi. 26; ccxiii. 204 ; eexvi. 326 ; Jahresb. f. Ckem, 1874, 1107 ; 
1875, 1063). 

Estimation . — The following method for the quantitative analysis of a mixture 
of sulphates of alkalis and alkaline earths (magnesia and lime) is described by Jean 
a. Pellet (Bull. iioc. Chim. [2], xxvii. 203). To determine the sulphuric acid in 
combination with the alkalis, the mixture of salts, dissolved, if necessary, with addition 
of hydrochloric acid, and carefully neutralised, is mixed with excess of barium hydrate, 
then with water containing carbonic acid, heated till the carbonic acid is expelled, and 
the weighed filtrate is titrated with sulphuric acid. The calcium sulphate is precipi- 
tated by alcohol from a measuretl volume of the solution, decomposed by boiling with 
a titrated solution of sodium carbonate, and the excess of the latter is determined by 
back titration. Magnesium sulphate is also decomposed by sodium carbonate and 
estimated in like manner by titration. To determine the total amount of sulphuric 
acid, free and combined, the sulphates are boiled with solution of sodium carbonate, 
and the liquid is filtered, neutralised with standard sulphuric acid, and treated witli 
baryta as above. This method may be applied to the estimation of sulphates in 
pyrites. 

To determine the amount of free sulphuric acid in vinegar, J. 0. Thresh {Vharm. 
J. Trans» [3], vi. 1) adds a known quantity of barium chloride, evaporates and in- 
cinerates the whole, and calculates tlie free sulphuric acid from the loss of hydrochloric 
acid thence ensuing. 

According to A. Hilgor (Arch. Bharm, [3], vi. 610), the detection of free sulphuric 
acid in vinegar is best eifccted by means of sugar, which, if sulphuric acid is present, 
is blackened when the liquid is evaporated to dryness. 

On the Methods of Estimating Sulphuric acid in Water, see Tiemann (5cr. vi. 918 ; 
Jahresb. f. Chem. 1873, 903). 

Hydrates . — According to Pierre a. Puchot (Atm. Chim. Phys. [6], ii. 164), the 
‘ dihydrate,* SO*.2H*0 or SO*H®.IPO, melts and solidifies at 7*6'^, but afterwards 
exhibits superfusion. 3 pts. of the crystallised hydrate and 8 pts. of snow produced 
a fall of temperature to — 26-26°, whereas with an equal quantity of liquid acid, the 
temperature fell only to — 19*5°. On cooling a sulphuric acid intermediate between 
SO*.H®0 and SO®.2H*0 (63° B.), part of it crystallised, and the liquid deciinted there- 
from exhibited a higher concentration. A more dilute acid did not crystallise at 
— 8° to — 10°, even when small crystals of the dihydrate were thrown into it. 
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Mbtallic Sulphates. The aetion of dry hydrogen chloride on these salts 
has been examined by 0. Hensgen {Ber. ix. 1671» 1674 ; x. 259). Potassium sulphate 
is not attacked by the dry gas either at ordinary or at lower temperatures ; at 100^ 
the crystals become corroded at certain points ; at 360°, the water into which the gas 
passes is found to contain a weighable quantity of sulphuric acid ; and at a dull red 
hetit, the salt is converted almost quantitatively into potassium chloride and free 
sulphuric acid. Anhydrous sodium sulphate is likewise completely decomposed by 
hydrogen chloride at high temperatures ; crystiillised Glauber’s salt, Na*SO^+ lOlI-O, 
on the other hand, is completely converted a<t ordinary temperatures, and even at 
— 17®, though loss quickly, into sodium chloride. The Glauber’s salt first melts in its 
water of crystallisation, with considerable reduction of temperature ( — 17®), but the 
temperature quickly rises, and remains during the decomposition at 53°-56°, and the 
resulting sodium chloride separates in the form of a fine-grained powder. Anhydrous 
lithium sulphate^ Li'^^SO*, behaves like the anhydrous sulphates of the other alkali- 
metals ; the hydrate, Li^SO^ + H^O, decomposes completely, oven at ordinary tempera- 
tures, melting in its water of crystallisation, and taking up hydrogen chloride with 
considerable evolution of heat. The sulphates of calcium^ strontium^ and barium are 
likewise completely decomposed by HCl at a dull-red heat, as formerly shown by 
J3oussingault. Magmsium sulphate, MgSO^ is not attacked by dry hydrogen chloride at 
any temperature below commencing redness, but with the hydrated salt, MgSO* + 7H‘0, 
the action begins at ordinary temperatures. The crystals melt to a clear liquid, which 
after a while deposits a crystalline powder, soon in such quantity that the whole 
solidifies to a stiff crys^lline pulp. The composition of these crystals (disregarding 
a small amount of chlorine) is most nearly expressed by the formula MgSO^ + 6H*0. 
The absorption of hydrogen chloride (12*52 p. c.)byjtho salt MgS0^-l-7H®0 was 
probably duo to the water of crystallisation, and not to decomposition of the salt into 
magnesium chloride and sulphuric acid. Dehydrated cupric sulphate, CuSO\ is strongly 
attacked by dry hydrogen chloride, of which it takes up 2 mol., at the same time 
becoming hot, acquiring a djirk brown colour, losing its pulverulent consistence, aijti 
caking together to a damp mass which gives up all its liydrogen chloride when exposed 
to the air or when heated. Hydrated cupric sulphate, CuSO‘,5lTO, is completely 
decomposed by dry hydrogen cliloride, according to the equation CuSO* + 2HCl — 
CuCl®+H-80S the chloride separating in green needles having the composition 
Cii01*2IH0. 

Ethylsulphatos are not decomposed by dry hydrogen chloride at ordinary 
temperatures. The potassum salt remains quite unaltered ; the barium salt absorbs 
the gas, with rise of temperature, the gas abstracting the water of crystallisation and 
dissolving therein. Between 65® and 85®, however, both these salts are decomposed, 
with evolution of ethyl chloride anti formation of potassium ilisulphato in the one case, 
and of barium sulphate and sulphuric acid in the t)thcr (11. Kohler, Bcr. xi. 1929). 

Conversion of Sulphates into Carbonates, eft?. — Alkaline sulphates maybe converted 
into carbonates by dissolving tliom in carbonic acid water, and mixing them with 
1.^ time their weight of barium carbonate rubbed to a thick pasto with a little water, 
agitating the mixture strongly for some time, and finally heating it to the boiling 
point: the filtered liquid will then be found to contain nothing but ciirbonates. Tc 
convert an alkaline sulphate into the corresponding tartrate, oxalate, &c., it is heated 
in a porcelain basin with barium carbonate and water, and the requisite quantity of 
tartaric or oxalic acid is gradually added (L. Smith, Chsm, 1873, iii. 241). 

Aluminium sulphate, — The presence of free sulpbiiric acid in this salt may 
be quickly detected by stirring up tlio piilveris(Ml salt in alcohol. The salt is insoluble 
in this liquid, but free sulpliuric acid dissolves in it, and may be recognised by its 
Jicid reaction, or estimated by titration. Pure aluminium sulphate gives with decoction 
of logwood a blue-violet coloration, but the presence of free sulphuric acid gives rise 
to a brown colour. 

Ammonium sulphate, — The normal salt, (NH^)*SO^ is formed in the combus- 
tion of coal-gas, and collects as a sublimate of short anhydrous prisms on the shades 
placed over the burners (Priwoznik, Dingl. eexiii. 223). 

Several acid salts are formed by the action of heat on the normal salt. (NII^)HSO* 
is produced when the normal salt is heatetl till the thick pasty mass ceases to give oif 
ammonia. (NH')*H^(SO*)* is formed when the preceding salt is more strongly heated, 
the heat being continued till the intumescence has subsided. By keeping the tem- 
perature somewhat lower, a third salt is obtained, having the composition (NH^)*H*(SO^)* 
(P. Schweitzer, Amcr. Ch£m, vii. 42). These acid ammonium sulphates have also been 
examined by S. W. Johnson and It. H. Chittenden {^SilL Am, J, [3], xv. 131), whose 
analyses agree with those of Schweitzer so far as regards the amounts of sulphuric 
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acid, but difier considerably thereirom in the proportions of ammonia and water. They 
also, show that Schweitzer’s bisulphate still retained a portion of the normal sulphate, 
and hence conclude that it was a mixture of 1 mol. ammonium pyrosulphato, 

1 mol. normal sulphate, (Nll*)*SO^, and 3 mols. bisulphate, (NH^)HSO^ In like 
manner, they show that the so-called trisulphato, (NH<)*H*(SO*)*, may be regardeii 
as a mixture of 1 mol. pyrosulphate and 2 mol. bisulphato. 

Barium Sulphate, BaSO^ may be obtained in crystals, partly grouped, by 
heating a dilute solution of the chlorido with a slight excess of sulphuric acid at 245° 
(Scheerer a. Drechsel, J, pr, Ckem. [2], vii. 63. When a solution of barium sulphato 
(14 pts.) in 100 pts. strong sulphuric acid (sp. gr. 1‘843) was heated at 100°, a con- 
siderable number of needle-shaped crystals separated out. At 160°-180° these crystals 
disappeared, and prismatic crystals began to separate, their quantity becoming greater 
the nearer the temperature of the liquid approached to the boiling point of the acid. 
At the latter temperature, 10 pts. of the acid still held in solution from 8*6-9 pts. of 
barium sulphate. On the other hand, the needles which separated at 100° were in- 
soluble in the cold acid (T. Oraside, Chem. News, xxxi. 245). 

According to G. Briigelmann {Zeiischr. anal. Chem. x. 22), the process recommended 
by Fresenius (vii. 1128) for purifying the barium sulphate obtained in quantitiitive 
analyses does not always answer i(.s pur^se. Good results are, however, obtained 
wlien the ignited sulphato is triturated with 3 or 4 drops of strong hydrochloric acid 
and a few drops of water, then boiled with water and filtered, the process being 
repeated five times in the same manner. * 

Calcium Sulphate. — According to Pollacci {Gazz. chim. ital. 1874, 177, 246), 
gypsum, CiiSOH 2H'''0, is Alined in a mixture of calcium carbonate and sulphur 
inoi stoned with water, and the action is Jissisted by the organic matters in vegetable 
soil. In the hottest days of summer, 20-26 grams of material is sufficient to yield a 
small quantity of gypsum in three hours. According to Porugnatelli a. Pelloggio {Ber 
\v 1462), sodium tliiosulphate is formed at the same time. The carbonates of barium, 
strontium, and magnesium are converted into sulphates under like conditions, the 
action being slowest, in the case of tlie magnesium salt. Pollacci attributes the trans- 
formation to a direct oxidation of sulphur : S- + 30* -H 211*0 = 2SO^H*. In those cases 
in which calcium carbonate is said to bo converted into gypsum under the influence of 
hydrogen sulphide, this compound does not appear to be directly oxidised, but to be 
decomposed by the oxygen of the air, with separation of sulphur, which then undergoes 
oxidation. 

According to Cossa (Gazz. 1873, 136), 1000 pts. water dissolve 2*119 pts. gypsum 
at 16*6°, and 2*352 pts. at 22°. A saturated solution of gypsum acts on rocks con- 
taining alkaline silicates (gneiss, traohite, granite, felspar, basalt) much more readily 
than pure water, taking up in a given time a much larger quantity of soluble con- 
stituents. According to Asselin (Campt. rend. Ixxvi. 884), 100 pts. of glycerol dissolve 
0*957 pt. of gypsum at ordinary temperatures, and a continually larger quantity as 
the temperature rises. 

Double Salts of Calcium Sulphate. — The following are described by R. 
Fassbonder (Rcr. ix. i358; xi. 1968). The salt CaS0\K*S0\H*0, first observed by 
Phillips, H. Rose, and others, and obtained by Struve Soc. Chim. [2], xii. 348) on 
treating gypsum with a solution of potassium nitrate, chloride, or iodide, is also readily 
formed by dissolving potassium ^ulphate in a saturated solution of gypsum, the 
s eparation of the salt in slender si iky needles beginning almost immediatoly, and going 
on for several months. The same double salt is obtained by treating solid gypsum 
with solution of potassium sulphate, and by dissolving potassium sulphate in a solution 
of potassium nitrate or chloride saturated with gypsum, a portion of the potassium 
nitrate or chloride, however, adhering to the product with great obstinacy (Fassbender) ; 
also, according to Ditte (Compt. rend. Ixxxiv. 86), on adding sulphuric acid to a 
mixture of the two component sulphates, and boiling the liquid. The calcium sulphate 
then collects at the bottom in the form of a white powder, but in the course of twenty- 
four hours the whole solidifies to well-defined transparent flattened prismatic crystals 
of the double salt. These crystals lose their lustre and become anhydrous when 
heated, and are completely decomposed by water. When, on the other hand, calcium 
sulphato, either anhydrous or hydrated, is added to a saturated solution of potassium 
sulphate, the double salt, Ca*K*(SO^)* + 3H*0, separates almost instantly in spangles 
or small needles having a nacreous lustre. This salt is decom 2 )osGd by cold water, 
which gradually abstracts all thp potassium sulphate. 

A Ceddum-ammonium Sulphate, Ca(NH^)*(S0^)*,2H*0, which, according to Popp 
(TAeUg's Annalen, 8 Suppl. 1), is obtained on evaporating the water of the Tuscan 
lagunes, may also be produced artificially by dissolving 285 grams of ammonium 
sulphate in 800 c.c. water, saturating the solution with gypsum, evaporating to 600- 
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600 C.C., and filtering at 40-60. This degree of concentration appears to be essential, 
inasmuch as the salt is resolved into its constituents by water (Fassbender). Ditte 
prepares this salt, like the corresponding potassium salt, by adding sulphuric acid to 
a mixture of the sulphates of calcium and ammonium, and boiling the liquid. It 
crystallises in needles which have a very strong lustre, and are instantly decomposed 
by water. The sulphates of sodium and lithium do not appear to unite under similar 
circumstances with calcium sulphate. 

A Caldum-potassium-ainmonium Sulphate, GaS0^(KNH<)S0*,H20, is obtained by 
adding potassium sulphate to a solution of ammonium sulphate saturated with gypsum ; 
by digesting calcium-potassium sulphate with solution of ammonium sulphate; or by 
digesting gypsum with solutions of potassium and ammonium sulphates. Analogous 
sodium salts do not appear to exist ; moreover, the above-mentioned double salts are 
decomposed by saturated solutions of sodium sulphate or other sodium salts, with 
separation of gypsum. 

If, in a saline solution saturated with calcium sulphate, the solubility of that salt 
be diminished by the introduction of another salt, the calcium sulphate will be pre- 
cipitated as gypsum or as anhydrite, according as the solution is at ordinary tempera- 
ture or at the boiling heat. This reaction is best shown by adding magnesium 
sulphate to a solution saturated with common salt and gypsum (Fassbender). 

Calcium-rubidium Sulphate, Ca*Rb®(S0^)* + 3H*0, prepared like the corresponding 
potassium salt, crystallises in stellate groups of translucent needles, wMch are decom- 
posed by water (Ditte 

A number of remarkable double salts of calcium sulphate have been found by 
J. B. Hannay amongst the crystalline precipitates deposjt^ in tubes through which 
Jiave been successively passed solutions of 4*S0*, Na*SO\ CaSO‘, MgSO< and K'‘'CrO\ 
the last in excess. The greater number of the layers thus formed consisted of 
CaK‘‘*( SO*)*, 11*0, but there were also found'' two double salts of potassium chromate, 
consisting respectively of C!;K*(SO‘)(CrO*),H*0 and CaK*(SO‘)(CrO*)*. These two 
salts, scarcely distinguishable from one another in external appearance, form fiat 
prisms of undeterminable form, but having a brilliant aspect like that of lead iodide ; 
they are resolved by water into potassium chromate and pure calcium sulphate. 
Associated with the latter of these two salts was found a mass having a darken colour 
and no determinate crystalline structure, but appearing under the microscope to be made 
^ up of small felted needles, and having the composition CaSO* Na*SO*,K*Cr()». In 
another cube through which large quantities of the salt CaNa*(SO*)* had passed, a de- 
posit was formed resembling the salt above described, but differing from it by contain- 
ing water of crystallisation : its composition was CaSO ‘,Na*SO*,K*CrO* + H*0. Han- 
nay also describes a compound of calcium sulphate with hydrogen chloride. When a 
solution of calcium sulphate in hydrochloric acid is evaporated in a flask having its 
neck drawn out, and the residual gas is displaced by air witliout cooling the flask, a 
residue is left the composition of which agrees best with the formula 2CaSO*,HCl 
+ 3H*0, which is that of the normal salt 2CaSO* + 4lPO, having 1H*0 replaced by 
IHCl (Chem. Soc. J. xxxii. 399). 

Cerium Sulphates, See Cebixtm (p. 421). 

Chromic Sulphate, Cr*(SO‘)*. — Ktard {fiompt. rend, Ixxxiv. 1089) prepires this 
salt by passing ether-vapour into a solution of 100 pts. chromic acid, 160 sulphuric 
acid, and 225 water, whereby, after some time, a donee crystalline mass is formed, 
which, after washing with other and drying, consists of small lamellae, having a beau- 
tiful violet colour, permanent in the air, and having, when air- dried, the composition 
Cr*(SO*)*+ 18H*0. Schrotter, on the other hand, obtained the salt with 16H*0 (v. 
688). When dried at 100° it gives off 12H*0, and is converted into a crystallised 
deliquescent salt belonging to the green modification. Hence it appears that the 
difference between the green and violet modifications of chromic salts is due to the 
different amounts of water which they contain, and that the passage from the violet to 
the green modifleatfon on heating must be attributed to an abstraction of water, which 
may take place even within the solution, and thereby depends upon a true dissocia- 
tion. In confirmation of this view, Etaid hiis treated the violet sulphate with dehy- 
drating agents, such as strong nitric acid, sulphuric acid, and phosphorus trichloride, 
and finds that a conversion of the violet into the green modification takes place in every 
instance. He remarks that the complete conversion of a chromic salt into the green 
modification can be ascertained only by observation with artificial light, inasmuch as 
many chromic solutions appear green in sunlight, although they still contain consider- 
able quantities of violet salt (Etard). 

According to Lecoq de Boi.sbaudrHn {Compl, rend, Ixxix. 1491), blue solutions of 
ohrome-alum prepared in the cold gradually assume a green colour, and the green 
Bolutions prepared at higher temperatures gradually turn blue, these changes t^iug 
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place either in open or in closed vessels, in dilute or in .strong solutions, and indepon. 
dently of contact with crystals. The first change is attended^ with dehydration of 
the blue salt and gradual increase of the volume of the solution ; the second with 
hydration and gradual diminution of volume. The rate of conversion of the green into 
the blue salt diminishes rapidly with the time elapsed after cooling, an increase tf? 
volume being still perceptible after a month, and the state of equilibrium does not 
appear to bo attained till after the lapse of eight years. 

The double salt, Cr*(KSO*)", is obtajnod in yellowish-green felted needles by adding 
small quantities of chromic chloride to melting potassium bisulpliate ; and the corre- 
sponding sodium salt is obtained in like manner, though less easily, as a crystalline 
sandy powder (Etard). 

On Double Sulphates of Cliromium, see also p. 458. 

Copper Sulphates. — A hydrate, having the composition CuS0^3H*0, is ob 
tainod as an amorphous powder when the ordinary poutahydrate is heated at 26°-3()° 
in dry air. It is especially characterised by remaining quite unaltered in a vacuum, 
whereas the pentahydrate left in a vacuum at the same temperature gives oiF 4 mol. 
water (Magnier dela Source, Compt. rend. Ixxxiii. 899). Another hydrate, formed in 
the preparation of the copper salt of henzenesulphonic acid, crystallises in large, thin, 
blue laminm, containing a small quantity of the benzenesulphonate (Ozier, Bcr. ix. 83). 

On the Dissociation of Cupric Sulphate, see p. 1013 ; on its reaction with HCl, see 
p. 1872. 

Didymium Sulphate^ Di=*(S0^)*,9H*0. See Didymium (pp. 426, 644). 

Iron Sulphates. — Ferrous and Ferric Sulphates are formed, together with free 
sulphuric acid and hydrogen fiulphide, when iron pyrites is heated with water at 120° 
in a scaled tube (C. A. Biirghardt, Chem. News^ xxxvii. 49). 

Double Sulphates of Iron and Allied Metals (Etard, Compt. rend. Ixxxvi. 
1399; Ixxxvii. 602). 1. Fcrricn-almninic salts. — When 2 mols. ferrtius sulphate and 

1 mol. aluminium chloride are dissolved in the smallost possible quantity of hot water, 
the ferrous salt oxidised with nitric acid, a largo excess of strong sulphuric iicid added, 
and the liquid heated to about 220°, a crystalline precipitate separates composed of 
microscopic hexagonal plates, which when freed by deofintation from excess of sulphuric 
acid, washetl with glacial acetic acid, and dried at 120°, exhibit the composition 
hV(SO^)*,Al*(SO^)*,H“SO‘. This salt, when heated to redness, ^vos off sulphuric 
jusid, and leaves a white crystalline salt, insoluble in water, and having the composition 
PV(SO^)*,Al»(SO0». 

2. Ferrico'chrorm Salts. — The salt Fe*(SO*)*,Cr’*(SO<)®,ll’‘‘SO ' is obtained in like 
manner, with molecular proportions of ferrous sulphate and chromic acid, as a yellowish 
crystalline precipibite insoluble in water. When strongly heated, it likewise gives off 
sulphuric acid, leaving the insoluble and very stable salt, Fe''(SO ')*,Cr’-'(SO')®. 

Alumino-chromic Sulphate^ Al*Cr*(iSO^)* H*SO^ is obtained in a similar manner, as 
a light-green crystalline precipitate, which when heated gives off IPSO^, leaving 
Al*-Cr-(SO<)". 

Manganico-uluminic Sulphate^ Mn^SO*)’,2Ar‘‘(SO^)*, is formed when a mixture of 
manganous sulphate and aluminium sulphate is treated as above, and a mixture of 
sulphuric and nitric acids in equal volumes is added by small portions to the liquid 
previously heated to 250°. At this temperature the manganous sulphate is raised to 
a higher state of oxidation, nitrous *fumos are evolved, the originally colourless solution 
turns violet, and the double salt separates as a fine blue precipitate insoluble in water. 

Manganese-iron Sulphates. —The salt Fe*(S()‘)*,2MnSO^,3lPSO* is prepared in a 
similar manner, using ferrous sulphate instead of aluminium sulphate, and separates 
at about 160°, as a light-yellow well-crystallised salt, which is soluble in water, and 
when heated gives off 2H'-'SO*, and is converted into Fe‘(S0‘)^2MnS0^1^‘'S0’, which 
has a darker yellow colour and is insoluble in cold water. In these two salts the 
manganese is not raised to a higher stage of oxidation, bub if the oxidising mixture of 
nitric and sulphuric acid be poured into the strongly heated solution without previously 
separating the yellow precipibite, the salt Fe*(SO^)MVIn*(SO*)“, gradually separates in 
the form of a deep green crystalline precipiUito insoluble in water. 

Manganese^hromium Sulphates, — If in the process last described the iron salt be 
replaced by chromic acid, the salt Mn2(SO<)*,CP(SO0® is obtained in tho form of a 
green preciptato, and if the solution, after being heated with sulphuric acid, be left to 
cool before a precipitate is deposited from it, brown tabular crystals are obtained, 
consisting of the salt Mn*(SO<)^0^*(SO%2^*SO^ whicli dissolves with decomposition 
ill water, and when heated in the air is reduced to a green powder, Cr=*(SO*)*,3MnSO ‘, 
and a white basic salt. 

A rose-coloured aMferroso-ferric sulphate^ Fe'‘'(SO*)^FeS0^2H'^SO‘, is soinetiuica 
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fouriu at the bottom of the platinum vessels used for the concentration of sulphuric 
acid, and may be easily prepared by dissolving ferrous and ferric sulphates (1 mol. of 
each) in the smallest possible quantity of water, adding a large excess of strong sul- 
phuric acid, and heating the liquid to 200°, avoiding as much as possible the contact 
of air or other oxidising agents. The liquid on cooling deposits the double sulphate 
in small six-sided plates having a peach-blossom colour. In a similar manner the 
following salts may be obtained : 

Cr*(SO*)*,NiSO*,2SO^H* + 3H*0 ; .• greenish-yellow, 

Cr®(SO‘)*,2FeSO*,SO<H*+ 2H‘‘'0 . . brownish-green. 

Cr‘‘'(SOy,2CuSO\SO^H* .... greenish, asbestos-like needles, 

having a silky lustre. 

Fe“(SO^)*,NiSO\2SO*H® .... yellow, crystalline. 

Fe2(SO^)>,2MnSOS3SO^IP . . . light-yellow, well-crystallised la- 

minse. 

Al^(SO*)*,2FeSO^SO*H* .... white six-sided laminae. 

AF(SO ')*,2NiSOSSO 'li* .... yellowish, crystalline mass. 

All these salts are insoluble in water, and are gradually decomposed thereby* 
Corresponding manganese salts may also be obtained, but they are difficult to purify* 

Double sulphates of diatomic metals (magnesium group) of the general formula 
(M"SO^R''SO*)^H*SO* may be prepared by similar processes: the following have 
been obtained : • 

(NiSO^ZnSO^)^SO<H» .... yellowish. 

(FeSO^ZnSO^)^,SO^H* .... rose-coloured. 

(CuSO*ZnSO^)*,SO^H» .... „ 

(CuSO^CoSO*),SOm^ .... 

(FeSO^CoSO<)^SO*H* . . . ' . 

(CuSO^NiSO0^SO^H» e 

The sulphates of iron and copper yield in like manner a red crystalline double salt, 
CuSO^jFoSO^ + 2H‘*0, which does not give up its water of crystallisation till somewhat 
strongly heated, and is not oxidised even by fuming nitric acid. In the same manner 
have been obtained the salts CuSO^MnSO^ + H*0 and CuSO*,NiSO*-i- 311*0. By 
similar treatment of the simple salts instead of the mixtures, the mono- and di-hydrated 
salts are easily obtained in crystalline form, e.g. 0oS0* + H*0, NiS0* + 2H*0, 
ZnS0*-»-H*0, CuS0* + H*0. By dissolving the simple salts in strong sulphuric acid 
and boiling the solutions, the anhydrous salts are obtained in crystalline form, eg, 
CoSO^ in hexagonal prisms with pyramidal summits at each end, and having the 
aspect and reddish colour of some kinds of quartz ; also NiSO* in lemon-yellow crystals 
of similar aspect, and CuSO^ in fine white prisms (Etard). 

Lead Sulphate^ VhSO*. —On the crystalline form of Hungarian lead sulphate, 
see Krenner {^tschr, Kryst. i. 321 ; Jahreeb,/, Chem. IS77» 1296). 

SoluUliiy—Z. Kolb {pingl, pal. J. ceix. 268) has determined the solubility of this 
salt in sulphuric acid of different strengths and at ordinary temperatures, with the 
following results : 

100 pts. acid of sp. gr. 1’841 dissolve 0*039 pt. PbSO^ 

„ „ „ 1*793 „ ^ 0 011 

„ „ „ 1*640 „ 0*003 

The solubility is increased by the presence of nitric acid, but not by that of sul- 
phurous acid. 

In Acetates. According to 11. C. Dibbits (Zeitschr. anal. Chem. 1874, 137), 100 pts. 
of water containing a drop of acet ic acid, and 

2*05 pts. sodium acetate dissolve 0*064 pt. PbSO* 

8*2 „ „ 0*900 „ 

410 11*200 „ 

The quantity of lead sulphate dissolved appears to bo but little influenced by temper- 
ature. The solution is immediately precipitated by sulphuric acid and by lead acetate. 
On mixing the solution with 7 vols. alcohol of 92 per cent, a prccipitsite is formed con- 
sisting of anhydrous sodium sulphate and leml sulphate, in one instance 89*4 per cent. 
Nn*SO* and 10*6 PbSO^ in another 96*0 Na'-SO* and 4*0 PbSO*. Lead sulphate also 
dissolves in the acetates of manganese, zinc, nickel, and copper, but not in acetate of 
mercury or silver. Barium acetate and lead sulphate decompose one another partially 
at ordinary temperatures, producing load acetate and barium sulphate ; the converse 
reaction does not take place. 

Reajctions.—'LeeA sulphate, treated with excess of potassium iodidct is readily con- 
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verted into lead iodide, or the double iodide of lead and potassium. When load sul- 
phate (1 raul.) and sodium chloride (1 mol.) in solution are brought together in presence 
of lead oxide, about lialf of the material is converted into lead chloride and sodium 
sulphate. The quantity of lead oxide may be varied to a considerable extent without 
perceptible effect on the intensity of tlie reaction. After several repetitions of the 
treatment with sodium chloride, at each of which a similar action takes place, tlftro 
finally remains a mixture containing, together with a small quantity of unaltered lead 
sulphate, a double salt of lead chloride and carbonate easily decomposed by water 
(F. Matthey, Arch, Vharm, [3], xiii. 233). 

Lithium Sulphate, — ^An acid lithium sulphate, LiHSO\H*SO\ is obtained in 
deliquescent crystals melting at 120°, by dissolving the normal salt in pure hydrogen 
sulphate, II*SO^ (Nordhausen acid from which the anhydride had been distilled ofi) 
(Lesemur, BuU, 8oc, Chim. [2], xxiv. 516). 

Magnesium Sulphate, — On the dehydration of magnesium sulphate* 
MgSO\7IFO, by hejiting in a current of air, see Ilannay (p. 1014). On its decompo- 
sition by dry hydrogen chloride, Hensgen (p. 1872). 

To detect the presence of alkali 'Sulphates in commercial magnesium sulphate, 
E. Biltz {Zeitschr, anal, Chem, x. 258) triturates 2 grams of the salt with 2 g. dry 
calcium hydrate prepared from burnt marble ; then adds water in sufficient quantity to 
convert the mixture into a granular powder ; drenches the mass with 6 g. of a mixture 
of equal parts alcohol of 90 degrees and water ; and, after agitation, leaves it at rest 
for an hour, and lastly adds 10 g. absolute alcohol. If alkal^salts are present (from 
^ per cent, upwards), turmeric paper in contact with the mixture immediately turns 
brown. 

Manganese Sulphates, See Mangankse (p. 1266). On Double Manganese 
Sulphates, p. 1875. 

Mercuric Sulphate,— The compound HgS0^2HCl, or more probably 
HgCl*,H*SO\ is formed by the action of gaseous hydrogen chloride or of strong 
hydrochloric acid on mercuric sulphate. It is fusible, and sublimes in white needles. 
The corresponding hromine-compoundf formed in like manner, sublimes in white shin- 
ing laminae. Both these compounds dissolve in water without decomposition (A. Ditte, 
Compt, rend. Ixxxvii. 794). 

Nickel Sulphates, Double (p. 1876). 

Fhilippium Sulphate, See Yttrium Metals. 

Potassium Sulphates. — In preparing the normal sulphate K*SO^ from kiesor- 
ite, 2MgS0Sll*0, and potassium chloride, G. Bcrscho proposes first to prepare the 
double sulphate of magnesium and potassium, and then convert this salt by means of 
potassium chloride into potassium sulphate and magnesium-potassium chloride. The 
reaction is somewhat retarded by the presence of the magnesium chloride, but this 
inconvenience may bo avoided by treating a mixture of 5 to 8 mobs, potassium chloride 
and 4 mols. magnesium sulphate with successive small quantities of cold or moderately 
warm water, not sufficient in all to dissolve the salt completely. The residue then 
consists of pure potassium sulphate. The greater part of the magnesium chloride 
remains in the first mother-liquors, and the later mother-liquors, which contain loss 
magnesium, may be used to decompose fresh quantities of kioserite, whereby the yield 
of potassium sulphate is increased, and chloride of potassium is saved. For evapora- 
tion there is always obtained a d<^itorminate quantity of mother-liquor of constant com- 
position, which deposits carnallite, KCl,MgCl*,6H*0, available for the preparation of 
potassium chloride. 

F. Branjes has patented a process for preparing potassium sulphate from kainito 
and from kieserite, ECl,MgSO^, 311^0, which consists in dissolving 1*5 to 2 mols. 
potassium chloride and 1 mol. kieserite or kainitc (in the latter case with addition of 
1 mol. KCl) in 460-600 pts. water, and precipitating with alcohol. The whole of 
the magnesium then remains dissolved as chloride, and any potassium chloride that 
may remain in excess is partially precipitated with the sulphate. On evaporating the 
mother-liquor to 30° B., an additional quantity of pure potassium chloride separates 
out, followed, on further concentration to 36° B., by carnallite. An excess of potassium 
chloride is necessary in this process, sd'that the precipitated sulphate maybe rendered 
loosely coherent by the i^dmixture with the chloride, and the washing thereby facilitated 
{Jahreeb.f. Chem. 1878, 1127). 

J. Ogier (Compt. r&tul, Ixxxii. 1055), in preparing the potassium salt of benzene- 
sulphonic acid, has obtained u new form of normal potassium sulphate, differing from 
the ordinary form by containing a smaller amount of crystallisation-water. It crys- 
tallises in large transparent plates, having the composition and gives off 

its water in a vacuum or when heated to 150°. 100 pts. of water at 15° dissolve 
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9*82 ptB. of this salt. The same salt is obtained by crystallisation of a mixture of 
potassium sulphate and benzenesulphonate containing an excess of the latter. 

An acid potassium mlphatet K*0,4S0*+6H*0, or perhaps K*Ii®(SO^)* + 3H*0, is 
obtained by dissolving the normal salt in hot strong sulphuric acid, and separates 
on cooling in large nacreous deliquescent crystals which melt at 61^, and give off 
water at 23d‘’ (II. lioscoeur, Compt rend, Ixxviii. 1044). 

Sodium Sulphate, Na^SO^ — On the solubility of this salt in glass, see Ebell 
{Dinghpol. J. ccxxv. 168; Jahresh.f. Chem, 1877, 1165). 

On the analysis of crude sodium sulphate {halUsoda), see Tate, Tinniswood, and 
Simmonds (Chem. News, xxix. 144, 164, 185, 205, 216, 239). 

Sodio-ferrous Sulphate, Na*Fo(SO^)* t 4H‘‘*0, may be prepared by dissolving crys 
talliscd ferrous sulphate, in its own weight of hot water, with addition of 2 per cent, 
dilute sulphuric acid, and adding an equivalent quantity of crystallised sodium sulphate 
(100 pts. to 88*8 ferrous sulphate), then heating the solution to the boiling point, and 
evaporating it with gentle ebullition and constant stirring. The double salt which 
separates out is drained, washed with a little cold water, and dried, first in the air of 
a warm room, and finally at 100^, at which temperature it does not give off its water 
of crystallisation (Blitz, Zeitschr, anal, Chem, 1874, 174). 

Strontium Sulphate, SrSO\ dissolves in strong sulphuric acid (sp. gr. 1*843) at 
70^ in the proportion of 14 pts. to 100, the solution at a higher temperature depositing 
tabular rhombic crystals, which at a still higher temperature are replaced by cubic 
and octohedral crystals (Garside, Chem. News, xxxi. 245). 

On Sulphates of Terbium and Ytterbium, see Yttrium Metals. 

On Vanadium Sulphates, see Vanadium. • 

ZiMc jSttZp Art ZnSO'.— Commercial zinc-vitriol may easily be purified from 
iron or manganese by adding to the boiling concentrated aqueous solution, first a small 
quantity of levigated zinc -white, and then a solution of zinc permanganate, till a 
reddish colour begins to appbar (JrtAmA. /. Chem, 1876, 1103). Zinc sulphate ij 
completely reduced by hydrogen-potassium sulphide to white sulphide of zinc (J, 
Myers, Ber. 1873, 440). 

On Double Salts of Zinc Sulphate, see p. 1876. 

Sulphuric Ethers (Maria Mazurowska, Ber, viii. 332; J, pr. Chem. [21, xiii. 
158). Normal Ethyl Sulphate, SO^^qq^U^, is obtained by the action of 
sulphuric hydroxychloride on ethyl alcohol ; 

2(02H«.0II) + SO^Cl.OH « SO»(OC2H»)* + HCl + H’O. 

It is a faintly yellowish, inodorous, perfectly neutral liquid, soluble in alcohol, nearly 
insoluble in ether, converted by water into ethylsulphuric acid. Treated with potash 
it yields a potassium salt, SO*(OC*H*)(OK), which is converted by potassium hydro- 
sulphide into potassium sulphate and mercaptan : 

SO*(OC*H*)(OK) + KSH = 

The constitution SO*(OC*H*)* has hitherto boon assigned to the other which Wetherill 
obtained in 1847 by the action of sulphuric anhydride on anhydrous ethyl alcohol 
(y. 624). Mazurowska, however, finds that the potassium salt of this ether does not 
yield mercaptan when treated with potassium hydrosulphide. She represents the 

ether by the formula or O0*H** potassium salt by 

the formula C*HXOH).SO*.OK. 

The normal ethers of methyl, propyl, butyl, and amyl are prepared in like manner 
by the action of sulphuric hydroxychloride on the corresponding alcohols. The phenyU- 
ether, 0‘*H*®SO\ similarly prepared, is a thick oily liquid, which is decomposed by 
water yielding paraphenolsulphonic acid, C®H^(OH)(SO*H). By heating nitrophenol 
with sulphuric hydroxychloride, decomposing the piquet with water, and saturating 
with barium carbonate, a barium salt is obtained having the composition 
(C«H*NO*SO«)Ba+2H*0. 

Thymyl Sujphate, SO^(OC’®H>’)^ has not been obtained pure, but by decomposing the 
product of the action of sulphuric hydroxychloride on thymol with water, and saturating 
with baryta-water, a barium salt is obtained having the composition (C'®H^*SO^)®Ba. 

Pyroanlpliurlc or Bleulphurlc 2SO«H2- H’O. On the form- 

ation and reactions of this acid, see vii. 1149. 

Thloenlplmrlc Acid, H*S*0**SO*(OH)(SH) or HO.SO.O.SH. This acid has 
been found in the urine of a typhus patient (A. Strumpell, Zeiischr, anal, Chem, 
xvi. 134). 
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Estimatum . — An indirect method of analysing a mixture of eulphites and thio- 
sulphates is described by J. Grossmann {Chem. News^ xxxvii. 224). Denoting by x 
the quantity of iodine equiyalent to the thiosulphate, by,y the quantity equivalent to 
the sulphite, by A the total quantity of iodine used, and by B the quantity of sulphuric 
acid yielded by the whole after complete oxidation, then ^ 

* ” 3Na>80*' ® .V = 5^ “ 

from which the quantities of thiosulphate x and sulphite y may be calculated by means 
of known coefficients. 

According to Polacci (.Ber. x. 174), thiosulphates may be sepamied from carbonates 
by gently heating the mixture witli acid potassium tartrate, the carbonate alone being 
thereby decomposed. 

Certain double thiosulphates, e,g. the lead-potassium, silver-potassium, and mercury- 
sodium salts, are resolved when boiled with water into 8ul|)hidcs and trithionates, 
thus: 2AgKS*0* » Ag'-^S + K^S*0*. The reaction, however, soon reaches a limit, and 
to ensure its continuation, the metallic sulphide must be separated by filtration and 
the boiling renewed (W. Spring, Ber. vii. 1167). 

Ammonium Zyj An (NJD)*S“0*, is formed : 1. By combining sulphuric 

anhydride with ammonia and treating the resulting ammonium sulphonato with 
hydrogen sulphide: SO*.2NH* 4- H*S = (NH^)^“0®. — 2. Together with small quantities 
of ammonium polysulphide and ammonium trithionate, whrn normal ammonium 
sulphate is heated with phosphorus pentasulphido, the thiosulphate and pulysulphido 
subliming while the trithicn.t.o remains behind. The formation of the trithionate is 
probably due to a decomposition of the ammonium thiosulphate, analogous to that of 
the double thiosulphates aboA^o mentioned: 2(NH<)2,S='0' = (NH‘‘)'‘'S + (NID)*S*0* 
(Spring). 

Sodium thiosulphate^ Na^S^'O*. — According to A v. Trontinaglia (ITicti. Akad, 
Ber. 1875, [2 Abth.], Ixxii. 669), this salt melts at 48’()9° ; and its specific heat is, 
for the solid state, ()-4447 ; for the liquid state, 0 f)69 ; latent heat of fusion 37’6 for 
1 grjim at 9-86®. According, to T. A. Edison {Amer, Cf^em, vii. 127), it dissolves in 
considerable quantity in oil of turpentine, from which it almost completely removes 
the odour. 

The specific gravities of the thiosulphates of barium, stronthim, and calcium have 
been determined by T. L. llichardsoii (Sill. Am. J. [3], xiv. 281) with the following 
results : 

BaS*0« H’O precipitated | * ^ J { ®o 

SriS*0*,6H^0, in good crystals .... 2’1 666 ami 21901 at 17" 

CaS*0’,6H®0, in fine crystals . . . . | at 16°^ 

Bismuth thiosiilphate, Bi''‘(S^O*)’. — The double thiosulphates of bismuth and 
the alkali-metals, formed by mixing a slightly acid solution of a bismuth salt with 
sodium thiosulphate, are distinguished by their perfect solubility in water. The solu- 
tions, however, Avhen left to themselves, change in course of time, and more quickly as 
they are more ©mcentrated, sulphates being formed, together with a precipitate of 
bismuth sulphide. The sodium-bismuth salt dissolves also in all proportions in alcohol, 
whereas sodium thiosulphate is nearly insoluble in that liquid. When an alcoholic 
solution of potassium chloride is added to an alcoholic solution of this double 
salt, a copious light yellow precipitate is. formed, liaving the composition 
Bi*(S*0*)*,3K“S^0*,2H*0. As no similar precipitate is formed by tlie chlorides of 
sodium, lithium, ammonium, calcium, magnesium, aluminium, manganese, iron, &c., or 
indeed by any metallic chlorides except those of barium, strontium, and the metals 
which are precipitated by hydrogen sulphide, this reaction is remarkably well adapted 
fop the analytical separation of potassium from other metals. Further, it takes place 
in solutions of the nitrates as well as in those of the chlorides, but not at all, or less 
completely, when sulphates are present (A. Carnot, Compt. rend. Ixxxiii. 338). 

Compound of Sodio-cuprous Thiomlphaie with Cupric Sulphide . — Tlie yellow salt, 
to which Lenz a. Siewert assigned tlie formula Na‘S®0^Cu■'^5^0^CuS + 4IPO (Pqjr/(^. 
Ann. Ivi. 528), is found by Kessel (Ber. x. 1677, 2000 ; xi. 1581) to vary in composi- 
tion according to temperature. When prepared at + 10®, it has a composition agree- 
ing very nearly with Siewert’s formula (atomic ratio Na : Cu : S = 2 : 3 : 6), but when 
it is prepared at - 10=*, the ratio is nearly Na : Cu : S = 4 : 1 : 4. It may bo obtained 
with the composition given by Siewert, except as regards the amount of water, by 
taking care to keep the temperature down to 0° by throwing in snow during the 
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separation of the salt. The proportioa in vhich the aodinm thiosulphate and cupric 
sulphate act on one another to produce this salt are not those given by Siewert, viz. 
SNa^S^O* : 3CuSO^ but 2Na*S*0* : CuSO^. That the formation of this double salt is 
preceded by that of another containing a larger proportion of sodium thiosulphate is 
inferred by Kcsscl from the sudden yellow coloration which takes place after the addition 
of a certain quantity of cupric sulphate, also from the fact that the colourless mixture 
gives no precipitate with soda-ley, but that after the addition of a quantity of cupric 
sulphate sufficient to produce the yellow coloration, soda-ley immediately produces a 
precipitate of cuprous oxide. Kessel has also determined the quantity of f^ee sulphuric 
acid produced in the reaction, by estimating the quantity of sulphur separated from 
the sodium thiosulphate by the action of this free acid, and finds that 1 mol. is 

formed to every 2 mols. CuSO^ agreeing exactly with the first phase of the reaction : 

2Na2S»0=‘ + 2CuSO< - CuWCS^O*)^ + Na^SO* + SO* + 0. 

The yellow salt is decomposed by cold strong hydrochloric acid, forming a white 
mass which contains neither sulphur nor copper chloride, is permanent when diy, 
but in contact with water or moist air, turns first blue and afterwards brown, with 
separation of copper sulphide and evolution of sulphur dioxide. It dissolves in 
ammonia, forming a colourless solution which slowly turns blue in contact with the 
air, and gives with alkalis a precipitate of cuprous oxide. By dilute mineral acids the 
white salt is partly dissolved, partly decomposed, with separation of copper sulphide. 
After deduction of admixed sodium chloride, the white salt exhibits the atomic ratio 
Na : Cu : S = 3 ; l : 3, so that in its formation from the yellow salt, not only copper, 
but also sulphur, must have been eliminated. 

When Siewert’s yellow salt is boiled with water,* it is converted into copper 
sulphide, sulphurous acid, and sodium sulpliate, a little free sulphuric acid being 
probably also formed at the same -time. Thasamo decomposition is also unaccountably 
produced in the double salt separated at lower temperatures, which undoubtedly con- 
tains more than 1 mol. Na*S*b* to 1 mol. Cu*S^O*. The white salt is also decomposed 
by boiling in the same manner. The supposition of Renesse {^Maandhlad'voor natuur- 
wetenschap, 3 Jahrgang, 1872-1873), that a mixture of copper and sulphur is thereby 
produced is inadmissible. The precipitate contains free sulphur only when the copper 
solution has been boiled with a large excess of sodium thiosulphate, and in this case 
the sulphur results from the decomposition of the sodium thiosulphate duo to the 
action of the free sulphuric acid formed in the process. 

When the yellow salt dried over sulphuric acid is drenched with hydrochloric acid, 
it is not converted into the white salt, but dissolves in the arid with dark brown 
colour, this difference of behaviour of the dried and undried salts being probably duo 
to the different amounts of water which they contain. Alcohol procipiUites from the 
brown solution a chocolate-coloured powder, which is resolved by heat into copper 
sulphide, sulphur dioxide, sulphur, and sodium sulphate, and dissolves without decoin- 
po-^ition in water, and in dilute hydrochloric acid, but when boiled with the latter, gives 
off sulphur dioxide and yields a precipitate of copper sulphide. * Its dilute aqueous 
solution is not precipitated by ammonium sulphide or by soda-ley, but the concentrated 
solution gives with sodium hydrate a precipitate of cuprous oxide and copper sulphide. 
Zinc immersed in the hydrochloric acid solution eliminates hydrogen sulphide. Am- 
monia does not act upon it in the cold, but throws down copper sulphide at the 
boiling heat, the liquid at the same time turning bli». The campositioB of the choco- 
late-coloured salt is 0u*Na*(S*0*)*,2CuS. 

Chloropurpureocobalt thwsvlphatef (Co*,10NH*)Cl®,2S*O*, prepared by pouring a 
lukewarm solution of the corresponding nitrate into sodium thiosulphate, forms 
brownish-red orthorhombic crystals oo P . P oo with sharply defined faces (Jorgensen, 
J. pr. Chem. [2], xviii. 209). 

TrimthyUulphine thiosulphate, [(0H»)*S]*S*0*. See Sulphines (p. 1850). 

FAhyl-thiosulphuric acid, = SO*(SC*H»)(OH) (H. Bunte, vii. 

646). — The sodium salt of this acid is formed by heating 1 mol. ethyl bromide for a 
few hours in a reflux apparatus with 1 mol. sodium thiosulphate. On evaporating to 
dryness at a gentle heat, and exhausting the saline mass with a little boiling alcohol, 
a solution is obtained which solidifies on cooling to a pulp of thin, silky, six-sided 
laminae, having, when recrystallised from alcohol, the composition C*H*S*0*Na. The 
neutral aqueous solution of the salt is but slightly decomposed by heating on a boiling 
water-bath, but on adding a small quantity of hydrochloric acid, decomposition sets in 
rapidly, the odour of mercaptan becomes perceptible, and sulphuric acid may ho 
detected in the liquid : 

SO«(SC*H»XONa) + H*0 - C*H\SH + SO*(OHXONa). 
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The dij sodium salt, when heated for some time at lOO^’Js converted into dithionate, 
and on distilling il in a sulphuric acid bath, sulphur dioxide is given off, and a dis- 
tillate of ethyl disulphide is obtained : 


and 


2SO^SC*H»)(ONa) - S=*0«Na* + S*(0*H*)» 
S®0«Na« * SO*Na* + SO* 


The solution of the sodium salt yields sparingly soluble precipitatea with silver 
nitrate, lead nitrate, and mercuric chloride. The precipitate formed with the last- 
mentioned reagent is quickly converted on heating into the compound C*H®‘S.Hg.Cl, 
while sulphuric acid remains in solution : 

(0*H»S)S0*(0Na) + HgOl* + 11*0 = C*H»S.Hg.Cl + HOI + HSO^Na. 

The sodium salt is readily oxidised by nitric acid, yielding sulphuric and ethylsul- 
phonic acids. 

Solpliurlo Perozldei S*0*. JPermlphurio acid (Berthelot, Ann, Chim, Phys. [5], 
xiv. 346, 354 ; Compt. rend. Ixxxvi. 20, 71). This oxide is formed by the action of an 
electric current of high tension on a mixture of equal volumes of dry sulphurous oxide 
and oxygen ; strong sulphuric acid, under similar circumstances, does not unite either 
with oxygen or with ozone. The same oxide is obtained in the electrolysis of strong 
solutions of sulphuric acid, a circumstance which has given rise to its being confounded 
sometimes with hydrogen dioxide, sometimes with the imaginary substance called 
antozone. It is also formed when a solution of hydrogen dioxide is cautiously mixed 
with sulphuric acid containing not more than 1 mol. H*0 (not weaker than H*SO*), 
probably also in various oth^r processes in which strong sulphuric acid is mixed with 
alkaline or metallic peroxides. Lastly, it may be produced directly from sulphuric 
oxide and oxygen ; but in this case, as w^dl as in its formation from sulphurous oxide, 
a large excess of oxygen is required to furnish good results. 

’ Sulphuric peroxide, when pure, forms broad transparent flexible noodles often 
a centimeter long, and bearing a strong resemblance to sulphuric oxide ; frequently, 
however, it is obtained in liquid drops which solidify to indistinctly crystallised 
nodules. It has a considerable vapour-tension, exceeding at 10° several centimeters. 
At temperatures near the freezing point, it may be kept unaltered for several days, 
but after a while it decomposes. In aqueous solution this decomposition tetkes place 
very quickly ; the solution in strong sulphuric acid is more permanent, but even in 
this a gradual evolution of oxygen takes place. When heated it decomposes immedi- 
ately into sulphuric oxide and oxygen. In contact with the air it gives off white 
vapours, and gradually deliquesces to hydrogen sulpliato. With baryta-water it partly 
decomposes, witJi evolution of oxygen and .separation of barium sulphate, while another 
portion forms soluble barium persulphate, which, however, is quickly resolved into 
oxygen and harium persulphate^ so that it cannot bo obuinod pure. The peroxide is 
converted by sulphurous acid into sulphuric acid, but its solution in a large quantity 
of strong sulphuric acid, yields, after treatment with sulphurous acid, a considerable 
quantity of dithionic acid. 

Polytblonlo Acids. 'Miehfuelia {Liehiy^s AnnaJen, clxx. 31) represents these 
acids by the following constitutioiuil formula*, based on those of sulphurous acid, 
SO(OH)*, and thiosulphnric acid, S(OH).O.S(On), or -which he regards as more 
probable — SO(OH).O.SH : 


Sulphurous acid 
Dithionic acid 

Trithionic acid 


SO(OH)(OH) 

S0(0H).0>. 

SO(OH).OX 


SO(OH),a 


Thiosulphuric acid 
Tctrathionic acid. 

Fentathionic acid 


SO(OH).O.SH 

SO(OH).O.S\ 

SO(OH).O.S-^ 

SO(OH).O.Sn. 

SO(OH).O.Sx>S 


Spring (Ber. vi. 1108) finds that the action of SCI* on potassium sulphite gives rise to 
trithionate and chloride of potassium, whence he assigns to trithionic acid the formula 
HO.O.SO.S.SO.O.OH; 


SO.OK.OK) 

SO.OK.OKj 


+ SCI* = 2KC1 + 


KO.O.S( 

KO.O.SO. 


; 8 >« 


When S*Cl* is added by small portions to barium thiosulphate made up into a paste 
with a small quantity of water, sulphur separates in the first instance; and if the mass 
be immediately thrown on a filter, the liquid which runs through allowed to drop into 
sulphuric acid, and the free sulphuric acid removed b;^ the exact quantity of barium 
hydrate requii^ to combine with it, a clear liquid is obtained, exhibiting all the 
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reactions of pentathionic acid: bonce Spring assigns to this acid the formula 
HO.O.SO.S.S.S.SO.OH. 

mtlilonlo Aoldf H^S^O”. SoToral salts of this acid have been examined by IT. 
Baker {Chem, xxxvi. 203). The sodium Na*S’*0“ + 2H*0, has a density 
of 2-175 at 11°, and forms rhombic crystals having the axial ratio a : 5 : c » 
0*9922 : 1 I 0*5981, and the faces ooP, P oo, P, ooPoo; prismatic from pre- 
dominance of 00 P. The silver salt, + 2H'‘^0, forms rhombic crystals iso- 

morphous with those of the sodium salt, a: b : 0 = 0*9884 ; 1 : 0*5811. Observed 
faces P GO, P, 00 P, Pi, uo P ca, oo P 00 ; habit sliort prismatic. The silver-sodium salt, 
^gNa)S*0® + 2H*0,is rhombic, with the axial ratio 0*9813 : 1 : 0*5856, and the faces 
Poo, P, 00 Poo, 00 P, 00 Poo. The dome is so strongly developed that the crystals 
appear horiaontally prismatic (Baker). The barium salt, BaS“0* + 2fl5'0, has a density 
of 4*536 at 13*5°. Its siiturated solution boils at 102°, and 1 pt. of the Siilt dissolves 
in 0 994 pts. water at this temperature ; according to an older statement by Heeren 
(Ann. Phys, Chem, vii. 172), 1 pt. of the salt dissolves in 1*1 pt. of boiling water. 
The calcium salt, CaS^O* + 411^0, has a density of 2*1 76 at 1 1°. From the corrosion- 
figures of these two salts, Baumhauer (T^tschr. Kryst, i. 54) infers that they crystal- 
lise in rhombohedral-hemihedral forms, and not in tetaitohedral forms, as might be 
supposed from their optical rotatory power. The magnesium salt, MgS*0* + 6H‘0, 
crystallises in oblique prisms dissolving in 0*692 pt. water at 17°. The nickel salt, 
NiS^O^i- 6H^O, dissolves in 0*897 pt. water at 12°. 

Hypovanadie dithioHate is prepared by precipitating a solution of the barium salt 
with the requisite quantity of hypovanadie sulphate, and evaporating the blue filtrate 
in a vacuum. It then separates in crystals, which, however, always retain a small 
quantity of the sulphate (E. J. Bevan, Chem. News, xxxvfii. 294). 

Chloropurpureocohalt dithionate, (Co“,10NH*)Cr‘',SH)’“, obtained by pouring a 
lukewarm solution of the corresponding nitrtite into sodium dithionate, crystallises in 
shining rectangular prisms (Jorgensen, J. pr. Chem. [2], xviii. 209). , 

Aniline dithionate, (C“H'N)*H*S^O*, is obtained in fine long needles by decomposing 
aniline sulphate with barium dithionate. It is a moderately stable compound, dis- 
sohnng without decomposition in water and in alcohol. 100 pts. water at 16° dissolve 
7*89 pts. of this salt (Sevan). 

Tiitlhlonlo Acldi H^S’O*. On the formation of the ammonium salt of this acid 
bv heating ammonium sulphate with phosphorus pentasulphide, see p. 1879. Ir is 
also formed when sulphur snlphotlichloridc, 8*01®, is added by drops to a solution of 
normal potassium sulphite. The jwtassmm salt, K®8*0*, prepared by the action of 
sulphurous acid on a saturated solution of potassium thiosulphate, crystiillises in 
orthorhombic needles, a : 6 : c = 0*3586 : 1 : 0*4204. Observed faces oo P, « f*2, 
ooPoo, 00 Poo, Poo. An attempt to prepare the sodium salt by a similar process 
yielded nothing but crystals of the thiosulphate (Baker, loo. cit.) When a concentrated 
solution of potassium trithionate and sulphite is heated with solution of cupric 
sulphate, the liquid becomes colourless, and on cooling deposits a double salt, 
Cu*S*0®,K®S>0®+H®0, in white needles having a silky lustre (Spring, Bit, vi. 1108). 
Thallium trithionate, TPS®0®, separates, on evaporating a solution of thallium carbonate 
in trithionic acid, in colourless needle-shaped crystals isomorplious with the potassium 
salt. It decomposes slowly at ordinary temperatures, quickly when heated, and is 
therefore difficult to obtain free from sulphate. i. 

Tetratlilonlo Acid, H®S^O®. Accorrling to Spring (Bull. Belg. [2], xlv. No. 5, 
May, 1878), the production of this acid from sulphurous oxide and hydrogen 
sulphide is due to the formation of thiosulphuric acid by the action of sulphurou.s 
acid upon sulphur, and its subsequent oxidation by the excess of sulphurous oxi !e 
present, as represented by the equations : 

(1) . SO® + H®0 -t- S = S®0»H® 

(2) . SO® + 2S®0®H® « SO®n® + S<0®H® 

The correctness of these equations is shown by the fact that tetrathionic acid may i>o 
obtained by the action of sulphurous acid on flowers of sulphur, ami that the hypo- 
sulphurous acid, which should be formed according to the second equation, may be 
actually detected by its strong reducing action on solution of indigo. 

Pentatblonlo Acid, H®S®0®. The existence of this acid, which, according to 
Wackenroder, is produced by passing hydrogen sulphjde in excess into a saturated 
aqueous solution of sulphurous acid (v. 642), has been called in question by M. W. 
Spring {fiull. Acad. Belg. [2], No. 5, Mai, 1878), who states, as the result of his own 
experiments, that the acid solution thus produced contains, not pentathionic acid, but 
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a mixture of tetrathionic and hyposulphorous acids ; that it is not decomposed by 
alkaline hydrates (as stated by Wackenroder, who cites this decomposition, with pre- 
cipitation of sulphur, as a test for distinguishing pentathionic from tetrathionic acid), 
but that, on addition of the alkali, a tetrathionate is formed, without precipitation of 
sulphur. Stingl a. Morawski, on the other band {J. p*. Chem. [2], xx. 76), find, bo^ 
by qualitative and quantitative experiments, that Wackenroder*s solution contains an 
acid richer in sulphur than tetrathionic acid ; and the same conclusion results from 
the recent ^periments of Takamatsu a. Watson Smith [Ckem, 8oc, J. xxxvii. 692), 
who also point out that the acid contained in Wackenroder’s solution is clearly dis- 
tinguished from tetrathionic and all the other polythionic acids by the fact that it is 
decomposed, with separation of sulphur, by alkaline and earthy hydrates, by alkaline 
.carbonates, and gradually even by earthy carbonates, its salts being indeed very 
unstable, though the acid itself is stable. The sulphur thus precipitated is redissolved 
by the alkali on boiling, and even on standing for some time at Quinary temperatures. 
The action of alkalis on pentathionic acid in aqueous solution may be represented by 
the equation : 

2H2SW + lONaOH = 3S + SNa^SO* + 2Na2S'‘0» + 7 IPO 
Pentathionic Sulphite. Thiosulphate, 

acid. 

In an ether-alcoholic solution a different reaction takes place, resulting in the forma- 
tion of tetrathionic acid : 

« S + H2S<0«. 

In this case, also, sulphur is r'cparated, but in smaller quantity, and it is immediately 
taken up by the alcohol : hcrce the mistake made by Spring, who treated a mixture 
of Wackenroder's solution Hth alcohol and ether, and then added a solution of caustic 
soda, and finding that no sulphur was pre cipitated, and that the solution contained 
tetrathionic acid, concluded that the latter acid was the immediate product of 
V^ackenroder’s reaction ; whereas it now appears from the experiments of Takamatsu 
a. Smith that the addition of the alkali does really give rise to a separation of sulphur, 
but that the sulphur is immediately dissolved by the other-alcohol. When a small 
quantity of the Wackenroder solution was treated in a test-tube with strong alcohol, 
then with ether, and a few drops of caustic soda-solution were added to the resulting 
clear liquid, an immediate turbidity was produced in the upper alkaline layer, which 
was formed for an instant, evidently in consequence of separation of sulphur, but as 
this alkaline layer sank through the liquid and mixed with the subnatant other- 
alcoholic solution, the precipitate quickly disappeared. On adding more caustic soda, 
a farther precipitate was formed, but this also quickly disappeared on agitation. 

Tetrathionic and pentathionic acids may be prepared synthetically by acting upon 
lend thiosulphate with a solution of iodine in hydriodic acid, a moderately strong 
solution giving rise to tetrathionic, and a solution as strong as can be obtained pro- 
ducing pentathionic acid. Tlie formation of the latter is represented by the equation : 

3PbS*0» + 2HI + 2P = -I- 3PbP + SO*. 

Reactions of the Polythionic acids. — ^The following table (p. 1884) exhibits a 
comparative view of the reactions of these acids with various tests. 

SVPBRPffOSPHATGS. See Phosphates (p. 1696). 

SYBNZTB. This rock from Biella has been analysed by A. Oossa 
Min. 1876, 874) with the following result : 

SiO* P-O* TIO* A1*0* Pe»0* FeO CaO MgO K*0 Na*0 

69-37 0-68 0-26 17'92 6*77 2-02 4*16 1-83 668 1*24 =* 100*83 

Also 0*38 loss by ignition, water, and GO*. 

From these analytical data, and from the specific gravity of the rock (2-710), com- 
pared with that of orthoclase crystals (2*673), and that of hornblende crystals (3*167), 
Cossa calculates 76*6 per cent, orthoclase, and 23*6 per cent, hornblende, as consti- 
tuents of the rock. Kenngott, however (jahrbuch, 1877, 169), objects to this con- 
clusion. 

Syenite yranites.-^{l). From Ravenswood in Queensland, in which plagioclase, 
quartz, mica, and hornblende were perceptible (Daintroo, Geol. Soc. Qu. J. xxyiii. 
271). — 2 and 3. Syenite-granites from Minnesota, including porphyritic mixtures of 
quarfz, orthoclase, oligoclaso. and small quantities of hornblende, biotite, apatite, and 
magnetic or titanic iron ore. The hornblendes appear to enclose an augitic nucleus. 
3. From Sauk Rapids, medium to coarse-grained; 3. From Watab, porphyritic 
(Strong a. Kloos, Jahrb.f. Min. 1877, 226), 
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SiO* A1“0» Fe*0» FeO MgO CaO K»0 Na*0 H*0 

(1) . 60*07 21 18 — 6-63 2*07 4*83 2*12 2*23 1 06 = 99*90 

(2) . 67*70 16*11 2*47 2*29 Ml 2*89 4*47 3*64 0*83 =101*01 

(3) . 70*06 16*04 1*70 1*09 0*82 1*97 6*09 4*77 0*81 =101*24 

On Sy&nite'-porphyries from South Norway, see Liehisch (Jahrb,/, Min, 18j?, 
412 ; Ckem, Soc, J, zxxyi. 362). 

BYBVOORXTE. See Jbypoorite (p. 1142). 

STBVAirZTB. See Tellurium Minerals. 

SYXiVBSTBBlflrBf A terpcnc occurring, together with australene, in 

Swedish wood-tar from Pinus sylvestrh. It, is a colourless liquid, boiling between 
173° and 176°, having a specific gravity of 0-8612 at 16°, and a rotation-coefficient of 
+ 19*6° for sodium light. The dihydrochlorklr^ obtained by passing hydrogen-chloride 
into an ethereal solution of sylvcstreno, crystal lisc^s in broad, fiat, shining needles, or 
in bar-shaped crystals melting at 72°-73° ; it is somewhat strongly attacked by water 
at 100°, and completely decomp(Jsed by alcoholic potasli with formation of potassium 
chloride. The last reaction also yields an oil which has an odour of polaigonium, 
and is likewise produced by treating the dihydrochlorido with aniline ; it appears to 
be a toTpinol-liko substance, 4C*®lI'® + H-0, and is reconverted by hydrogen chloride 
into the dihydrochloride (Atterborg, Ber, x. 1202). 

BT&VZir. Fibrous sylvin from Kalusz has been found by Niedzwiedzki (Min. 
Math, 1877, 96) to conhiin 60 to 80 per cent. KCl, together with NaCl. Nodules of 
anhydrite 3 to 4 cm. in diameter were imbedded in it. 

BTMPZiOCOB* Lotur-bark, from Symplocos racemosa^ a tree indigenous in 
India, contains three alkaloids, loturine, collotnrino, and loturidine. Loturine may be 
easily obtained in crystals from its solution in acettne, ether, or alcohol, and is 
cluiracterised by tlie intense blue-violet fiuoreseence of its solutions in dilute acids. 
Colloturine crystallises in long shining prisms, terminated at both ends by pyramids, 
and sublimes at 234°. Its solutions in dilute acids likewise exhibit a blue-violet 
lluoresconce. Loturidine is amorphous ; its solutions in dilute acids exhibit a blue- 
violet fiuoreseence, which becomes especially conspicuous when the solution is strongly 
diluted. 


BYBAWTHREHrE. A constituent of crude nnthracono, probably having the 
formula It forms a dibronio-dorivative, 0**11 ^llr*, which crystallises in light 

yellow microscopic needles, KTiblimcs undccomposed, molts at 176°, is more soluble 
than dibromanthracene in benzene and tar-oils, moderately soluble in hot alcohol. By 
boiling with alcoholic potash it is gradually converted into a viscid resin, which is 
precipitable by water, but does not yield any crystalline constituent (Zeidler, fVien, 
Akad, Ber, [2 Abtl^^], Ixxvi. 231). 

BTlFAXrTBllOBfi. On the occurrence of this kind of sugar in rye, see p. 1768. 

BZABOZTB. A mincr«al occurring, together with tridymite and pseudobrookite, 
in clefts and cavities of tho andesite of the Aranyor Jlcrg in Transylvania. Crystal 
triclinic, exhibiting the faces ; 2/^'^oo ; OP. Colour hair-brown to hyacinth-red. 
Analysis gave 62*36 per cent. oiO-, 44*70 Fo'O’*, and 3*12 CaO, with 0*4 loss on 
ignition, leading to the formula F(.r*Ca*Si®^0*®^= llFo‘Si®0*+ 2CaSiO* (A. Koch, 
Jahrh.f, Min. 1878, 662; Zcitschr. Kiv/H. iii. 307). 

BZMZXZTE. A reddish-white to rose-red mineral, occurring in stalactitic 
nodules in an abandoned mine at Felsobanya, and agreeing, according to the analyses 
of Schrauf (A.) and Dietrich (B.), with tho formula MnSO* + H*0 (0.) Sp. gr. = 3*16. 


SO* MnO 

(A.) 47*43 41*78 

(B.) 47*11 41*61 

(0.) 47*34 42*01 

(J. v. Schrockingop, Jahrb.f. Min. 1877, 729). 


IPO 

10*92 == 100*13 
11*19 = 99*91 

10*65 - 100 
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TACAKABACZir. A ciystullised bodj[ contained in the yellow resin of the 
Tacamahac or Balsam poplar. It is insoluble in other, aqueous alcohol, ammonia, 
and potash, slightly soluble in hot absolute alcohol, not altered by nitric acid, but 
dissolved with violet coloration by sulphuric acid (Batka, Arch, Phaam, [3], vi. 111). 

TACBTXiTTB. The following analyses of this mineral from the basalt of the 
Rossberg are given by T. Petersen {Jahrh, f. Min. 1873, 385). A. Fresh ; sp. gr. 
2*624. B. Decomposed. 



SiO* TiO* 

A1"0> 

Fo»0*,FcO 

MgO 

CaO 

Na*0 

K"0 

H-0 

A. 

66*42 0*31 

13*07 

3*66 

1*30 

1*19 

6-09 

7‘86 

0-73 

B. 

62*43 

1712 

1*82 

0*68 

0*30 

6*19 

7-95 

2-81 


TAGBTB8. The flowers of the common marigold ( Tat/efes patula), and other 
species of the same genus, contain a crystallisable sui^tance, quercotagetin, having 
the composition + 4H*0 (p. 1732). 

TA&C. Fseudomorphs of talc after poctoUte, occurring in the calcite-veins of 
the ‘Trapp’ of Bergen Hill, Hoboken, New Jersey, have^joen described and analysed 
by A. R. Leeds {Sill. Am. J. [3], vi. 23). 

SiO* A1»0» M«0 FeO MnO OiO 11*0 Sp. gr. 

60*54 1*06 26*46 0*70 0*55 1*19 9*52 = 100 021 „ 

60-67 0*98 26-67 *0 74 0 76 1*65 9 07 - 100-44 J 

TABBZBS. Ordinary tannin, or the tannin of nut-galls, C**H“0**, 
appears, from the experiments of H. ScbiiF, to be most probably a glucoside of digallic 
acid, C’*H'®0* (p. 646) ; see also Liebig's Anmhn, clxxv. 165. P. Freda {Gazz, chim, 
Hal. 1878, 9) has endeavoured to settle the question ns to whether this tannin is a 
glucoside, by means of fermentation experiments. For this purpose he used ; 1. A 
solution of commercial tannic acid mixed with a few drops of acetic acid; 2. A solu- 
tion neutralised with potiish, and then slightly acidulated with acetic acid ; 

3. Solutions prepared in like manner, and mixed with various quantities of glucose ; 

4. A solution of tannic aci«l which had been boiled for some time with sulphuric 

acid, then neutralised with marble, filtered, evaporated to dryness, and redissolved in 
water. These solutions were treated with fresh beer-yeast, and left to ferment under 
the usual conditions. In 1 and 2 no fermenbition took place ; in 3 and 4 brisk fer- 
mentation. Parallel experiments with amygdalin and salicin yielded the same result. 
From these results Freda infers that gallotannic acid is really a glucoside, and not 
merely a mixture of tannic acid and glucose, since such a mixture would have fer- 
mented in contact with the yeast as the added glucose did. Schiff 1878, 87) 

does not regard Freda’s experiments as conclusive, but nevorthele.ss adheres to his 
opinion that the unaltered tannin of nut-galls is a very easily decomposible glucoside 
of digallic acid. 

Artificial Formation (?) — When citric acid is gently heated with phosphorus oxy- 
chloride, a violent action takes place, and the residue left after the excess of the oxy- 
chloride has been partly distilled off, yields to ether a coloured flocculent substance, 
which, after repeated solution in water and precipitation with hydrochloric acid (the 
colouring matter going down with it), gives by analysis 63-6 per cent. C. and 2*9 H, 
[the formula requires 61*8 0. and 3-6 H], and after drying dissolves slowly 

and abundantly in water, yielding a solution which exhibits all the reactions of tannic 
acid, except that it acts less strongly on iodide of starch (SchifF, Liebig's Annalrn, 
clxxii. 359). • 

Estimaiion.^To estimate the amount of tannin in an^ given tanning material 
(galls, sumach, &c.), J. Lowenthal {Zcilschr, ayial. Chem. xvi. 33 ; Chem. Soc. J. xxxi. 
^5) first titrates a measured volume of the extract with permanganate solution, 
using indigo as an indicator, so as to ascertain its permanganate value ; then precipi- 
tates the tannin from another equal portion of the extract by means of a solution of 
gelatin saturated with common s>alt ; and titrates the filtrate in the same manner : 
the difference of the two titrations determines the quantity of tannin in the solution. 

On the estimation of Tannin in Tea by this method, see Estcuurt {Chem, JVsios, 
zxix. 109 ; Chem, 8oc, J. zxvii. 713). 
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On an older method proposed by Ldwenthal, see J. pr, Chem, Ixzxi. 150; Jahresb, 
/. Ckem. 1860, 680. Observations thereon, by J. M. Merrick [Amer, Chem. 1873, iii. 
324; iv. 16, 202: Jahresb.f. Chem. 1873, 971). 

Prud’homme (BuU. 8oc, Chim. [2], xxi. 169) estimates tannin by oxidation with 
blcachin^-powder, using aniline-groon us indicator. The bleaching liquid is finet 
standardised against the colouring matter, and afterwards against successive portions 
of a standard tannin solution, to which small quantities (say 10 c.c.) of the aniline 
colour have been added. On deducting the volume of chloride of lime corresponding 
with the known quantity of colouring ..matter, the remainder indicates the quantity of 
tannic acid present. Solutions of gallic and pyrogallic acids may be examined in a 
similar manner. To apply the method to the valuation of commercial tannins, a 
known weight of pure tannin is added to a known volume of methyl-green, and the 
solution made up to a certain volume ; the precipitated lake is filtered off; and the 
residuary colouring matter estimated by the chloride of lime solution. A similar 
treatment applied to the same weight of the commercial tannin will show the ratio of 
quality existing between the two tannins. 

E. Schmidt {Bull. 8oc. Chim. [2], xxi. 256) estimates tannin volumetrically by a 
modification of a method proposed by Pribram {ibid. vii. 496 ; Jahresb.f. Chem. 1866, 
821), which depends on the procipitation of the tannin by load acetate. 60 grams of 
neutral lead acetate are dissolved in 400 g. alcohol, and the solution is made up to a 
litre with distilled water. A second solution is prepared by dissolving 1 g. tannin in 
40 g. alcohol, and diluted with water to 100 c.c. ; 10 c.c. of the tannin solution is then 
mixed with 20 c.c. water ; the whole is heated to 60® ; and the^ lead-liquor is poured 
into the hot solution as long as a precipitate is formed, a solution of potassium iodide 
being used to indicate excess of load. To prepare the solution of the tanning material 
under examination, a weighed quantity of the coarsely pulverised bark is exhausted 
with water at 50°-60® ; the filtrate is evaporated to dryness ; the residual extract is 
dissolved in 40 g. alcohol of 92 per cent. ; and the solution is diluted with water to 
1,00 c.c. This treatment effects the separation of rcsirous and gummy constituents, 
the tannic acid then remaining contaminated only with soluble organic salts and 
extractive matters. As, however, some of these foreign matters are, under certain cir- 
cumstances, likewise precipitated by lead acetate, Schmidt endeavours to estimate 
them approximately by treating equal quantities of the impure tannin solution, and a 
solution of pure tannin containing a somewhat smaller amount of tannic acid, undcsr 
exactly similar conditions and in similar vessels, with animal charcoal, which absorbs 
part of the tannic acid, but not the foreign substances. Assuming, then, that equal 
quantities of tannic acid are absorbed in the two cases, the excess of lead acetato 
solution used to precipitate the impure tannin over that required for an equal quantity 
of the pure tannin solntion will give approximately the amount of the foreign con- 
stituents. 

Gerland {Zeitschr. anal. Chem. ii. 419) estimates tannin volumetrically by means 
of a solution of tartar-emetic containing 2*611 g. of the dried salt in a litre. This 
solution (1 c.c. of which corresponds to 0*006 g. tannic acid) produces in neutral or 
slightly acid solutions of tannic acid a precipitate of antimonious tannate, which 
quickly settles down on addition of sal-ammoniac. A slight modification of this 
method is proposed by Richards a. Palmer {Sill. Am. J. [3], xvi. 196, .S61), which 
consists in titrating the tannin solution containing at least O' 1-0*3 g. tannic acid, with 
solution of tartar-emetic containing 6*73 g. of the dried salt C^H^KSbO' in the litre, 
the end of the reaction being indicated by ammonium sulphide, after the tannate has 
been separated by addition of ammonium acetate. 

A. Gautier {Zeitschr. anal. Chem. xvii. 222) estimates tannic acid in wine by 
agitating 100-200 c.c. of the wine with 1-2 g. recently precipitated cupric carbonate, 
then adding an equal volume of alcohol, and leaving the mixture at rest for twelve to 
twenty hours. The tannic acid then separates in the form of an insoluble copper- 
compound, whilst the colouring matter of the wine {cenotannin) remains in solution, 
probably also in combination with copper. 

For the estimation of tannin in the must of the grape and in wme, Pavesi a. Rotondi 
{(razz. chim. ital. 1874, 192) adopt a modification of a method originally proposed by 
Fleck, which consists in precipitating the tannin with a solution of cupric acetato. A 
neutral solution of this salt, however, .also precipitates gallic acid, but an ammoniaciil 
solution of cupric acetate precipitates only the tannin, and has no action on any of 
the other constituents of the wine. The amount of tannin om be ascertained by 
estimating either the copper remaining in solution, or that contained in the precipitate. 
The process is simple and gives accurate results. 

Carpene {ihid. 1875, 120) separates the tannin from the other constituents of wine 
by means of an animoniacal solution of zinc acetate containing a large excess of 
ammonia, which forms with tannin a tannate of zinc quite insoluble in water, in 
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ammonia, and in an excess of the reagent itself, and no precipitate with alcohdl, malic 
acid, tartaric acid, potassium bitartrate, calcium tartrate, glycerol, gelatin, albumin, 
or the ferrous and ferric salts of organic acids. With gallic acid, succinic acid, glucose, 
and aluminium salts, it forms precipibites soluble in excess of the reagent and in 
ammonia. Lastly, it forms a violet precipitate with a solution of (snocyanin prepared 
according to Macagno’s method. This, however, does not interfere with its use in the 
method of analysis under consideration. 

On treating the wine with an excess of this reagent, a precipitate is formed con- 
sisting of zinc tannate mixed with a small (^uan,.ity of colouring matter. The wine is 
lieated nearly to boiling to agglomerate the floeculent precipitate, and the precipitate 
after cooling is washed on a filter with a small quantity of boiling water, which re- 
moves the adhering colouring matter. On dissolving the precipibite in dilute sulphuric 
acid, a solution is obtained containing all the tannin of the wine, and having a very 
faint red tin^ due to minute traces of mnocyanin, which compensate for the slight 
loss of tannin incurred in the manipulations. In this acid liquid the quantity of tannic 
acid is determined volumetrically witii a millinormal solution of potassium ponmin- 
ganato, each cubic centimeter of which is equivalent to 0 00760 gram of tannic acid. 
The examples given of the application of this method to several wines show that it is 
capable of giving very exact results. 

A method of estimating tannin by filtration through sHw, which absorbs the tannin . 
and allows the other soluble substances to pass through, was proposed by Hammer 
(J, pr. Chem. Ixxxi. log ; Jahresh. /. Chem. 1860, 679), and has more recently been 
adopted with some modifications by IVIuntz a. Rfimspacher {Dingl. pol. J. ccxiv. 74 ; 
Chem. Soc. J. xxvii. 1183). According to R. Procter, however (Chem. News^ xxxiii. 
245), this method cannot give exact results, inasmuch an a solution containing only 
1 per cent, tannin can pass through skin 2 or 3 mm. thick, and, moreover, skin in 
general is capable of fixing only a certain quantity of tannin. 

Hop-tannin. The tannin of hops is amorphous ; does not precipitate a solution 
of gelatin ; is slightly soluble in cold water, easily in hot water ; also in alcohol and 
ethyl acetate ; insoluble in ethyl oxide. It is easily alterable ; turns red, and gives 
off water at 100®, and then, like gallotannic acid, precipitates a solution of gelatin. 
Hop-tannin also resembles gallotannin in being converted, with elimination of water, 
into a phlobaphene having the composition when its aqueous solution is 

heated to 120® ; this phlobaphene exists also ready formed in hop-cones, and may 
easily be prepared therefrom (C. Etti, Dingl. pol. J. ccxxviii. 264; Chem. Soo. J. 
xxxiv. 797). 

Oak-tannins. The amount of tannin in oak-branches more than a year old 
remains nearly constant from March till the end of October ; the buds contain a much 
larger proportion than the branches. In the young shoots the amount of tannin in- 
creases considerably from July onwards, but decreases in winter, probably in consequence 
of internal respiration. The proportion of tannin in the leaves is very considerable, and 
appears to be determined by the individuality of the tree, leaves of different trees 
exhibiting considerable diversity in their proportion of tannin. ‘The tannin of the 
loaves is identical with that of the bark ; the leaves also contain ellagic acid. The 
composition of oaTc-bark tannin may be represented by tho formula ; that of 

oak-red by ; and the relations of the latter to ellagic acid and to gallotannic 

acid by tho equations C*‘H'®0"-i- 0^-C’‘lI*®0® (gallotannic acid); C‘W®0® + 0^- 
2H*0 + 0*^H®0* (ellagic acid) (J. Oscr, JVien. Akad. Ber. [2 Abth,], Ixxii. 166). 

Strawberry-tannin, or Fragarlanin. Tho root of the strawberry (Fragaria 
vesca) contains, according to Phipson, a tannic acid analogous to quinotannic acid, 
which he designates as Fragarianin. This tannin is resolved, by boiling with hydro- 
chloric acid, into sugar and a red amorphous body called Fragarin^ which is soluble in 
water, alcohol, and ether, and dissolves, with fine red colour, in potash-ley. Strong 
sulphuric acid dissolves fragarin ; nitric acid converts it into a yellow nitro-oompound 
different from picric acid ; with potassium chlorate and hydrochloric acid it yields a 
yellow chlorinated product. When heated, it yields a small quantity of catechol, .and 
when fused with potassium hydroxide, a small quantity of protocatochuic acid. Straw- 
berry-root also contains bodies resembling quinovin and quinovic acid, together with 
a small quantity of ordinary tannin. 

On DivUdivi Tannin, see Ellagitannic Acid (p. 731). 

On the presence of Tannin in various species of Willow, see Johanson (Arch. Pharm. 
[8], xiii. 103 ; Chem. Soc. J. xxxvi. 160). 

Bnlphotannlo Acid, C‘*H*®S*0** (vii. 1125). kcetvl^erivatives. — Pentacetgl- 
f(0.C*H*0)»(C'-‘H®0.0)*) 

sulphotannio acid, C®H^ J SO^OH )• 0®H®, is obtained by gradually adding 

(so* oj 



TANTALUM— TAB. 


1889 


sulphotannic acid to a mixture of equal volumes of glacial acetic acid and acetic 
anhydnde, in which it dissolves at ordinary temperatures. The solution is heated for 
about two hours in a retlux apparatus ; the excess of acid and anhydride distilled off ; 
the residue mixed with a largo quantity of ether ; and the crystalline precipitate is 
washed with cold and dissolved in boiling alcohol. On cooling, the pentacetyl colu- 
pound separates in small orange-coloured crystals insoluble in water, but soluble in 
caustic alkalis. 

When sulphotannic acid is added in like manner to pure acetic anhydride, a 
flocculo-crystalline precipitate is obtained, consisting of a tetracetyl-derivative^ probably 
(SO 0 \ 


C®HN (0.C=*H»0)=(C2H»0.0)* 
(O SO* 


C*H* (H. Schiff, Liebig* s Annakn, clxxviii. 171)* 


TAXrTA&VM. Atomic Weight 182, A nitride of tantalum, Ta*N*, is pro- 
duced by heating tantalic chloride, TaCP, in a current of ammonia-gas at a temperature 
a little above the subliming point of sal-ammoniac. It is an amorphous, ochre-yellow 
mass, which, when heated to whiteness in a stream of perfectly dry ammonia-gas, 
gives off nitrogen, and is converted into abWk amorphous mass of the mononitrido 
TaN. 

A carhonitride^ 10TaC,TaN, is obtained, like the carbonitrides of niobium 
(p, 1393), by heating tantalic oxide, Ta*0\ with sodium carbonate and charcoal at 
about the temperature of molting cast-iron. The product has a fine brass-yellow colour 
(A. Joly, Corned, rend. Ixxxii. 119»5). ^ 

Tantalates . — Tantalic acid forms with most bases four scries of salts analogous 
in composition to the niobatf d<'scribt!d by Joly (p. 1393), viz. : 

M0,Ta*05 2M0,Ta*0^ 3MO,Tan)» 4MO,TaW 

When tantalic acid is rlissolved in a hot toncentrated solution of ammonium fluoride, 
th(? salt TaOF*,3N]l.*F crystallises on cooling in regular octohedrons. The corre- 
sponding has not been obtained pure (Joly, Compt. rend. Ixxxi. 1266). 

A tantalate occurring, together with beryl, columbite, samarskitc, and garnet, in 
Yancey County, North Carolina, was found by C. Koenig {Jakrh. f. Min. 1876, 867) 
to contain : 

FeO MnO MgO 

76*60 14*07 0*50 7-70 « 98*87 

Kffinig refers it to the species tantalite, but Kenngott show's (ibid, 1877, 168) that its 
composition does not agree with the formulae of that species. 

TantalUe occurring in lumps of the size of peas, and of sp. gr. 7*3()5-7'401, in the 
decomposed granite of Cousa County, Alabama, has been analysed J. L. Smith (SUL 
Am, J, [2], XV. 203), with the following results : 

Ta’O* WO’ ZuO MnO FcO CiiO 

79*55 1*10 0*87 3*72 13*61 0*89 = 99*74 

Smith regards the locality above mentioned as the first at which tantalite has been 
found in North America, and agrees with Kenngott in doubting the correctness of 
Koenig’s view of the constitution of the mineral from North Carolina. 

TAAa According to Liobermann a. Burg (Ber. xi. 723), the vapour of lignite-fair, 
when passed through a red-hot tube filled with porous substances, is converted, witli 
copious evolution of gas (56-63 p, c.), into a mixture reseiiibliiig coal-tar, and, like 
the latter, containing about 4 per cent, benzene and toluene, together with 0*9 per 
cent, crude anthracene. The largest quantity of gas w’as produced with empty tulx)s ; 
the smallest with tubes filled with charcoal. When the oils thus obtained, or those 
produced from coal-tar itself, are passed through a red-hot tube, they experience a 
much smaller loss in weight, from 77-90 per cent, of the original quantity being 
recovered. Petroleum and vulcan oil similarly treated yield large quantities of gas 
and benzene, but no anthracene. 

Salzmann a. Wichclliaus (Ber. xi. 802) also find that when lignite-tar oil is dccom- 
poset) by red-hot charcoal, 4 per cent, of an oil is obtained, which boils at 120®, and 
yields nitrobenzene. The same chemists find that the formation of benzene from 
lignite-tar is alway.s attended with separation of carbon, and that abstraction of 
hydrogen, which may be effected by the admixture of oxygen with the oil-vapours as 
they pass over the rod-hot charcoal, does not produce any essential alteration in the 
result of this decomposition. 

Lotny (Bw. xi. 1210) finds 'that when the vapours of hydrocarbons of the fatty 
series— especially the residues of Biiku petroleum (b. p. 270®) are pissed several 
times through a roil- hot retort 7 feet long and 1 foot wido filled with charcoal, they 
yield a tar having a sp. gr. of 1*307. This tar yielded on distillation 2*3 per cent, 
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water, 4*6 benzene, 5*2 toluene and its homologues, together with 35*4 naphthalene 
and unaltered petroleum. Lastly, the residue boiling above 340° was found to contain 
- -together with potroleum—considerable quantities of phenanthrene and authracene. 
Still more complete is the decomposition when narrow tubes are employed. The dis- 
tillntioii-proijucts of natural asphalt and resinous sliales are also decomposed in a 
similar mariner under these conditions. Atterborg (Jier. xi. 1222), by subjecting pine- 
wood tar— the heavy tar-oil of Swedish wood-oil manufactories^to the action of red- 
hot coke in iron retorts, obtained, at commencing redness, the same products as those 
which are formed under these circumstances from lignite-tar and petroleum ; they 
contained 0*3 per cent, anthracene, together with benzene, toluene, and phenol. When 
the coke was heated to bright redness, the product contained relatively more benzene 
and naphthalene, but less phenol. 

TA3KTARXC ACID, The following process for the preparation of this 

acid is recommended by F. Dietrich (*7a//r«a5./. Chem. 1878, 1136). Tartar is subjected 
to the action of calcium carbonate in presence of water at a high temperature and 
under pressure, whereupon, as the carbonic acid cannot escape, the two salts act on 
one another so as to form potassium bicarbonate and calcium tartrate, which is de- 
composed in the usual way. The quantity of water is regulated so as to form a 
saturated solution of potassium bicarbonate. 

On the Optical Rotatory Power of Tartaric Acid and its Salts, see Light (pp. 1217- 
1219). 

Solubility . — According to llourgoin (Ann. Chim. Phys. [5], xiii. 400), 100 pts. by 
weight of alcohol and ether at 15^ dissolve the following quantities of tartaric acid : 

Ether Absolute alcohol ^ohol of 90^ 

0*400 25*604 41*135 

Distinction between Tartaric and Citric Acids . — These two acids may bo distin- 
guished by their reaction wit^h potassium dichromate, a cold saturated solution of this 
salt giving with tartaric acid a djirk brown colour, with evolution of carbon dioxide, 
whereas on citric acid it acts but slowly, producing only a light brown colour. If 
1 gram of powdered citric acid bo added to 10 c.c. of the cold-saturated dichromate 
solution, the orange colour of the liquid remains unchanged after tun minutes if no 
tartaric acid is present ; whereas 5 per cent, of that acid will produce a dark brown, 
and 1 per cent, a coffee-brown colour (Cailletet, Chem. Centr. 1879, 14). 

According to A. H. Allen {Zeitschr. anal. Chem. 1877, 251), tartaric and citric acid 
may bo separated in alcoholic solution by means of potassium acetate, also dissolved 
in alcohol, which throws down a precipitate of acid potassium tartrate. 

Estimation . — To determine the amount of tartaric acid in crude tartar and similar 
substances, A. Scheurex-Kestner (Compt. rend, Ixxxvi. 1024) dissolves the sample in 
hydrochloric acid, neutralises the filtrate with soda, and precipitates with calcium 
chloride. The washed precipitate is converted by ignition into carbonate, which is 
then titrated. 

See also Warington (Chem. Soc. J. xxviii. 959-981). 

On the Estimation of Tartaric Acid and its separation from Citric Add in Solutions, 
Fruit-Juices, and frtsoluble Substances, see Citric Acid (p. 508 of this volume). 

On the Conversion of Dextrotartaric Acid into Racemic and Inactive Tartar io or 
Mesotartaric Acid, see Jungfieisch (vii. 1147). 

Tartrates. Ferrous Tartrate, CWFeO®. — According to C. M6hu (N. Jahrb. 
Pharm. xl. 257), the directions usually given for the preparation of this salt do not 
give a pure product ; but a perfectly stable salt may bo obt^iinod by boiling together 
equal weights of tartaric acid, water, and iron wire for some time, and thoroughly 
washing the resulting sandy powder with boiling water. The salt thus obtained is a 
white micro-crystalline powder, nearly insoluble in water even when boiling and 
saturated with sal-ammoniac, or strongly acidulated with tartaric, citric, or acetic 
acid ; easily soluble in dilute mineral acids. The solutions are optically dextrogyrate. 

Amrnxmio- ferric Tartrate is obtained by dissolving the ferrous salt in ammonia, 
whereby a thickish green solution is formed, which absorbs oxygen, becoming con- 
tinually darker in colour anr! more viscid, but finally mobile and yellowish-red, and 
when exposecl in thin layers to the air, dries up to garnet-rod transparent laminae, easily 
soluble in water, insoluble in alcohol and ether. The salt when dried at 100° has the 
composition C"H»(NH0'*'(Fo*)»'(OTT)»O'* ; when dried over sulphuric 

acid it contains in addition 3JPO. Its solution does jiot exhibit any colour-reactions 
with potassium ferrocyaiiide or thiocyanate, till it has been mixed with a mineral acid 
(M6hu, loc. cU.) 

Telluric Tartrate, Te(C^H*0*)®,2C*lPO« See Tru^urium (p. 190 ). 
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Xaoemlo Aoia,C^H*0* According to Jungfleisch {Compt. rmd.\mY,%Ob), 
the racemic acid which is formed in the manufacture of tartaric acid, owes its origin, 
not to the grapes, but to the action of alumina, ferric oxide, and other sesquioxidos 
present in the liquors on the tartrates, these oxides, when not saturated with sulphiu^c 
or phosphoric acid, acting on the tartaric acid at the evaporating temperature of 
the liquors in such a manner as to convert it partly into racemic, partly into inactive 
tartaric acid. Direct experiment shows that tartaric acid, heat^ in closed vessels 
at 140^ with a small quantity of aluminium tartrate, yields a considerable quantity of 
inactive tartaric acid. 

The properties of the racemic acid which Strecker obtained (vi. 1079) by the action 
of hydrocyanic and hydrochloric acids on glyoxal have been compared by Fr. Oail 
{Bar, xi. 1644) with those of natural racemic acid. The crystals of the synthetically 
. prepared acid agrees with those of the natural acid in form, bnt do not effloresce 
und^ certain circumstances. The dehydrated synthetic acid melts at 198^ (the 
natural at 201°). On attempting to resolve the synthetical racemic acid, through the 
medium of its sodio-ammonium salt, into dextro- and laevo-tartaric acid, the solution 
at first deposited exclusively large monoclinic crystals, destitute of homihedral faces, 
and yielding an inactive solution ; and it was only from the mother-liquor of these 
that rhombic crystals of the two acids wore obtaincid, conhiining 4ll’‘0, and exhibiting 
hemihedral faces. Precisely the same phenomena were exhibited by ordinary racemic 
acid. 

TARnOXrzC AC1D,C>H<0» = C00H.CH01I.C00H. 9Hydroxymalonicacid. 
This acid is formed by treating dihydroxymalonic acid, with sodium-amal- 

gam ; also by the action of silver bromide on monobromomalonic acid, 
CO=H.CHBr.CO*II (Potrieff, Ber. xi. 414). Demolo [ibid. x. 1778) prepares it by 
gradually adding 20 g. dinitrotartaric acid, to 60 c.c. alcohol of sp. gr. 0'92r) in a 
porctdain basin heated over a water-batl.. When the evolution of gas ceases, the 
liquid is left to cool, and the crystals which separate ajo pressed between bibulous 
paper. They are then dissolved in ‘water ; the solution is evaporated to dryness ; 
and the residue is treated with ether to remove oxalic acid. The tartronic acid thus 
prepared melted at 150°-161°, whereas that which Glrimaux obtained {Ber. x. 903) by 
the action of baryta-water on dibromopyruvic acid is described by him as melting at 
145°-147°. 

TAUItZirS, SO’. Strecker, by the action of heat on ammoni um isothionate, 
obtained a body of this composition which he regarded as taurine (v. 699). This body 
has also been prepared and further examined by H. Seyberth {Ber. vii. 391). When 
ammonium isethionate, melting at 136° (Strecker gives 130° as the melting point), was 
heated for several days in an oil-bath at 210°-230°, it remained quite unaltered ; but 
on heating the mass to 230°-240° decomposition set in. The viscid syrup obtained 
after about eight hours’ heating was dissolved in water; the solution boiled with 
animal charcoal and evaporated ; the residue crystallised from alcohol ; and the nodules 
which separated were boiled with alcohol, in which they W(‘ro nearly insoluble, till 
they melted constantly at 190°-193°. The body thus obtained gave off ammonia 
when boiled with potash, dissolved very easily in water, appearing indeed to be 
hygroscopic, and had the composition of taurine. Since, however, taurine does not 
melt, even at 240°, and reacts differently with potash-ley,, the compound obtained as 
above must be regarded, not as identical with it, but as the true amide of isethionic 
acid. 

Taurine is but slowly attacked by potassium permanganate, its sulphur being only 
incompletely oxidised (Ouareschi, Ber. xi. 1383). 

Metallic DeriveUivee of Taurine. — J. Lang {BuU. Soc. Chim. [2], xxv. 180), by treat- 
ing solutions of tfiurine with the oxides or hydroxides of various metals, has obtained 
the following compounds : 

C’lDNSO’Ag, (0’H«NSO’)*Hg, (0’H«NSO*)’Cd, (C’H«NSO’)^Pb, 

2(C*H«NSO’)’Pb + Pb(OH)’, (C»H«NSO»)«Ca, CWNSO’Na 

A very stable mercury-compound, (C’H®NSO*)*Hg,HgO, is described by R. Engel 
[Bull. Soc. Chim. [2], xxiii. 632). 

IZetoyltaurlne, C»H®NSO’ = C'^H^(NH.CH’)SO»Il (E. Dittrich, J. pr. Ckem. 
[2], xviii. 692). This compound is formed by heating silver cblorethyl- sulphate (10 
pts.) with solution of methylamino (30 pta. saturated at 0°) or methylamine chlorethyl- 
sulphate (20 pts.) with methylamine solution (30 pts.) for five or six hours at 110°- 
120°, the latter process giving tRe best yield. In either case the liquid is boiled with 
caustic baryta till the odour of methylamine is no longer perceptible, then freed from 
baiyta, and evaporated to dryness ; and the residue is several times exhausted with 
alcohol, and repeatedly crystallised from water, 

6f2 



1892 


TAUROCARBAMIC AClB— TEA. 


Methyltauriiie, thus obtained, ciystalllses in long triclinic prisms having a vitreo^ 
lustre, melting at 241°-242®, nearly insoluble in alcohol and ether, easily soluble in 
water (7 '5 times more readily than taurine), the solution having an acid reaction. It 
also dissolves in strong acids and in alkalis, but without combining with them, and is 
separated from the alkaline solutions by alcohol. It is docomp^ed by melting 
al^lis with separation of methylamino, and converted by nitrous acid into isethionic 
acid. 

TAUltOCARBAMXC ACZB, or Utamdo-Uethumio acid, 
C1I-.NH.CO.NH* 

I (E. Salkowski, Bcr. vi. 744, 1191). This acid may be formed syn- 

CU'-'.SOSOH 

thetically by a process analogous to that by which Wislicenus obtained hydan- 
toic acid (p. 1044). The mixed aqueous solution of taurine and potassium cyanate 
in molecular proportions is evaporated to a syrup, whereby on cooling a solid crystal- 
line mass is obtained, consisting chiefly of potassium taurocarbamate, the aqueous 
solution of which, when shaken with absolute alcohol, becomes turbid and is converted 
in the course of a few minutes into a pulp of needle-shaped crystals. On mixing the 
aqueijus solution of this potassium milt with an equivalent quantity of sulphuric acid 
amt with alcohol, and leaving the alcoholic extract to evaporate, the free aciil crystal- 
lises out, and may be freed from adhering potassium sulphate and accidental traces of 
tjiiirine by recrystallis^tion from dilute alcohol. The yield is very nearly equal to the 
theoretical quantity. Taurocarbamic acid is also formed from taurine in the animal 
organism by addition of carbamic acid and elimination of water : 

C‘H’NSO» CO^NH* = + H*0. 

It passes out in the urine in the form of a salt, and may be obtained therefrom by 
exactly precipitating the liquid with basic lead acetate, filtering after twenty-four 
hours, removing the lead by liydrogeii sulphide and evaporating, these processes beipg 
repeated several times if necessary. The strongly concentrated liquid is then pre- 
cipitated with absolute alcohol, the precipitate dissolved in water, and decolorised with 
animal charcoal ; and the precipitation with alcohol is several times repeated. The 
crude sodium salt thus obtained is mixed with sulphuric acid and alcohol, and on 
leaving the liquid to evaporate, at a rather low temperature, free taurocarbamic 
acid is obtained in the form of a strongly acid syrup. It may be freed from excess 
of sulphuric acid by baryta, from hydrochloric acid by silver carbonate, and from 
excess of silver by hydrogen sulpliide, and separates gradually from the concen- 
trated filtrate in granular masses, which may be purified by pressure and recrystal- 
lisation* 

Taurocarbamic acid crystallises in shining, quadratic, anhydrous laminae, somewhat 
hygroscopic in moist air, easily soluble in water, sparingly in alcohol, insoluble in 
ether. The barium salt separates from hot alcohol in small, anhydrous, highly 
lustrous, rhombic, tabular crystals grouped in druses. The silver salt forms long 
radiating tufts of crystals. 

Taurocarbamic acid heated for several hours at 130^-140° with saturated baryta- 
water, is completely resolved into carbon dioxide, ammonia, and taurine, according to 
the equation : 

C>H«N»SO« + 13aH*02 = BaCO> + + C^H^NSO* 

t 

without separation of even a trace of sulphuric acid. 

TAVROCYAUCZNB, C^H^N^SO^, is formed by heating equivalent quantities of 
taurine and cyanamide with a quantity of water sufficient to dissolve them, for four or 
five hours at 110°- 11 2°, or by leaving the mixed solution to itself for some time, and 
separates in small white prisms molting at 224°-226°, easily soluble in water, in- 
soluble in alcohol and ether ; it dissolves in strong acids, but does not combine with 
them (E. Jlittrich, J.pr, Chem, [2], xviii. 63). 

Me t hy liaurocyamine, C^H“N*SO*= C*H®NSO* -h CN*II®, formed in lika man- 
ner from cyanamide and methyltauriue, crystallises in large prisms which have a 
vitreous lustre, give off their water at 110°, are insoluble in alcohol and ether, and 
only slightly soluble in cold water. It dissolves in strong acids, but does not form 
salts (Dittrich). 

TBA. The composition of several kinds of tea has been examined by R. Weyrich 
{Russ, Zeitschr. Vharm. 1873, 322 and 353) with tho^ following results. The cheaper 
sorts of yellow and green tea are richer in theiiio than the better sorts, but in black 
tea the contrary holds good. The differences in the total amount of ash, and in the 
portion soluble in water in the several kinds of tea are very small, and exhibit such 
iregularities that it is impossible to estimate the value of a tea by the amount of ash 
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contained in it. The same remark applies to the amount of potash. The proportion 
of phosphoric acid increases in general with the goodness of the tea, and may therefore 
be taken us a measure of its Talue. The estimations of the portion of tea which is 
soluble in water, and the determinations of nitrogen, showed great irregularities. 
Hence Weyrich considers, contrary to the view expressed by Zoller (vii. 1148), that th^ 
comparative value of unadulterated teas cannot bo determined by chemical analysis. 

Two samples of tea from Cachar: (1). from Theaviridis', (2), from a hybrid 
variety, have been analysed by Hodges {Chem. News, xxx. 114): 


100 pts. of each gave the following results ; 

(1). 

(3). 

Moisture 

. 16*06 

16*20 

Organic matters 

. 78*81 

78*98 

Mineral matters 

. 6-13 

4*82 

The ash of each respectively consisted of — 

Potash 

. 35*200 

37*010 

Soda 

. 4*328 

14*436 

Chlorine 

. 3-513 

2*620 

Sulphuric acid .... 

. 6*040 

6*322 

Phosphoric acid 

. 18*030 

9*180 

Iron oxide .... 

. 2*493 

2*463 

Manganous oxide 

. 1 024 g 

0*800 

Lime 

. 8*986 

5*533 

Magnesia 

. 4*390 

5*910 

Sand and silim .... 

. 0*600 

1*.3(K) 

Charcoal 

. 2*900 

1*830 

Carbonic acid . . . . 

. 13*690 

100000 

12*600 

100*003 


A. Winter Blyth (Chem, News, xxx. 212) found in genuine black tea from India: 


Extractive 
Soluble a.sh 
Insoluble ask . 
Tannin 

Total ammonia . 


33*900 per cent. 
2*863 
3*288 
11*600 
0*850 


In a sample of Chinese tea which contained no theine, II. Weippen {Arch. Phann. 
[3], v. 9) found ciniianiic acid, probably derived from storax, which iiad been added to 
the tea lor the sake of its odour. 

An elaborate examination of Chinese tea has been made by Kdor {Dingl, pol. J. 
ccxxxi. 445, 626 ; Chem. Soc. J. xxxvi. 851-856). 

Theine . — The quantity of this alkaloid in tea is determined by MarkownikofF 
{Ber. ix. 1312) as follows. 15 g. pulverised tea are drenched witli 500 c.c. water and 
boiled, with addition of 16 g. calcined magnesia to every 5 g. tea. 'Ihe precipitate is 
filtered off and w*ashed, the filtrate evaporated to dryness with addition of a small 
quantity of magnesia ; the theine extracted from the residue with benzene ; the solvent 
evaporated ; and the theine weigVied. 

The following quantities of theine have been found by Petri k *7.ccxviii. 

220) in various kinds of tea. 


Kaisow Congo 

»» i» • • 

>f j> • • 

Finest Gunpowder . 

„ Mayuno Gunpowder 
„ Souchong . 

Tesv-diist (10*8 per cent, ash) 


2*4 per cent, theine 
1-7 „ 

1-5 „ „ 

1'4 „ „ 

21 „ 

2*12 „ 

1-46 „ „ 


Tannin.- -According to J. T. Clark (Amer. Chem. vii. 44), the proportion of tannin 
in tea varies from 5 to 19 percent. 

Paraguay tea from Ilex paToguayensis is, according to Byasson (p. 1496), destitute 
of tannin ; according to Robins, on the contrary {Pharm. J. 'Prana. [3], viii. 1027), it 
contains, as an avcrjigo of seven samples, 10 to 16 per cent, of that substance. 

Mineral Cematiiuenta of Tea. — Q. Wiguer {Pharm. J. 'Prana. [3], iv. 909; vi. 261, 
281, 402 ; Ch&m. News, xxxii. 166, 189, 235) has determined in several sorts of tea 
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the total ammiiit of ash, the quantities soluble in water and in hydrochloric acid, and 
the amount of alkali reckoned as potash. The following are the results : 




Total 

ash 

Ash soluble 
in water 

Ash soluble 
in UCl 

SiUca 

Alkalis 
reckoned as 
potash 

Mean of 24 

sorts (*) . 

5*66 

3-01 

2-21 

0*44 

1*62 p. c. 

» 17 

.. (*)■ 

6-76 

307 

2-26 

0-43 

1-38 „ 

„ 18 

.. (•) • 

5*80 

3-44 

2*04 

0-32 

1-39 „ 

» 4 

.. (-)• 

6-67 

2-92 

2-10 

0-55 

1-59 „ 

„ 12 

.. (*)• 

6*77 

2-99 

2-22 

0-56 

1*67 ,. 

,, 9 

.. (•)• 

6-25 

3-07 

2*19 

0-99 

1-36 „ 


(') Taken from original chests. (*) Ordinary sorts from original chests. (*) Fino sorts from 
original chests. (‘) Especially fino sorts. (*) From retail dealers. (•) Gennino Capers. 


Similar determinations of the ash of ten sorts of tea have been made by A. L. 
Wilson {Chem. News, xxviii. 307) : 


• * 

Total 

Asli soluble 

Ash soluble 

SUlcatcs 

Ferric 


ash 

ill water 

in HCl 

oxide 

Moning . 

6-00 

3-15 

20? 

0-82 

005 

„ . . . 

5-82 

2*73 

2-52 

0-57 

0-07 

„ ... 

5-90 

2-76 

2-36 

0-78 

007 

f, ... 

6-55 

2-66 

2*21 

0*68 

0-09 

Kaisow . 

5-43 

3 33 ' 

1 88 

0*22 

006 ' 

Feechow Pekoe 

6-15 

320 

216 

0«79 

0-09 

Assam Souchong 

5-15 

290 

205 

0-20 

0-03 

Green Assam . 

5-32 

2*94 

2-11 

0-27 

008 

Fine green tea . 

714 

238 

3-19 

1*57 

0-12 

Mixed black tea 

5-68 

2*86 

2-33 

0*49 

004 


Six kinds of tea examined by Waiiklyn {Chem. News, xxviii. 186) gave, on the 
average, a quantity of ash equal to 5 U2 per cent, of tho dried tea, of which 3-55 pts. 
were soluble in water and 2-37 insoluble. As tea which has been exhausted with 
water contains a smaller proportion of soluble ash-cuiustituents than fresh tea, 
Wanklyn recommends the determination of the total ash and of the amount of soluble 
constituents as a means of judging of the value of the tea. 

The ash of black and of green tea was found by Wigner to contain : 


K"0 

Nn’O 


CO" 

SiO" 

. 30-92 

1-68 

4-88 

11-60 

1-70 

. 28-42 

2-08 

5-66 

6*43 

7*50 

Its soluble in 

water 

was in tho black 

tea, 57 00 per 


Black 

Green 


cent. ; in the green 52*85. 

On the Detection of Advlterations in Tea, see A, H. Allen {Chem, News, xxviii. 
210, 275, 303 ; xxix. 129, 140, 157, 189, 221 ; xxx. 2; Chem. Soc, J, xxvii. 191 ; 
xxviii. 786; Jahresb.f. Chem. 1873, 973 ; 1874, 1040). 

On the Agricultural Chemistry of the Indian Tea -plantations, see J. Campbell- 
Brown (Chem. Soc. J. [1875], xxviii. 1217-1228). 


T8AXp>WOODa A white deposit in the woo«l of this tree ( Tectonia grandis) 
has been analysed byG. Thoms (Landw. Versuchs.-St. xxii. 68, xxiii. 413), and found 
to consist of monocalcic orthophosphate, CallPO*. The formation of this deposit leads 
to the idea that the wood itself must contain a considerable quantity of phosphoric 
acid, and analysis shows that this is really the case, the composition of the ash of the 
wood being as follows : 


CaO MgO PeO K"0 Na*0 SiO* SO" P"0" CO" 01 

31-36 9*74 0-80 1-47 0-04 24-98 2-22 29*69 0*01 0-01 * 100*31 

The percentages of carbon and hydrogen are higher than in most woods, and this, 
together with the richness in calcium phosphate and silica, may perhaps account for 
the great hardness of the wood. 
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TSCBTOCBRYSnr. or Methyhchrysin, = C»*H»(CH*)0^ See Ohry- 

siN (p. 466). 

TBXi&VRZmB. Preparation. — 1. H. Schnitzlcr (IHngl. pol, J. cxi. 484 and 492), 
by treating 6 pounds of tollurium ore with dilute hydrochloric acid, repeatedly heating 
it with aqua regia, concentrating the solution, treating it while warm with ferrous 
sulphate to precipitate gold, pasring sulphur dioxide into it to throw down the tel- 
lurium, then extracting the silver chloride from the residues by aqueous ammonia, and 
rexlucing it with zinc, obtained 240 grams of tellurium, 10 telluriforous selenium, 
128 gold, and 30 silver. The black pulverulent tellurium, gently heated in a covered 
porcelain crucible, sublimed almost without loss to a shining regulus. 

2* Chemically pure tellurium may be prepared by reducing an alkaline solution of 
telluric acid (ammonium tellurate dissolv^ in caustic alkali or alkaline carbonate) 
with grape-sugar at the boiling heat. The compound thus reduced may bo aggregated 
into a compact mass by heating it in a glass flask with a little dry saltpetre (F. 
Stolba, JflArcsft./. Chem. 1873, 214). 

3. Crude tellurium may be purifled by heating it in a glass tube through which a 
stream of hydrogen is ^ssed. The greater part of the tellurium then sublimes in the 
free state, a small portion only being driven off’ as hydrogen telluride, and a' residue 
of metallic telluridos is left, from which the rest of the tellurium may be obtained as 
chloride by heating it in dry chlorine (F. Becker, Liebigs Annalen^ clxxx. 267). 

4. Another method of purification is founded on the fact that tellurium and 
potassium, when brought together in water, form soluble poAssiurn telluride, which 
in contact with oxygen is resolved into potassium hydroxide and metallic tellurium. 
The crude tellurium is melt'^d, and a platinum wire is thrust into it, after which it is 
left to cool, and bound tightly round with a piece of linen or calico so as to form a 
bag. An electrolytic cell is then formed with a platinum plate, the tellurium 
together with the bag, and a dilute solution of potash, and an electric current is passed 
ihrough it, tho tellurium forming the hydrogen pole. Violet-brown potassium tel- 
luride is thereby formed, and sinks through the bag into the alkaline liquid, in which 
it is decomposed by the oxygen liberated at tho other pole, the tollurium being sepa- 
rated in tho reguline state. 

Atomic Weight, — ^Berzelius, by oxidising tellurium with nitric acid, and weighing 
tho resulting dioxide, obtained the number Te= 127'065 ; von Hauer, by the analysis 
of tellurium-potassium bromide, 2KBr,TeBr\ obtained To =127*74. Dumas, from 
experiments not published in detail, dcducod the number To = 129 (see v. 71 ii). Tho 
values thus found do not agree with that which should be assigned to tellurium in 
Mondelejeff' s classification (vii. 462), ticcording to which the atomic weight of tellurium 
should bo between that of antimony 122, and that of iodino 126’63, tellurium thus 
taking its place in the same series as sulphur and selenium. To ascertain wdiether 
this is really tho case, a very careful repetition of the experiments of Berzelius and of 
V. Hauer has been made by W. L. Wills {Chem. Soc. J. xxxv. 704), tho result of 
which is to show that tho atomic weight of tellurium is greater than that of iodino, 
and therefore that in MeiidelojofF’s system, tellurium must be placed after iodino. 

The mean results of Will’s experiments are as follows : 

By oxidation of Tellurium with Nitric acid . Te = 127*80 

„ „ Aqua regia . . To = 127*907 

By analysis of Tellurium-potassium bromide . . Te = 126*83 

Estimation, — L. Eastner {ZoUschr, ami, Chem, 1876, 142) estimates tellurium by 
Stolba’s method of reduction with grape- or invert-sugar. Th6 tellurium is dissolved 
in the smallest possible quantity of aqua regia ; tho solution supersaturated with 
sodium carbonate and heated to boiling; the sugar-solution added ; and tho frothing 
liquid boiled for five or ten minutes, whereby tho whole of the tollurium is thrown 
down. It is best to filter the solution while hot immediately after reduction, and 
add a little more sugar, which prevents the re-oxidation of the tellurium. The tel- 
lurium may then be weighed in tho free state on a tared filter, or better in the form of 
tollurous oxide, by dissolving it in a mixture of nitric and sulphuric acids, and 
evaporating the solution in a porcelain crucible. 

TdluriuTnrpotassium Bromide^ TeBr\2KBr. — To prepare this salt, equivalent 
quantities of potassium bromide and tellurium are placed in a flask, and water is added 
till the potassium bromide dissolves ; bromine is then run in, and the flask shaken 
till the tellurium disappears ; and the resulting orange-yellow liquid, filtered from a 
small yellow deposit^ is evaporated over the water-bath, the double salt then separating 
in crystals which may be purifled by recrystallisation (Wills, he, cit,) These crystals, 
according to H. Baker, are orthorhombic. a \ h \ c = 1*0000 ; 1*4901 : 1*3668. 
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„ P P 

Observed forms, P, OP, ooPoo. Type pyramidal, or + Faces P perfectly 

2 2 

smooth, and with a brilliant lustre ; those of OP and oof^oo are uneven. At 120° 
the salt loses water and becomes orange-coloured, but remains quite constant in 
weight between 120"’ and 160°. 

Oxides and Acids. The specific gravities of the following compounds have been 
determined by F. W. Clark (Si//. Am, J. [3], xiv. 281 ; xvi. 401): 

Telluroiis oxide, TeO* . . . 5‘7559 at 12’t5® and 57841 at 14° 


Telluric oxide, TeO* 

5*0704 „ 

14*6° „ 

50794 

10-6° 

„ „ another specimen . 

5*1118 „ 

11° 



Telluric acid, lOTeO^ . 

3*425 

18*8° 

3*458 

„ 19*3° 




3*410 

„ 19*2° 

M (cryst.) lPTe0^2H'‘0 

2*999 „ 

25*5° „ 

2*9649 

„ 26*5° 

Ammonium tellurate, (NH^)2TeO^. 

3*024 ., 

24*5° „ 

3*012 

25° 


Barium Tvllnraie slightly heated gave 4*5486 at 10*5°, and 4*5305 at 10° ; an- 
other specimen gave 4*4811 at 16°. The sp. gr. of the salt merely dried at 
200° was nearly 4*2. 

Thallium Telluraie^ precipitated by mixing the solutions of ammonium tellurato 
and thallium nitrate, and dried at 100°, had a sp. gr. of 5*687 at 22°, and 
5*712 at 20°; •after heating to about 180°, with loss of 1*46 per cent, water, 
its sp. gr. was 6 742 at 16'’, and 6*760 at 17*6°. 

7'ellurous Oxide in formed, with evolution of sulpljurous oxide, when tellurium 
is heated in sulphuric acid, and if considerable quantities are operated on, separates 
on cooling in the crystalline fonn (A. Ililger, Liebig's Annalen, clxxi. 211). 

Telluroits Add, like solcnious acid, is completely precipitated by a magnesium salt 
and ammonia, but t he prccipitiite is amorphous, w4iereas that obtained with seleniou^ 
acid is crystalline (Ililger a. von Oerichten, Zcitsvhr, anal, Chem. 1874, 132). 

Telluric Acid, lPTcO\ is best prepared by boiling a solution of tellurous acid 
in nitric acid with lead dioxide, precipitating the lead from the filtrate by sulphuric 
acid, evaporating on the w’ater-bath, digesting the residue with alcohol and ether to 
remove excess of sulphuric acid, dissolving the residue then left in a small quantity 
of hot water, and recrystallising it in a vacuum (F. Becker, Liebig s Annalen, 
clxxx. 257). 

On the reduction of Telluric Acid by Gra'pe-svgar, see p. 1805. 

A mercurous tellurn to, Hg^feO^, called Magnolite, and a ferrous tellurato, FoToO*, 
called Ferrotellxrate, are described by F. A. Genth {Zeiisc.hr, Krgsl. ii. 7). Both 
occur in the upper veins of the Keystone Mine, Magnolia District, Colorado, the 
former in microiTystalline groups sometimes enclosing quicksilver, associated with 
brown haematite, psilomelane, and quartz as a product of decomposition of colo- 
radoite ; the latter containing a small quantity of nickel, and ocourring as a crystal- 
line coating on quartz. 

Sulphides. The statement of Berzelius that hydrogen sulphide throws down 
TeS" from a Sfdution of tellurous acid, and TeS* from telluric acid, requires, according 
to Becker (Liebigs Annalefi, clxxx. 257), a certain amount of correction, his observa- 
tions showing tliat the precipitates thus obtained give up nearly all their sulphur 
when treated witli carbon sulphide, and consequently are not definite chemical com- 
pounds, but merely mixtures of tellurium and sulphur in approximately constant pro- 
portions. He, however, thinks it probable that sulphides of tellurium are formed in 
the first in.st'inco, since, on closely observing the change which takes place when 
hydrogen sulphide is passed into tellurous acid, each bubble of the gas is seen to pro- 
duce a r(‘d precipitate which turns black only when it reaches the surface of the 
liquid. 

Tellurium Mlnerale. 1. Native Tellurium , — Four varieties of native 
tellurium from Colorado have been analysed by F. A. Genth : 

1. In crystals often enclosing quartz, or in plates between masses of ore consisting 
of calaverite, coloradoite, iron pyrites, and a mineral perhaps allied to roscoolite ; 
sp. gr. = 6*275 ; from the Keystone Mountain, Lion, and Dunravon Mines, Magnolia 
District, Boulder County. 2. Tumefied mass looking as if it had been fusc^d, ;ind 
evidently consisting — in spite of apparent homogeneity— of a very intimate mixture 
of tellurium with quartz and silicates. ,Sp. gr. » 4'&05; from the Mountain and 
Lion Mines ; called by the finder Lionite, 3. Very small, shining, much distorteil 
crystals in cavities of quartz*: from Smuggler’s Mine, Ballarat District, Boulder County. 
4 . Sample of tellurium occurring in very large masses (up to 12 kilo, in weight : 
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granular to cauliform) in cavities, and oxidised on the surface to tellu'rous oxide : in 
the John-Jay Mine, Central District, Houlder County, at a depth of 9-10 meters. 



Te 

Au 

Ag 

Hg 

Cu 

Pb 

Fo 

V®0® 

xo 

1. 

96*91 

0*60 

0*07 

trace 

— 

— 

0*78 (0 

0*49 

115(*) = 100 (*) 

2a. 

55*86 

1*38 

0*26 

— 

— 

— 



— 

41-62 (‘) = 99-01 

6. 

55*54 

1*63 

0*25 

— 

— 

— 

— 

— 

42-60 (•) -= 99-82 

3a. 

92*29 

3*40 

1*69 

1*07 

0*51 

0*74 

0*12 

— 

0-12(’)= 99-94 (•) 

6. 

93*64 (•) 2*18 

1*15 

1*34 

0*43 

1*02 

0*18 

— 

0-06 = 100 (“) 

4. 

97*94 

1*04 

0*20 

■— 

— 

— 

0*80 

— 

— = 100-07 ('■) 


(*) Various. (*) PeO. (•) A1*0 *,Mk 0,K*0. (*) After deduction of 8*90 per cent, quartz. 

(“) Consisting of 34*72 per cent. SiO®, 6*16 A1“0* and Pe*C®, 0*17 MgO, 0*48 CaO. (•) Consisting of 
36*!H per cent. SiO®, 6*14'^\.1®0® and Fe®0®, 0*19 MgO, 0*26 CaO. (’) MgO. (•) After deduction of 
28*04 per cent, quartz. (") Eatiuiated by difleronce. (*®) After deduction of 6fi*24 per cent, quartz. 
(") After deduction of 14*08 per cent, quartz, including, however, 0*32 per cent. zinc. 

2. Metallic Tellurides. — The following tellurides from California are described 
by H. J. Burkart {Jahrh,f. Min. 1873, 476) and by F. A. Genth {J.pr, Ck&tn. 1874, 
[2], X. 356). 

Bismuth Tellurides or TetradymitCs Bi®Te®. — ^The variety of this mineral which 
contains sulphur (v. 707) has been found in small quantities in some new localities, 
the most interesting of which is Uncle Sam’s Mine, Highland District, Montana, 
where it is accompanied by gold and quartz ; it is also found in dolomite. It is partly 
converted by oxidation into montanite (bismuth tellurato), a«d consequently evolves 
chlorine when heated with hydrochloric acid, the telluric acid contiiinod in it being at 
the same time reduced to tellurous acid. Totradymite occurs both in laminaj, up to 
I inch broad, and in scales. Colour blue-grey and iron-black, frequently variegated. 
Analyses : (1). Broad laminae. (2). Small scales from the dolomite : 

Te Bi All Cu Fe * So S Quartz Sp. gr. 

34*90 60*49 0*21 trace 0*09 trace 4*2e 005 = lOOOO 7*332 

34*41 69*24 — 047 — 0*14 5*16 OoS = 10000 7*542 

It is remarkable that the totradymite from Uncle Sam’s Mine contains sulphur, 
while that from the gold-washings of Highland does not. 

Montanite or Bismuth TelluratCs Bi*0*,ToO* + H®0 (or 2H-0). — This mineral, 
formed by oxidation of tetradymito, was first observed by Genth during the examina- 
tion of the totradymite of Highland in Montana ; subsequently the so-called tetradymite 
from Davidson Co., North Carolina, which was in great part oxidised, and gave off 
chlorine when treated with hydrochloric acid, was found to be identical with it. The 
‘yellow bismuth oxitle’ from Whitehall in Virginia, analysed by Jackson {Am. J. of 
Sci. [2], X. 78), is alsf> regarded by Gentli as probably the same mineral. 

Montinite is not crystallised, but exhibits here and there the scaly structure of 
the original tetnidymito, and is in reality a pseudomorpli after the latter, on which it 
forms a coating. ,lt is earthy, soft, dull to waxy in lustre, yellowish to white, and 
opaque. Before the blowpipe it exhibits the reactions of bismuth and of tellurium, 
and gives off water when heated in a tube. 

Genth’s analyses lend to the following results : 



I 

Oxygen 

11 

Oxygen 

Ill 

Oxygen 

h'orric oxide 

. 0*56 

— 

1*26 

— 

0*32 

— 

[jead oxide 

. 0-'39 

— 

— 

— 


— 

(hipric oxide 

— 

— 

1*04 

— 

1 08 

— 

Bismuth oxide . 

. 66*78 

6*85 

68*78 

6*29 

71-90 

7*37 

Tellurous oxide . 

. 26*83 

7*30 

25*45 

7*05 

23-90 

6*51 

Water 

. 6*74 

— 

3*47 

— 

2*86 

— 


100*30 


100*00 


100*06 



The oxygen ratio between the bismuth oxide and the tellurous oxide is nearly 
1 : 1, but it is as yet uncertain whether the composition of the mineral is 
Bi*0»,Te0^H''0 or Bi‘“0»,Te0»,2H=0. 

Lead Tellur ide or A PbTo, occurs at Rod Cloud Mine, and at King’s 
Mountain, Gaston Co. N.C. : at the latter locality in fine-grained quartz, accompanied 
by gold, galena, copper pyrites, fahl-ore, iron pyrites, and a greenish micaceous mineral 
resembling iuchsito, and rarely W’ith nagyagito. One very small cubical piece was 
obtained wliioh consisted partly of galena and partly of altaite, as was evident by the 
colours of the t wo, though there was no break in the surface of the specimen. At 
Red Cloud the altaite is found in larger quantities, together with native tellurium, 
sylvanito, pyrites, sidi-rito, and quartz. It is sometimes found in small imperfect 
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cubes, usually coated with galena; more rarely in largo cloavable masses: most 
frequently in coarse grains, which sometimes show an imperfect cubical cleavage, and 
a fracture inclining to eonchoidal. It is distinguished from other tellurium ores by 
its tin-white colour, inclining to greenish-yellow. It contains : 


SiO* 

An 

Ag 

Cu 

Pb 

Zn 

Fo 

To 

0*19 

0*19 

0*62 

0*06 

60*22 

0*16 

0*48 

37*99 - 99*90 

0*32 

0*16 

0*79 

0*06 

60*63 

0*04 

0*33 

37*61 - 99*74 


Altaite occurs also, mixed with hessite and petzite, in the Stanislaus and Golden 
Buie Minos, California. Two specimens gave : (1) after deduction of 1*03 per cent. ; 
(2) after d^uctiun of 1‘96 per cent, quartz : 

rb Ag Au To 

(1) . 60*71 1*17 0*26 37*31 = 99*46 

(2) . 47*84 11*30 3*86 37*00 = 100 

These numbers show that (1) consisted of 99 26 per cent, altaite and 2*20 hessite; 
(2) of 77*42 altaite and 23*11 hessite. 

Tellurides of Silver and Gold . — Hessite and Petzite. Auriferous silver 
tellurite or petzite is the most abundant of all the Californian tellurium ores. The 
specimens from the Stanislaus and Golden Buie mines are destitute of crystcUliue 
structure, exhibit a distinctly conchoidal fracture, metallic lustre, steel-grt'y to iron- 
black colour, and iron-l^lack streak; hardness = 2*61, sp. gr. 9-9*4. Analyses gave 
24*80-26*70 per cent, gold, 40*60-42*36 silver, and 31*64-34*16 tellurium, agreeing 
with the formula Au-TcjSAg-Te. They contain, therefore, more gold than the petzite 
or sylvanite of Nagyag, but need not on that account be pjgarded as a distinct species, 
inasmuch as gold can replace silver in various proportions. Petzite is also found 
abundantly in the Bed Cloud Mine at Gold I]ill, J^uldcr Co., Colorado. 

Hessite, Ag^Te, containing little or no gold, is found in the IStanislaus Mine, but 
always mixed with other mfnerals, viz., native gold, altaite, and quartz. It it; 
altogether a rare mineral. Gonth obtained one specimen of a dark iron-grey colour 
inclining to black. It was granular, with uneven cleavage, and gave a dark lead-grey 
powder ; soft; sp. gr. 8*178. It contained cavities lined with small crystals of heavy 
spar and pyrites. The differences in external characters between the other varieties 
of hessite are very small ; those rich in gold are brighter and more brittle. 

Amlysee : 1 and 2. The pure hessUe just described ; 3, 4, and 6. Aurifermis 
hmite containing from 3*3-13 per cent, gold ; 6 and 7* Petzite containing more than 
24 per cent, gold : 


To 

Au 

Ag 

Cu 

Pb 

Fc 

Zn 

Bi 

Quartz 


Sp. gr. 

(1). 37*86 

0*22 

69*91 

0*17 

C*45 

1*36 

trace 

— 

-B 

99*96 

Q*1742 

( 2 ). 38*07 

0*20 

60*19 

0*16 

0*18 

1*20 

trace 


— 

100 

o l/o 

(3). 37*60 

3*31 

59*68 

0*05 

— 

0*15 

— 

— 

01 8 --= 

100*97 

Q. 70 Q 

(4). 36*74 

3*34 

59*83 

0 06 

— 

0*21 

— 

— 

0*13 

100*31 

0 /cu# 

1 

( 6 ). 34*91 

13*09 

60*58 

0*07 

0*17 

0*36 

0*15 

— 

0*70 - 

100*01 

8*897 

( 6 ). 33*49 

24*10 

40*73 

trace 

0*26 

0*78 

0*05 

0*41 

0*62 - 

100*44 

9*010 

(7). 32*97 

24*69 

40*80 

trace 

— 

1*28 

0*21 

— 

0*05 - 

100 

9*020 


For auriferous hessite and petzite the atomic relations are as follows : 



Au 

Ag 

Te 

Auriferous hessite 3 and 4 . 

. 1 

32*7 

34*3 

„ 6 . . 

. 1 

7 

8*2 

Petxite 6 and 7 . . . . 

. 1 

3*1 

4*2 


Sylvanite or Graphic Tellurium. For this mineral the Bed Cloud Mine 
is the first authenticated locality in the United States. It occurs sometimes massive, 
with very distinct cleavage, sometimes in the well-known graphic forms (v. 647), and 
^ways very intimately mixed with iron pyrites. 

Anedyeia : 1-3 by Genth {J. pr. Chem. [2], x. 366) ; 4. Sylvanite from Grand 
View Mine, Colorado, where it occurs imbedded in quartz, and intimately mixed with 
pyrites ; a. Direct result of analysis, the sulphur, however, being calculated from the 
amount of iron as FeS^ ; 6. After deduction of FeS^ : 

Te Be S Au Aff Cu Fb Fe Zn Quartz Bp. gr. 

1. 66*31 trace 1*82 24*83 13*06 0*23 — 3*28 0*46 0*32» 100*20) 

2. 64*60 trace 4*44 23*06 11*62 0*67 — 4*il4 0*11 0*86-100 l7*943 

8. 68*87 trace 1*06 26*67 11*92 0*21 0*46 1*17 0*06 0*69-100 j 

4a. 62*96 — 6*62 26*89 10*36 — — 4*46 — — - 99*77 

46. 68*91 — — 29*36 11*74 — — — - — -100 
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Gl«nth*a analyses lead to the following atomic proportions : 



Au 

Ag 

Te 

(Au,Ag) : 

Te 

1. 

1 

0*96 

6*98 

1 1 

3*6 

2. 

1 

0*91 

7*29 

1 : 

3*8 

3. 

1 

0*84 

6*46 

1 : 

3*5 


Oalarerite. This mineral, from the Keystone and Bed Cloud Sfines, has again 
been analysed by Qenth {Zeitachr.f, Kryst. ii. 6), with results agreeing nearly with 
those of his former determinations (p.. 371), and leading to the formula (AuJAg4)Te*. 
The material obtained from the Keystone and Mount Lion Mines formed indistinct 
and unmeasurable crystals belonging either to the rhombic or to the monoclinic 
system, indistinctly cleavable, and having, after deduction of quartz, with which it 
was interpenetrate^, a density of 9*043. Composition ; 


1 (found). 

Au 

38*76 

Ag 

3*03 

Te 

67*32 

V*0* PeO 

0*05 0*30 

xo 

0*65 » 100 

2 (found). 

3 (calc.) 

38*91 

39*01 

3*08 

3*06 

67*93 

not determined 

» 100 


• A1*0*, MgO, &c. 


Kreunerite. A tellurium mineral from Nagyag in Transylvania, described by 
J. A. Krenner (Ann. Vhys. Chem. [2J, i. 630), who regards it as chemically and crys- 
tallographically distinct from sylvanite. It has not been analysed quantitatively; 
qualitative analysis detected nothing but tellurium and golA It occurs implanted 
on quartz in small light steel-grey ciystals, generally much weathered. The crystals 
are rhombic, and cleave parallel ^ the basal face. Observed faces, ooP», oof oo, 
OP, 00 P, «>^3, oox"J, 00 P2, foo, f2. Fundamental angles, ooP: ooP=: 

86° 20' : 00 P : P 00 = 71° 53'. From sylvanite, which Krenner also regards as rhombic, 
it differs by values amounting to 1° i.i the inclination of the corresponding faces. 
(I. vom Rath {Berl. Acad. Ber. 1877, 292) observed the faces P, f 2, p «>, f oo, 

oo. 00 P, 00 f 2, 00 00 f 00 , 00 P oo, OP. He also found the angle oo P ; oo P to 

have the value 86° 3(r, nearly the same as that found by Krenner, whence he cal- 
culates the axial ratio a : 5 : c = 0*940706 : 1 ; 0*604455. According to Schranf 
{Zeitschf. Kryst. ii. 209), this ratio is 0*93961 : 1 : 0*60733. 

Coloradoite or Mercuric Telluride, HgTo (Genth, /, Min. 1877, 
949 ; Zeitschr. /. Kryat. ii. 4). This mineral is found, together with tellurium and 
qnartz, in the Keystone and Mount Lion Mines, and together with tellurium and gold 
in the Smuggler Mine, Colorado. It is massive, somewhat granular, sometimes 
(especially if mixed with sylvanite) indistinctly cauliform ; does not exhibit either 
crystalline form or cleavability. It is always intimately mixed with tellurium, tellurite, 
gold, sylvanite, quartz, and oxidation-products ; the purest specimens that could bo 
obtained had a density of 8*627. 

Analyses.- -\~b. From the Keystone Mine. 6 and 7. From the Smuggler Mine, 
Ballarat District, ^t a depth of 2*5-3 meters. In these last two analyses, the gold 
and silver have not been deducted, since Genth regards them as essential : 



1 

2 

3 

4 

S 

6 

7 

Quartz ) 

Gold \ 

. 28*50 (•) 46*83 (») 25*18 («' 

8*46 (' 

) 20*72 (>) 

2*90 ( 
3*46 

) 3 05 (•) 
7*67 

Silver . 

. — 

— 

— 

— 

— 

2*42 

7-18 

Copper . 

. 

— 

— 

— 

— 

trace 

0*16 

Zinc . . 

. — 

— 

— 

— 

— 

1, 

0*60 

Iron 

, — 

— 

— 

— 

— 

1*35 

0*92 

Mercury 

. 56*33 

62*28 

61*48 

49*80 

45*63 

55*80 

48*74 

Tellurium 

. 43*81 

42*06 

44*25 

46*74 

50*05 

36*24 

34*49 

Ar^0»Fe*0* . 

. trace 

2*44 

not 

determined 

— 

— 

V*0» . 

• If 

0*70 


»» 


— 

— 

MgO . . 

• II 

0*11 


,, 


— 

— 

CkO . 

• fl 

0*84 


>, 


— 

— 

K’O . 

. 

trace 




— 

— 

Totals . 

. 100*14 

99*32 

— 

— 

- 

99*27 

99*66 


(■) Deducted from the total. 


According to these results, the samples consist of : 

1 2 3 4 6 6 7 

UgTe . . . 92*38 86*74 84*43 81*67 74*83 91*61 79*93 

Te . . . 7*76 9*49 11*30 14*87 20*86 — — 
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Material from still greater depths in the Smuggler Mine was found to consist 
merely of native tellurium, mixed with r7r)-2*20 per cent, coloradoito. 

The following crystallographic determinations of native tellurides from Transylvania 
have been made by A. Schrauf {Zdtschr.f. Kryst. ii. 209 ; Jahrh.f, Min, 1878, 862) : 

Sylvanite: Monoclinic; a:h\c = 1*63394 : 1 ; 1 -12663; jS = 90® 26'. Three 
types are distinguished according as the crystals cross one another at angles of 69® 44', 
66® 8', or 90®. 

Krennente (White Tellurium, Mullerin, Yellow ore): rliorabic; a : 6 : c a 
0*9361 : 1 : 0*60733. « 

Nagyagite (telluiido of lead and gold, iv. 1) : rhombic, or monoclinic, with an axial 
angle 90® ± 1®, but not quadratic ) a: b : c = 0*2807 : 1 : 0*2761. 

Telluric Silver-glance (Hessito, Petzite), Ag-Tc. Monometric. 

Telluric SUver-hlende (Stutzite): a new species, probably Ag^Te. Monoclinic; 
alb: c = 1*73206 : 1 : 1*26829 ; i8 = 89® 33'. 

Tellurium Ochre. — This mineral, hitherto found only in Transylvania (v. 713), 
occurs also in the Keystone, Smuggler, and John-Jay Mines, Boulder County, Colorado, 
in cavities or clefts of native tellurium, sometimes in single crystals, sometimes in 
tufted groups of crystals (probably rhombic), m»)stly of prismatic habit, sometimes 
acutely pyramidal and cleavable in one direction (Geiith, Jahrh.f. Min. 1878, 74). 

Tellaiiam-compoundfl, Organic (F. Becker, Liebig's Annalen^ clxxx. 262). 
Tellurium Tartrat^ (CGi^O®)‘-To,2CGI“0®, is formed on dissolving tellurous oxide 
in tartaric acid, and separates on leaving the filtered solution to evaporate, in long 
pointed transparent crystiils, which effloresce on exposure to the air, becoming white 
and opaque. When dried at 100® they have the coraposkion above given. 

Triethyl-tellurium Iodide or lodotriethyl-tellurin.if^R^YlQl. is pre- 
pared by heating ethyl telluride, (C-ll*)-Te.(ii. 660), with a slight excess of ethyl 
iodide in a reflux apparatus at 60®. It dissolves easily in cold water, and crystallises 
therefrom by evaporation in a vacuum in light yellow monoclinic plates and prismi?, 
easily soluble in alcohol, insoluble in ether. It melts at 9()®-92®, and resolidifies at 
86®. Its aqueous solution, digested with recently precipitated silver oxide, yields an 
alkaline liquid, from which a platinum salt may be prepared, having the composition 
[Te(C*H*)*Cl]'‘‘PtCB, whence it follow-s that the alkaline liquid contains triethyl- 
tellurium hydroxide, Te(C*'*lI‘‘)®()ll ; this compound, however, like its analogues, 
decomposes on evaporation at the temperature of the water-bath. The platinochloridc 
may bo prepared by mixing crude tricthyltellurium chloride in aqueous solution with 
platinic chloride, and separates as an orange-coloured precipitate, insoluble in alcohol 
and ether, slightly soluble in water. 

TSFBROITE. Manganous Silicate, Mn^SiO* (v. 254). — This mineral, originally 
obtained from Sparta, New Jersey, has since been found : (1). In the Mine Hill Miiu*, 
Sussex, New Jersey, interpenetrated by red zinc-ore and pale gr(*en willemito. Hard- 
ness 6*5. Sp. gr. 400 (Mixter, Am.J.\2\,is\\\. 230). (2). At Laangban in 
Sweden, together with Jacobsite (Pisani, Comjjt. rend. Ixxxiv. 1611). (3). At the 

same locality ; light red ,* containing a considerable quantity of magnesia : 


SiO» 

MiiO 

ZnO 

FcO 

MgO 

CnO 

Loss by 
ignition 

29*44 

57*31 

7*36 

0*87 

2*60 

2*61 

0*27 = 100*26 

31*70 

47*70 

— 

0*8() 

9*48 

• 9*80 

— = 99*48 

33*70 

61*19 

— 

— 

12*17 

0*95 

0*44 = 98*46 


TBBACRTXiZC ACZB, (0. Kraflft,, Tier. x. 621, 1659, 1740). This 

acid, homologous with pyroterebic acid, is profluced by the action of heat on terpenylic 
acid, C®H'*0^ = C0* + C'H'-‘0* (p. 1907). On neutralising the distillate with an 
alkali, removing the undissolved portion, acidulating the clear solution with sulphuric 
acid, and distilling, the teracrylic acid passes over with the steam in the form of oily 
drops. It is a colourless liquid, boiling at 216°-218®. The calcium salt, 
(C’H“0®)*Ca + 6H*0, is easily soluble, and crystallises in long transparent neetlles 
which effloresce on exposure to the air. The silver salt, C'H"0®Ag, is obtained by 
recrystallisation from hot water in small colourless noodles. 

When potassium teracrylate is heated for some time on the water-bath with 
strong potash-ley, the teracrylic acid is converted into an isomeric acid which smells 
faintly of cymene, and forms a cslcium salt which crystallises in needles an inch long, 
and is less soluble in hot than in cold water. The corresponding silver salt has not 
been obtained in the crystalline state. The acid of those salts fused with potash 
yields two acids, one of which is formic acid. 

TSRBZVM. See Yttkium-mbtals. 
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TBR 1 I 81 SNB. See Tkupenes. 

TBRBBZC RCID. See Teupenes. 

TBRBPBTKAXiZC ACID, or PARAPRTBABZC ACZB. See Fhthalic 
Acids (p. 1616). 

Bromoterephthalio outid^ C'‘lI®Br(C001[)-, prepared by the action of potassium pep- 
manganato on bromotoluic aci(J, C'drnh‘(GII*)(COOH), in alkaline solution, crystal^* 
lises from boiling water or alcohol in microscopic needles melting at 304'^-I105'^. 
Contrary to the usual relations of solubility between aromatic acids and their bromine 
derivatives, it is more readily taken up by solvents than terephthalic acid itself. 
Dried at 100® it retains 1 mol. H“0. Its potassium salt crystallises in silky needles ; 
the copper salt is obtained as a blue crystalline precipitate ; the lead and silver salts as 
flocculent precipitates, the last retaining 1 mol. Jl-0 at 100°. 

Bromotcrephthalic acid is docomjiosod by prolonged fusion with sodium hydroxide, 
yielding sodium plionato, carbonatt;, and bromide, according to the etjuation: 

C®HSBr(COOn)* + GNaOH .. NaOC^B* + 2Na2CO» + NaBr + 3H*0; 

but, on adding the brominatod acid to the soda in a shite of fusion, stirring for a short 
time, and then leaving the liquid to cool, a different action takes place, resulting in 
the formation of hydroxytereplil lialic acid : 

C«lPBr(COOIiy-' + 3Na01T = NaBr + 2E^O + C«H*(OH)(COONa)*. 

The hydroxy-acid thus produced separates from its hot aqueous solution as a white 
crystalline powder, which does not melt at 330°, and is identical with the hydroxy- 
terephthalic acid already doscTibed (p. 1634). 

Bromotcrephthalic ’, C“H“Br(COCiy-, is a colourless oily liquid, boiling at 

306°. The corresponding amides C®lPBr(GONH“)^ crystallises in colourless needles 
which melt at 270°, and are not dissolved at ordinary temperatures by water, alcohol, 
or ether. 

Methyl Bromot(rcphlhahiti\ C®n**Br(CX.)OCU“)^, formed by treating the chloride 
with methyl alcohol, crystallises in neetlles, melts at 42°, and boils at a temperature 
above 300 ' (11. Bischli, Bci\ xii. 616). 

TBRPBXrBS, An examination by W. A. Tildon {Pharm, J. Trans. [3], 

viii. 188) of the terponos from the volatile oils of turpentine, juniper, savine, sage, 
lavender, orange, bergamot, and lemon, has led to the following conclusions. The 
terpenes, C*®!!'", so widely diffused among volatile oils, have but little influence in 
determining their characteristic odours. Natural torpenes are colourless, of sp. gr. 
0*84-0'86, and may bo divided into two groups: 1. Turpentine-group. Boiling 
point 156°- 160°. Melting point of the nitroso-derivative produced by the action of 
NOCl, 129°. Tlic members of this group yield solid torpin-hydratos, having the 
composition 2. Orange-oil group. B. p. 174°-176°. M. p. of 

nitroso-derivativo, 71°. The members of this group do not yield solid terpin-hydrates. 
The individual members of each group are allotropic modifications of the same hydro- 
carbon, distinguished from one another by their specific rotatory power. 

(1). Tcrehenthene Jind Isotcrchenthene (.1. Riban, Compt. rend. Ixxviii. 
288; Ixxix. 223,314), Tercbenthene is the chief constituent of French turpentine 
oil, from Pinus mar Uinta (v- 92*0), and is obtained in the pure state by washihg the 
turpon tine-oil with an alkaline ley and submitting it to fractional distillation. Iso- 
terehcvtkrnc is obUiined by heating tcrebonthene to 300°, and purified by fractional 
distillation and repeated reel ification over sodium. It is a laevogyrato liquid, having 
an orange-like odour, and boiling at 173°-177° (corr.) When exposed to the air it 
quickly absorbs oxygon, and becomes resinous. In an atrnospliere of carbon dioxide 
it remains unaltered, but absorbs the gas in considerable, quantity. Its hydrochloride, 
Ciojji«,nCl, is a colourless mobile liquid having a sweetish and not camphorous odour. 
Under ordinary pressure it boils with partial decomposition at 210°, giving off 
hydrogen chloride. Under a pri;ssure of 20 mm. it boils almost without decompo- 
sition, at 110°. It does not yield any solid product either by cooling, or by spon- 
taneous evaporation, or by ilistillation in a vacuum, or by treatment with fuming 
nitric acid. It is easily saponified by boiling with water. It is not acted upon by 
alcoholic potash. Tlie di hydrochloride, C‘®IU®,2HC1, obtained by passing hydrogen 
chloride into an ethereal solution of isoterebonthene or of the monohydrochloride, 
forms white crystalline faminae; melts .at 49'6° ; is converted into terpinol, 
C'®II'",2H-0, by bi)iling wdlh :iqueous alcohol containing a small quantity of hydi-o- 
chloric acid ; remains unaltered when boiled wil h aqueous poUsh. It forms liquid 
compounds with the monohydrochlorido of turpentine-oil, the isomeric solid mono- 
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hydrochlorides of active and inactive camphene, and the hydrochloric ether of borneol. 
Isotenbenthene dibromide is converted by boiling with potash-ley into cymene. 

The following determinations of the physical properties of terebenthene and iso- 
terebenthene have been made by Hiban {CompL rend. Ixxviii. 788; Ixxix. 314). 
Terebenthene boils at 166*6® (corr.) ; isotorobenthene at 176°. The optical rotatory 
power of terebenthene is —40*32°; that ofisotercbenthene oi=a —9*44° at 23°. 

Specific Gravity. 


Temp. 

Terebenthene 

•Temp. 

isotercbenthono 

0° 

0*8767 

0° 

0*8686 

17*88 

0-8619 

20-28 

0*8427 

39*74 

0*8439 

40*19 

0*8273 

69-38 

0*8277 

58*32 

0*8131 

79*69 

0*8107 

79*24 

0*7964 



10000 

0*7793 


Ityiices of Refraction. 


Spectral lines 

Wave-lengths 

Tcrel)ciithenc 

Isotcrcbenthcno 


acc. to Thalen 

at 16° 

at 25° 

Red (Hydrogen) 

0*00066618 

1*4666 

1*4677 

Yellow (Sodium) 

0*00068920 

1*4697 

1*4709 

Green (Magnesium 

0*00051739 

1*4740 

1*4760 

Blue (Magnesium^) 

0*00044810 

1*4808 

1*4839 


The refractive index of terebenthene for the line D at 26° is 1*4648. 

On Tetraterebenthene see p. 1917* , 

(2) . Tilden (Chcm. Soc. J. [1878], xxxiii. 80) has examined the terpones from 

Russian turpentine-oil (from Pinm sylvestris and P. Ledehauri)^ and from the needles 
of P. sylvestris. The former, when freed from small quantities of creasote and acetic 
acid by agitation with soda-ley, yielded by distillation a terpene which boiled at 167°,, 
and with the exception of its rotatory power ( + 23*3°) agreed in its properties with 
australene (v. 921). The same oil further contained a considerable quantity of a 
second hydrocarbon, boiling between 171° and 171*6°, having a density of 

0*86629 at 16°, and a specific rotatory power of + 17°, and finally cymene. The oil 
from the needles of Pinns sylvestris contained, in addition to a hydrocarbon identical 
with australene (rot. power +18° 48^), a terpene, agreeing with that above mentioned 
in boiling, point (171°) and density, but Isevogyrate (about —4°), together with a 
small quantity of cymene. 

(3) . Flawitzky {Ber. xi. 1846), by di.stiUing Russian turpentine-oil with steam 

and rectifying the product, has obtaineda dextrogyrate terpene having a greater 
rotatory power than that described by Tilden ; [o]i, - 27*7° at 24’5°,* sp.gr. 0*8746 
at 0° ; 0*862 at 16°; 0*8647 at 24*5°. Dry hydrogen chloride converts it into a 
hydrochloride which melts and sublimes at 127°, boils at 204°, and separates from 
alcohol in large crystals. In alcoholic solution it has rotatory powef of [a Jjj = + 24*6° 
and [a]>=+30*5°. 15y nitric acid and alcohol it is converted into a torpin, 

C»®H«,2H20. 

(4) . A terpene agreeing nearly in specific gravity and boiling point with the less 
volatile terpene of Russian turpentine oil, but optically inactive, is obtained bypassing 
steam through a mixture of terpin crystals (76 pts.) and 60 pts. sulphuric acid diluted 
with seven or eight times its bulk of water. The terpen o then passes over as an oily 
distillate, which may be purified by boiling it for several hours with a mixture of 1 
vol. sulphuric acid and 2 vol. water, then distilling it fractionally and finally over 
sodium. It boils at 176°'-178°, and has a density of 0*8626 at 16°. It does not 
appear to bo attacked by hydrochloric acid or nitrosyl chloride. When dissolved in 
hydrochloric and mixed with bromine it is converted into a dibromido, which is 
resolved by heat into hydrogen bromide and cymene. By oxidation, this hydro- 
carbon, as well as terpinol, yields, together with other products, para- tcluic acid 
(Tilden, Chem. Soc. J. [1878], xxxiii. 260). 

(5) . From the Swedish wood-tar of Pintis sylvestris Atterberg {Ber.x. 1202) has 
obtained two terpenes, which he de.signates as australene and sylvostrene. 
The latter has already been described in this volume (p. 1886). The .australene 
agrees very nearly in its physical properties with that obtained from English tur- 
pentine oil (v. 920). B. p. 166*5°-157*6°. Sp. gr. 0-8631 at 16°. Rotatory power 
+ 36*3°. When treated at low temperatures with hydrogen chloride, it yields a solid 
hydrochloride^ which when purified by repeated crystallisation from alcohol, forms 
feathery crystals melting at 131° ; its rotatory power in alcoholic solution is +29*8°. 
It is not attacked by water or by aqueous pobish even at 1 00°, but by hydrogen 
chloride in ethereal solution it is partly converted into a dihydrochloride. A liquid 
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eompound, probably an isoTneric hydrocMoride, is formed as a bye-product in the pre- 
paration of the solid hydrochloride ; it uppoiirs to be less stiible than the latter. 

(6) . The torpene of clove-oil, after repeated rectification over sodium in a stream 

of hydrogen, boils at 263*9° (corr.), has a density of 0*906 at 16°, and a vapour- 
density = 7*7 1 hence its molecular formula is (Church, Chem, Soo, J, 

xxviii. 113). 

(7) Nutmeg -oil yields by fractional distillation a terpene, which boils 

at 163°-164° (corr.), and is converted by oxidation with chromic acid mixture intif 
carbonic acid, a volatile acid, probably formic, and a Sm'alL quantity of terephthalic 
acid, probably due to admixed cymenc. Nitric acid converts it into an acid called 
myristisic acid, which, when dried over sulphuric acid, has the composition 

together with oxalic acid, and small quantities of toluic and tere- 
phthalic acids (0. 11. A. Wright, CJiem. 8oc. */. xxvi. 649). 

On Hesperidmet the terpene of Orange-pool oil, see p. 1028. On the terpene of 
Eiicalyptm oi/, p. 761. 

(8) . The torpene of pars ley -oil has been examined by E. v. Gerichten (Ber. ix. 
268). It passes over, on rectifying the oil, as a liquid having a very strong odour of 
parsley, a density of 0*866 at 12°, and boiling at 164°. Kotatory power for yellow 
light in a column 100 min. long = —30*8°. When treated with strong hydrochloric 
acid, it yielded only a very small quantity of a hydrochloride, and attempts to prepare 
a terpin from it were unsuccessful. Iodine converts it into a hydrocarbon which 
yiehls by oxidation /j-toluic and /3-phthalic acids, and is therefore probably cymene. 

(9) . A solid hydrocarbon, originally regarded as f^^kyl-terpene, is obtained 

by the action of sodium and ethyl iodide on camphor chloride "(V. Meyer a. Spitzer, 
Ber. ix. 877), also by the action of sodium alone on the same chloride. When puri- 
fied by distillation and crystallisation from other it forms a dazzling white crystalline 
mass, having a camphorous o<lour, molting at 63*5° and boiling at 153°. It volatilises 
very quickly on cxptisure to the air, and<is insoluble in water (V. Meyer a. Petri, Ber, 

990 ; Spitzer, ihicL 1034). 

(10) . A polymeric terpene has been obtained by Jacobsen (Ber. ix. 267) from 
the portion of coal-tar cumene (purified merely by agitation with soda-ley and distil- 
lation), which is not attackoAl (i.e. not converted into a sulphonic acid) by sulphuric 
acid. The greater part of this residual liquid distils between 170° and 180°, another 
smaller portion Ijctwoen 300° and 330°. The first portion contiiins a hydrocarbon 
C'"]!”, boiling under 770 mm. pressure at 170°-17l°. The polymeric terpene is con- 
tained ill the second portion, and may be separated therefrom by fractional distil- 
lation finally over sodium. It is a colourless oily liquid, not miscible in all proportions 
with alcohol, boiling between 320° and 325°, having a density of 0*886 at 22°, and a 
refractive index - 1*6009 for the lino D. Its formation is probably due to the poly- 
merising action of the strong sulphuric acid on a lower-boiling terpene contained in 
the crude hydrocarbon. 

Compounds of Terpenes witb XTItrosyl Cblorlde, C'®n'®(NO)Cl; and 
Vltrosoterpenes, C*H'^(N()) (Tilden a. Shenstouc, Chem, Boo. J. xxxi. 664). To 
prepare the iiitrosochlorides, a solution of a terpene in 3 or 4 vol. chloroform (or J vol. 
in the case of tcrpentiiic-oil) is saturated at — 10” with nitrosyl chloride (p. 1419), 
care being taken to avoid rise of temperature. The reaction is complete when a 
sample of the product gives with alcohol a white crystalline precipitate, which is not 
visibly increased by further uctipii of the nitrosyl chloride. The whole is then stirred 
into three times its volume of methyl alcohol; the mixture is left to itself for half 
an hour ; and the resulting crystalline precipitate is washed with alcohol and then 
left to dry in tlie air. In operating on the torpoiics of caraway, bergamot, lemon, and 
sweet orange, however, it is better to dissolve them in five or six times their volume 
of methyl adcohol instead of chloroform, keeping the temperature also at —10°. The 
end of the reaction is then indicated b> a slight effervescence. The crude product 
may be purified, if necessary, by solution in chloroform and precipitation with alcohol. 

AustraUne Nitrosochloride^ prepared from American dextrogyrate turpentine-oil 
boiling at 160°-161°, and having a rotatory power [a]D= + 1*76°, melts with decom- 
position at 103°, and is converted by heating with alcohol and alcoholic pofcish into a 
nitrosoterpone, C*®H**NO, which remains on neutralising the alkaline solution 
and evaporating; it melts at 129° (corr.) 

Terehenthene Nitrosochloride, from French Imvogyrato turpentine-oil boiling between 
166° and 160°, is very much like the australcno compound. The nitrosoterpene 
obtained from it by the actitfn of alcoholic potash likewise resembles nitroso-australeno 
in melting point and in optical inactivity, but differs from it slightly in crystalline 
form. 

Of the terpenes from Salvia officinalis (p. 1771), the one which boils at 168°- 160° 



1904 


TBRPENES. 


and has a rotatory power [o]d= —32'2®, yields a nitroso-derivative identical with 
that obtained from austral ene ; whereas the other, boiling at 168'’-! 76®, and having 
a rotatory power [a]D= does not yield any analogous nitrosochloride, but is 

converted, with effervescence, into oily products. 

Terpene of Junipcnis comtnunis, obtained from the portion of the crude oil which 
boils below 160®, and has a rottitory power [o]„=— 1®, yielded a nitroso- 
chloride which was converted by alcoholic potash into a nitrosoterpen e melting 
at 128*5®, and was therefore apparently identical with that prepared from australene. 

Inactive terpene^ prepared by the action of .sulphuric acid either on dextro- or on 
laevogyrate turpentine-oil, and boiling at 156®-! 69®, did not yield a crystalline nitroso- 
chloride. 

Hesperidenc Nitrosochlorid^ (m. p. 103®), prepared from ‘ essence do Portugal,* 
boiling at 1 74®-175®, is dextrogyrate, [a]„— + 85*9°, and yields, with alcoholic potash, 
a brown oily product, fnmi which a crystalline nitroso-deri vati ve may be obUiinod. 
This latter may, however, be prepared in larger quantity by the action of heat on the 
nitrosochlorido itself. Por this purpose the nitrosochloride in portions of 1 gram 
each is fused in test-tubes, and cooled by water immediately after fusion ; the resulting 
honey-like mass, after standing for some hours, is dissolved in alcohol, and the solution 
is left at rest. It then deposits the nitrosohesporidone in flat prisms, which 
melt at 71°i and are much more soluble in alcohol than the isomeric compounds above 
described. This nitroso-compound is sublimable, but polymerises when converted 
into vapour, so that its vapour-<lensity cannot be ascertained. That it is isomeric 
and not identical with t’lie nitroso-deri vati ves of australene and torebonthene is shown 
by the fact that it is laevogyrate ([aJo= —36*6®), although it is prepared from a 
dextrogyrate terpene. On adding bromine to a solution of nitrosohesperideno in 
chloroform, and evaporating, the compound C'"U'^(NO)Br separates out as a semi- 
crystalline mass. 

Terpene from Oil of Caramy,vf\\iQ\\ boils at 178®, and has a rotatory power 
(100 mm.) equal to +11®, forAis a nitrosochlorido which, when decomposed by heat', 
yields a nitrosoterpene melting at 7P^ and identical with that just described. 

Terpene ftom liergamol-oily boiling at 176®, and having a rotatory power (100 mm.) 
[ajpB +76*6®, yields a nitrosochloride which melts at 98®, and is thereby con- 
verted into a nitrosoterpene melting at 71®, which, like nitrosohesporidone, melts 
at 71® and is laevogyrate, but differs from that compound and from the nitroso- 
derivative obtained from oil of caraway, in crystallising, not in broad flat prisms, but 
in concentric or parallel groups of very long thin prisms. 

Terpene from Lemon-oil yielded only a small quantity of a nitrosochlorido, from 
which no crystalline nitroso-derivative could bo i^bUtined. The oil of Jnniper^as Sabina 
did not yield any derivatives analogous to those above described. 

Products of tbe action of Sulpburlc Acid on Terpenes. Deville {Ann. 
Chim. Phys. [1840], Ixxv. 37), from an exsiraination of the action of sulphuric acid 
upon oil of turpentine, inferred that the turpentine is thereby partly converted into 
‘terebene’ (v. 924), an opticvilly inactive liquid hydrocarbon having the same com- 
position and boiling point (about 160®) as the original oil, and partly into colop hene 
(i. 1086), a polymeric hydrocarbon probably of the formula C'-'Ml*-*. Ilibun in 187;^ 
{CompU rend, Ixxvi. 1547) confirmed Dcville’s conclusion that terebene was an isomeriao 
of the terpene from which it was prepared, but showed that the properties ascribed to 
it by Deville were not those of a pure substance, but of a mixture containing a con- 
siderable quantity of cymene ; and a similar conclusion was arrived at by Orlowski 
{Ber. vi. 1267), according to whom the product contains more cymene. than terebene. 

Riban’s ‘ terebene * remained liquid even at —27®, and had practically the same 
density, boiling point refractive index as the terpene from which it was 

prepared, the only physical difference between them being their behaviour to polarised 
light; but whereas terpene monohydrochloride was found to imit at 13i®-132®, and 
to be decomposed only to a very slight extent on prolonged heating with water at 
100®, * terebene* monohydrochloride was found to melt at 125®, and to bo very rapidly 
and completely decomposed by water at 100®, manifesting in this respect the very 
closest resemblance to the monhydroehloride obtained from inactive carnpheno, which, 
^lowever, melts at 146®. Kiban observes also that terebene hydrochloride is decom- 
posed even by prolonged washing with cold water, yielding solid camphene and 
hydrochloric acii whereas when decomposed by water at 100®, it yields liquid 
terebene. 

The action of sulphuric acid on the terpenes has been further investigated by 
Armstrong a. Tilden {Cfiem. Soc. J. xxxv. 733), wdioso results are summarised as 
follows : 
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1. The action of sulpliuric acid on the terpenes varies both according to the con- 
centration of the acid and the temperature at which the action takes place. 

2. The terpenes are most readily deprived of their optical activity by means of 
concentrated acid acting at an elevated temperature. By the action of the same acid 
at about 0°, they are chiefly polymerised, the rotatory power of the portion not 
polymerised being affected only to a comparatively slight extent. 

3. Weak sulphuric acid acts very slowly on the terpenes at ordinaiy temperatures,# 

(1 vol. to 1 vol. water), and tends chiefly to polymerise them. By its action 

at about 80°, however, they are uUim.'<tely rendered optically inactive, a considerable 
proportion remaining unpolymerised. Acids intermediate in concentration between 
that just mentioned and the undiluted acid appear to furnish intermediate results. 

4. The portion of the product of the action of concentrated acid which is volatile 

with steam does not contain, as Deville, Biban, and Orlowski state, a liquid optically 
inactive isomeride, boiling at about the same temperature as the parent terpone, 
neither is cymene the only other constituent of this portion of the product (Ribaii, 
Orlowski). So-called torebene, in fact, does not exist, the substance described under 
this name being merely impure optically inactive camphene ; and in the said product 
it is associated with terpilene, the optically inactive liquid isomeride of the terptmes 
which boils at about 178®, also with cymene and a paraflin-like hydrocarbon of the 
formula C*"!!'-®. Terpilene is the chief constituents of the product in question, and 
next in amohnt is camphene; the quantity of cyme^je is relatively smaller, and the *■ 
of the hydrocarbon, still smaller. 

6. The similar product of the action of acid (1 vol. t(/l vol. water) at about 

80° does not appear to contain any camphene, but consists principally of terpilene ; it 
also contains cymene, the hydrocarbon and a certain amount of oxygenated 

substance which is but little, if at all, affected by sodium. 

6. The portion of the product of the action of sulphuric acid of whatever strength, 
which does not volatilise with steam — imdo colophcne — is probably a mixture of 
polymerides of the form (C*"H*®)«. When siibmitted to. distillation, it yields a con- 
stdorable amount of matter volatile in steam. The product examined by Deville, 
Biban, and probably by Orlowski, was therefore a mixture of two products. 

7. The steam distillate obtained from colophene prepared by the action of acids 

varying in strength from ‘2 vol. : 1 vol. water to the concentrated acid, re- 

sembles in composition the volatile product above described (1), but coiitaius a con- 
siderably larger proportion of inactive camphene ; it also contains a small quantity 
of an optically inactive camphol (borneol), 

8. The distillate from tbo colophene obtained by the action of the acid (1 vol. 

: 1 vol. water) on the terpenes, and that from the colophene derived from 

terpilene, contains a relatively much larger amount of cymene anrl of the hydrocarbon 
C'®I1*® than the distillate from colophene prepircd by means of strongor acid. It is 
drmbtful whether it contains camphene. 

9. The amount of distillate obtained from colophene prepared under various 
conditions is subject to considerable variations, the law of which has not yet been 
ascertained. 

10. The small amounts of substances other than those mentioned which are found 
in the volatile product of the action of sulphuric acid, and also in the troloplione dis- 
tillate, are probably the result of the decomposition of a product of oxidation formed 
during the prolonged fractional distillation, and in the latter case al.so during the 
preparation of the colophene. 

11. Probably the best method of preparing pure inactive camphene from the 
terpenes will bo to polymeri.se the terpone completely by means of an excess of con- 
centrated sulphuric aci<l at an elevated temperature, and having fr<‘cd the colophene 
from cymene, &c., by steam-distillation, bo distil it alone, then to traction the colophene 
distillate, and treat the fraction collected at about 156°-160° with hydrochloric acid, 
and afterwards decompose the camphene hydrochloride so formed by means of an 
alcoholic solution of potassium hydroxide. 

12. Inactive camphene is converted into inactive camphor by oxidation w'ith a 
mixture of potassium dichromate and sulphuric acid. This inactive camphor yield.s 
camphoric acid on oxidation with nitric acid, but the acid prepared in this manner 
has a much higher melting point than ordinary camphoric acid. 

Terpllenea and CamplieneB have also been obtained from the following sources : 
(1). G. Bouchardat ( Ixxx. 1446) obcjiined a by heating isopreno, 

C®H* (iii. 433), at 28()°-290° ki sealed tubes from which the air had been displaced 
by carbon dioxide. The product contained a little unaltered isoprene, a hydrocarbon 
boiling between 170°- 185°, and higher condensation-products, including a certain 
quMTitity of the hydrocarbon but chiefly amorphous colophene. Terpilene, 
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which forms tho chief constituent of tho fraction, passing over from 170° to 185°, and 
distils, after rectification, between 176° and 181°, has a very strong odour of lemons, 
resembling also that of isoterebentheno. Sp. gr. = 0*866 at 0°, ~ 0*853 at 21°. It 
quickly absorbs oxygon from the air. On passing hydrogen chloride into its ethereal 
solution, a mixture of two hydrochlorides is formed, which remains as an oil when the 
ether is evaporated off at 20°-22°. On distilling this mixture under a pressure of 
140 mm., a body passes over at 145°, which has nearly tho composition C*®H**,H01, 
and remains liquid in a freezing mixture ; the temperature then rises quickly to 
175°-180° whereupon a slight decomposition begins, attended with evolution of hydro- 
chloric acid ; and, if the distillation bo then interrupted, there remains in the retort a 
substance which solidifies completely in a freezing mixture, caiid has the composition 
C'®H*®,2IIC1. In the surfused state this body may be made to solidify completely by 
dropping into it a small quantity of the dihydrochloiide prepared from turpentine oil, 
or of the di hydrochloride of caoutchin (1*736). After pressure and recrystallisation 
from ether, it melts at 49*5°. 

(2) . A terpileiie, very similar in properties to that just described is obtained in 

like manner from valerylene, C^H*. After several rectifications, it has a density 
of 0-848 at 0° and 0-836 at 15°, and distils at about 180°. On passing hydrogen 
chloride into its solution in a six-fold volume of ether, a imnohydrocMoiride is formed, 
distilling under a pressure ofc20mm. at 115°- 120°, and a dihydrochloride boiling 
under the same pressure at and remaining liquid at —14°. Tho residue 

contains another dihydrochloride, which cannot bo distilled without decomposition 
even in a vacuum, solidifies at — 14° after contact with dihydrochlorido of citrene, 
and then does not liquefy till heated to 25°. Those last compounds give a blue colour 
with ferric chloride. The liquid mono- and di hydrochlorido treated with alcoholic 
potash, yield torpinol (Bouchardat, Compt. r&nd. Ixxxvii. 654). 

(3) . Camphenes . — Tho name * camphene,* originally used ns a generic term for 

the hydrocarbons, was restricted by Bertholot to tho solid members which ho 

obtained by the action of ceitain weak reagents, such as tho alkaline stearates, on tho 
hydrochlorides of the torpencs (v. 924), They have since been formed, as already 
observed, by the action of sulphuric acid on the terpones, and by other processes. 
The following have been examined by Eiban (Aruh Chim. Phys. [5J, vi. 353 ; Compt 
rend., Ixxx. 1307). 

Lesvorotatory Camphene, or Terecamphene^ was obtained by Bertholot from tere- 
bentheno hydrochloride by tho action of potassium stearate. Ribari prepares it by 
heating the hydrochloride with about an equal weight of potassium hydroxide and 
throe or four times the same weight of alcohol of 94 per cent, in a closed vessel for 
seventy-eight hours, treating the product with water, distilling, pressing, and fraction- 
ating. It has a faint taste, melts at 45°-47°, and boils at 156°-157° (corr.) In tho 
fused state it has at 477° a density — 0-8481 ; at 68'9° = 0'8387 ; at 79-9° -- 
0-8211; and at 977® = 0-8062, giving for the dilatation-coefficient tho formula 
Dt:=^0*1881 — 0-00839^. Tho rotatory power of the campheno in ab-oholic solution 
varies with tho degree of dilution. Denoting by e tho quantity .of alcohol in 100 pts. 
of the solution, the following values are obtained : 


Temp. 

e 

Kotatory power 

13 

62*11 p. c. 

-51-88° 

13 

71*50 

-51*60 

14 

80-30 

-51*37 

14 

90*44 

-50*99 


The rotatory power maybe expressed by the equation [o]d = 53-80 — 0-3081e. The 
monohydrochloride, C*®II*®,HC1, is prepared by dissolving 100 pts. of the camphene in 
150 pte. absolute alcohol, and saturating the solution with gaseous hydrogen chloride. 
Rotatory power [o]d= + 30-25°. It dissociates readily, and must therefore be sublimed 
in a current of hydrogen chloride ; in such an atmosphere it melts at 147°. It is 
decomposed rather slowly by water at ordinary temperatures, completely by heating 
for ninety hours with fifty times its weight of water at 100°, the regenerated hydro- 
carbon being laevcjrotatory : [a] d = - 8*6°. ^ 

Inactive camphene was obtained by Berthelot, together with active camphene, from 
which it could not be separated, by heating terebenthene monohydrochloride with 
sodium benzoate. This statement is confirmed by Riban, who has also prepared 
perfectly inactive camphene by heating terebenthene monochloride for eighty hours 
with twice its weight of sodium or potassium acetate at 170°, distilling, and washing 
with potash-ley and water to remove acetic acid. Inact ive campheno resembles tlie 
active modification in all its properties, except the rotatory power. It melts at 470°, 
boils at 157° (corr.), and yields a monohydroehloride, which is decomposed by water 
and pobish-ley, and molts in an atmosphere of hydrogen chloride at 145° (corr.) 
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Bomeo^canvphenet or Borneene^ originally obtained from Dryahalanops Camphora 
(i. 626), may be formed artificially from common camphor by treating a solution of 
that substance in toluene -with sodium, and the product with carbonic acid, whereby 
l)orneol is obtained (vii. 206), and heating the latter with fuming hydrochloric acid at 
100®, whereby it is converted into the hydrochloride C*®H'*,HC1, which is opticalljj^ 
inactive, resembles ordinary camphene hydrochloride in its properties, melts in an 
atmosphere of hydrogen chloride at 146®, and is slowly decomposed by water at 
ordinary temperatures, more quickly ui. 100®, with formation of borneocamphe ne. 

Conversely, laevogyrate camphene from French turpentine-oil can be converted into 
camphor by boiling 100 pts. of it for fifteen or sixteen hours in a refiux apparatus 
with 570 pts. potassium dichromate, 700 sulphuric acid, and 1420 water, acetic acid 
and apparently a small quantity of butyric acid being formed at the same time. The 
camphor thus obtained may be freed from traces of camphene by fractional sublima- 
tion, rejecting the first sublimate, and from higher-boiling oily bodies by solution in 
nitric acid, precipitation with water, and sublimation from lime. When thus purified 
it exhibits the pungent odour and other properties of ordinary camphor, molts at 172® 
(coiT.), and has a Isevorotatory power [a]D = — 13*7®, opposite therefore in direction to 
that of ordinary camphor. The camphoric acid formed from it is also laevogyrate ; 
[a]„=s —6*5®, and melts at 197®-198® (corr.); camph- He acid from common camphor 
molts at 187® (corr.) 

TBRPEmrUC ACIB, C*H‘20< (0. Hempel, Ber. yiiJ! 357). This acid is 
formed by oxidising terpin or turpentine-oil with a quantity of chromic acid not 
sufficient for complete oxidation ; and in like manner, according to Sauer (ibid. x. 
622), from terebene (impure inactive camphene) and the terpeno of lomon-oil. It is 
obtained at first in the form of a syrup resembling glycerol, but on leaving its con- 
centrated solution for some time exposed to the air, it solidifies almost completely, 
and is easily obtained pure by pressure and recrystallisa^ion. It is very soluble in 
water, and crystallises therefrom in radiate groups of colourless laminas having the 
composition + H*0, which give oif their water in the exsiccator, and crumble 

to a powder melting at 90° (Hempel). It is resolved by heat into carbon dioxide and 
teracrylic acid, (Kraffl., p. 1900). 

Terpenylic acid is monobasic. Its salts are so soluble that even a tolerably con- 
centrated solution of the ammonium salt forms no precipitate with any of the ordinary 
metals. The silver salt, C*lI"O^Ag, separates from a hot concentrated solution as a 
white loosely coherent crystalline mass, which does not blacken ap 90® or on exposure 
to light. The copper salt, (C*ir'0*)'*'Ca, separates from solution on spontaneous 
evaporation in small well-defined dark-blue crystals. The clki/lio ether, which molts 
at 36®-38®, and boils almost without decomposition at about 300®, is not attacked by 
acetyl chloride at 100® : consequently terpenylic acid does not contain any hydroxyl- 
groups. According to its formula it should be the next homologue of terebic acid, to 
whieli indeed it exhibits a certain degree of analogy (Hempel). When treated with 
barium hydrate, it is* converted into the barium salt of diaterpenylie acid, 
0“H**15aO^ The ethylic ether of this acid is solid (E. Sauer, Bcr. x. 622 ; Krafft, 
ibid, 1660). 

TSBPXir and TERPXUrOXi (v. 923). Tilden (Clveni. Soc, J, xxxiii. 247) pre- 
pares terpin, C^®H*®0, by leaving a mixture of 1 vol. nitric acid (sp. gr. 1*4), 1 vol. 
methyl alcohol, and 2^ vol. pure tuipen tine-oil (either French or American) to itself 
for two days, then pouring it into an open disht and gradually pouring upon it, at 
intervals of two days, small quantities of methyl alcohol. Orange terpenes thus 
treated do not yield terpin. Contrary to the statements of former observers, Tilden 
finds that torpinol (prepared by the action of hydrochloric acid upon terpin) boils 
between 205°-215°, and has the compositior C'®.H.*‘*0 or C“’®H®“0‘-'. Accordingly 
terpin may be represented by the rational formula C‘®H**(OH)-, and tcrpinol by 

The latter treated with dry hydrogen chloride yields the d/- 

hydrochloride of turpentine G'®H‘®,2HC1, in crystals which melt at 50°, and are 
converted by sodium ethylate at the boiling heat into a mixture of the compounds 

CiofliB and C'®H“(OC*H*)®. An alcoholic solution of terpinol mixed with 

hydrochloric acid gradually deposits terpin. 

Terpin treated with dilute sulphuric acid (1 pt. H*SO^ to 7 or 8 pts. water) yields, 
together with a small quantity of terpinol, a terpeno apparently identical with one of 
the terpenes obtained from Kussian turpentine-oil (p. 1902). 

TETRABBRZOn-BXAECXDOPBEErOES. See F 11 KNOI.S, Amioo- (pp. 1522, 
1623). 

TETRREENZOYB-MORPBXXn. See Morphink (p. 1340). 

6 G 2 
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TBTAABROMACBTXC BTRBB, is formed by the action of 

bromine at 160° on the dibromacetio ether, C^H“Br*0®, which is obtained by heating 
ethylidene acetoxychloride, CH*.CH(0C*H*0)C1, with bromine at 102"-1()3°. When 
freed from absorbed hydrogen bromide by heating in a stream of carbon dioxide, it 
forms an oily liquid which fumes strongly in the air, and decomposes when distilled. 
It is also decomposed by water and alcohol, yielding products which reduce an 
ammoniacal silver solution. Heated with bromine in scaled tubes at 170°, it is con- 
verted into pen tabromacetic ether, C^H*Br*0®, probably CH‘*Br.CO.OCBr*.CHBr* 
which is a liquid, fuming very slightly in the air, and boiling without decomposition 
at 175°-177®. With water it yields a product of decomposition which does not reduce 
ammoniacal silver-solution. With alcohol it yields 1 mol. monobrom- and 1 mol. 
dibromacetic ether (b. p. 194°), together with hydrogen bromide and traces of bromiri- 
utetl acetic acid, but no silver-reducing substance*. It is ditferent from the penta- 
bromacetic ether obtained by heating ethyl acetate with bromine (p. 11). Heated 
with excess of bromine at a very high temperature, it is converted into hexbrom- 
acetic ether, C*H*Br*0^ a liquid boiling almost without decomposition at 196°- 
198° (F. Kesscl, Ber. xi. 1917). 

TBTBABROMAXiZZARZiar, C^^H^Br*0^, is obtained by heating alizarin with 
excess of bromine at 180°, ana ;nay be purified by repeatedly crystallising the product 
from glacial acetic acid, in which it dissolves with rust-brown colour. It is nearly 
insoluble in water am! in alcohol. In alkalis and in strong sulphuric acid it dissolves 
with dark red to brown-red colour, and the solutions yield brown-red precipitsites witli 
lime-water, baryta-water, and alcoholic lead acetate. It molts at a high temperature, 
and sublimes as a light brown deposit, with considerafilo carbonisation. When heated 
with iodine bromide it is decomposed, partially at 200°, completely at 250°, into 
carbon dioxide, perbromethane, and pontabromobonzene (Diehl, Ber. xi, 187). 

TBTBABBOMAXrZSiZlirB, miBr^ NH^ [1 ; 2 I 4 : 6, NIP in 1]. See Brit- 
ZENES, Bromamido- (p. 195). 

TBTABBOMABTKBACBXrB TBTBABBOMZBB, C*^HoBr4,Br* 
(p. 1499). 

TBTBABBOMAZOPBBirOZiS. See Piibnoldiaziks in the Addenda. 

TSTBAaBOXM[-BTBA»rB or TSTBABBOMSTBYBBITB BYBBZBB, 

produced by the action of bromine on dibromosuccinic acid at 170°, is a 
crystalline body, isomeric with acetylene tetrnbromide or dibromothylcne dibromido, 
formed by the action of bromine on a saturated solution of acetylene in absolute 
alcohol. Tetrabroraethane molts at 64*6°, ami boils with partial decomposition at 
206° ; whereas acetylene bromide is liquid at ordinary temperatures, and is resolved at 
190° into HBr and tribromethyleno (Bourgoin, Ann. Chim. Phys. [o], iii. 421) ; com- 
pare p. 35. 

The same tetrabromethano appears to bc) formed, together fjrith other products, by 
heating ethylidene oxychloride with bromine in sealed tubes till carbonisiition takes 
place. The syrupy product is resolved by distillation into throe portions, the second 
of which, passing over between 190° and 240°, has the composition C-lPBr'*. It is 
insoluble in water, dissolves easily in ether, alcohol, and carbon sulphide, crysfallisos 
therefrom in nacreous scales, melts at 52®, and boils at 220° (Kessel, Ber. x. 1667). 

TBTRABBOM-STBYZACBTYXiBBE, C«II®B^^ obtained by the action of 
bromine on ethyl-acetylene, 0II*.CH''*.CZ5CII (produced by the action of PCI* on 
methylethyl ketone, and treatment of the product with alcoholic potash), is a crystal- 
line body .soluble in aliiohol, ether, and carbon sulphide, subliming without fusion at 
105° (Bruylants, Ber. viii. 410). 

TBTBABBOM-BTBYZiBBB, C%^ is formed, together witjj hexbromothane, 
by gradually heating etliyl iodide with bromine to 250°. It boils t ,t 53° (Morz a. 
Weith, Ber, xi. 2235). * 

TBTRABBOZC-BTBYXiBBB BYBBZBB, syn. with Trtraduowrthank. 

TBTBABROM-BTBYZi OXXBB, C«H®Br*0-(CH*Br.CIIBr)20, obtained by 
saturating ethylidene oxychloride with bromine at 115°-120°, is a fain tly-yello wish 
syrupy liquid, which fumes in the air and is decomposed by water* (Kessel, Ber. 
X. 1667). 

TRTRABROZKOBBBZBSrEB, C'H^Br^ (p. 169). 

TBTRABROMORBBZBB'BSinbPBOBZC ACZB, C»HBr«.SO>H. Hec 
p. 243. 



TETRABROMOFLUORESCEIN. 1969 

TBTRABROMOBVmZG ACID, C‘HWO®(m. p. 120°-130°), is formed, 
together with other products, by heating mucobromic acid, with bromine 

and water at 120®-! 30® (vii. 828), 

TST&Aail01IK0Cil.PR0ZC ACZD, C<'H”Br<0^ Identical with Soiibic 
Tbtiiabbomidk (p. 1897). 

TfiTBABROMOCARBAZOZi, C'^IT^^N. A product having nearly tlii* 
composition is formed by the action of bromine on carbazol (vii. 253), cither in the dry 
state or dissolved in carbon sulpliide (firaebe a. Glaser, Liebig's Anmlcn, clxiii. 343). 

TBTRABBOMOCATBCBOB or TBTBABBOMOPYROCATBCHZIT, 

C«H'^Br*0^ See p. 1709. 

TBTBABBOMOCOBAXiXinr-PBTBAZ.BZXr, C*»H>oBr«0«. See Corallin, 
under Kosaurin (p. 1764). 

TSTl^BBOMOBECABS, C*®Il*"Br*, is formed by direct combination of 
bromine with mentherio, 0'*II*'* (iii. 880), and is resolved by heat into hydrogen bro- 
mide and cymene : C‘®lI‘’‘Br’ — 4llBr + (Beckett a. Wright, J?ep. Br, Assoc. 
1875, [2 Abth.], 38). 

TBTBABBOMOBIBYBBOBTBIPBBXZ^AMBTHABB, G>®H”Br<0^ is 
formed on adding bromine- water to a hot aquew? s6lution of dihydroxyphenyl- 
mothane, GlI'“(C®HH)lf)'-', [produced by the action of melting potash on the potassium 
salt of diphenylmethrtncdisulphouie acid (p. 684)], and 8cpar!»tes in tlio form of a 
white precipitate. When purified it forms laminae having a reddish shimmer, soluble 
in alcohol and in ether, insoluble in water, melting at 225°, and decomposing at a 
higher temperature. Its hydrohromid^^ C'®F["Br®0“, may be prepared by slowly 
dropping bromine into an ethereal solution of dihydroxydiphenyl methane, and leaving 
the resulting solution to evaporato below 0°. The yellow’ crystalline masses thus 
rbtainod decompose on exposure to the air, with separation of hydrogen bromide, and 
dissolve in alcohol with formation of ethyl bromide (0. Bock, Be^, x. 1837). 

TBTBABROMOBXPBBXnrZiAMZBB, NH(0®H®Br^)^ See Phbnvlamines 
(p. 1549). 

TBTRABROMOPXiVORBM'E, G‘®11®0^ resembles the tribromo-derivativo 
(«•'■•) 

TETHABROMOFKVOBESCBillir, or EOSZIT, C^H'Br^O^ Seo PllTHAi.raHS 
(p. 1609). Tne following observations on eosin and allied colouring matters have 
been made by Biiidschedler a. Busch (Chem. NewSy xxxviii. 226). Yellowish Eosiiiy 
soluble in water {^s(diim-tetrabroinofltioresctm)y is obtained by adding 1*1 kg. bromine, 
with agitation to 1 kg. finely pulverised fluorescein suspended in ton litres of alcohol ; 
the fluorescinn already partially broininatcd then passes into solution, and is again 
gradually treated with 1*1 kg. bromine, each dron of which produces a crystalline 
precipitate of tcdrabromofluorescei'n. The precipitate is left to settle, separated by 
decantation, and washed, first with alcohol, then with water, till the liquid runs away 
perfectly neutral. The product is then dissolved in caustic soda, and the solution, w'hicfi 
mustnot have an alkaline reaction, is evaporate<l to crystallisation. Bluish Eoshiy soluble 
in water (sodimn-fetraiodojluorescc’in)^ is obtained by adding the calculated quantity of 
iodine dissolved in alkali to an a|kaliiie solution of fluorescein, and then adding an 
acid, whereby a cT^stalline precipitate is formed ; and, on dissolving this precipitate 
in caustic soda and evaporating, the commercial product is obtained. Its aqueous 
solution does not exhibit any sign of fluorescence. Safrosm, soluble in water, is a 
sodium salt of nitrated eosin, and is obtained on mixing 9 kg, eosin in alkaline solution 
with 8 kg. sodium nitrate, heating the mixture to the boiling point, and then sdding 
15 kg. sulphuric acid of 66° B. The resulting precipitate, which lias the colour of 
manganous sulphide, is washed, and dissolved in caustic soda, and the solution is 
evaporated^ The colouring matter thus obtained dyes wool of a deeper and more 
bluish-rod than cosin, and yields with naphthalene-orange a good substitute for 
•cochineal. 

Eosin soluble in alcoJud exhibits a greater variety of tints, like those of flowers, 
than eosin soluble in water, and is more jfcrmanent. It is obtained by heating 6 kg. 
eosin with 1 5 litres of pure methyl alcohol and 9 kg. sulphuric acid of 66® B. for four 
hours in the water-bath. The resulting methyl-derivative of tetrabromofluorescein is 
purified by pouring it into a'^largc quantity of water, filtering and washing, and is 
sent into the market in the form of a potassium salt. In t he dried state it is soluble 
in a mixture of equal parts of water and alcohol, the solution exhibiting a splendid 
fluorescence. The cMyZ-derimtivcs prepared in like manner have a somewhat fainter 
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yellowish colour. For further details see Die Chemieche Industrie redigirt wm Dr, 
E. Jacobsen, Berlin, 1878, 370 ; also Monit, Scientif. [3], yiii. 1169). 

TBTRABROMOBTBROXYPZPBSBTDSONZC ACZB, 

See PipiBBic Acid (p. 1632). 

TBTRABBOMOZiBVCROSAUBZir. See Rosaukin (p. 1763). 

TBTRaBROMBTBTZi»VORBSCB£ir(p. 1909). 

TBTRABROMOBAPBTBOZC ACZBS, C><’H>Br^COOH. Sco Naphtha- 
I.ENE-CABBOXTLIC ACIDS (p. 1360). *' 

TBTRABROXaOPBBBABTBRBBB, C*«H«Br« (p. 1514). 

TBTRABROMOPBBBrOZi.PBTBABBZB, C2oH>oBr^O\ and -PBTBAB- 
ZBBZB, C“H‘®Br<0* (pp. 1604-1605). 

TBTRABROMOPZPBRBYBROBZC ACZB, See Fipebio 

Acid (p. 1633). 

TBTRABROMORCZXrOBPBTBAXiBZB, C‘^H>-Br<0^ formed by adding 
bromine to a boiling solution of orcinol-phthalcm (p. 1612) in glacial acetic acid, is a 
faintly yellowish crystalline powder, only sparingly soluble in nearly all solvents, but 
dissolving readily and with dai4; brown colour iii dilute alkalis (E. Fischer, Ber, 
vii. 1214). V 

TBTRABROMOllTRVTBZXir, p. 1445. 

TBTRABROMOROSAURZB, C=»H>^Br«Ol See Rosaubin (p. 1763). 

TETRACBTYB-BRAZZZiZir, 348). 

TBTRACBTYXi-COBZrBRZir, C*«H**(C-H;»0)‘0«, is obtained by digesting 
coniferin (p. 553) with acetic anhydride at 100°, and precipitating with water, and 
separates as a white crystalline precipitate, which softens at 90°, and melts at 125% 
126° to a clear liquid solidifying to a transparent mass on cooling. It is insoluble in 
cold, slightly soluble in hot water, dissolves with moderate facility in cold alcohol and 
ether, very easily in boiling alcohol (Tiemann a. Naganosi Nagai, Btr. viii. 1140). 

TBTRACBTYZi-COBBZBB, C«H'*«(C'^H»0)*N<0'“. See Codeine, under 
Morphine (p. 1340). 

TBTRACBTYXi-MOBPBZBE, (vii. 820). 

TBTRACETYZi-QVZBATB, BTBYZiZC, C*H'(0C211’0)«.C00C-1P. See 
Quinic Acid (p. 1734). 

TBTRACSTYB-BirXiPBOTABirZC ACZB, See Tannic 

Acid (p. 1889). 

TETRACBTYZi-TBTRABROXIKO-BZZMZBOPBBirOB-PBTBABBXBr, 

G2«H'i®Br*N'**0®. See Phthaleins (p. 1605). • 

TBTRABUTYRYXi-llIORPBZBB, G’«H>«(G«H'0)<N20<’ (vii. 820). 

TBTRACBBORACBTOBB, G^H^GPO. See Acetone (p. 26). 

TBTRACBZiORAliZZARZB’, G*^H^G1^0\ is prepared by heating alizarin at 
100° in a sealed tube with antimony pentachloride, hailing the dark brown product 
with acid, dissolving it in soda-ley, precipitating with an acid, and finally dissolving 
it in a mixture of benzene and alcohol, from which it separates in the form of a red- 
brown crystalline powder. It begins to melt at 260°, but is almost entirely carbonised 
at a higher temperature. It is insoluble in water, but dissolves readily in glacial 
acetic acid, benzene, chloroform, carbon sulphide, and hot alcohol. Soda-ley dissolves 
it with brown colour. It does not dye mofdants (Diehl, Ber, xi. 187). 

TBTRACBBORABZBZBBS, G^'H^Gl^N. See Pubntlamines (p.*x7.549). 

TETRACBBORANTBRACBWB, Gi^H^’GB, is formed by the action of 
alcoholic potash on dichloranthracene dichloride, G'^H”GPGD (Diehl, Ber, xi. 173). ■ 
See also vi. 179. 

TBTRACBBORAWTBRAQVZBTOBrB, C>«H«CPO*, is obtained by heating 
dichloranthraquinone for some time in a sealed tube at 200°-220° with six times its 
weight of antimony pentachloride, and may be separated from adhering tnchlor- 
anthraquinone by exhausting the crude product with^hot glacial acetic acid, and 
fractional crystallisation, and finally purifi^ by sublimation. It crystallises in yellow 
needles melting without decomposition at 320°-330°, easily soluble in chloroform, 
toluene, carbon sulphide, and boiling glacial acetic acid (Diehl, Ber, xi. 179). 
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C«fl«Cl*Nv 

TBTXACB&ORAZOXYBBNZ&WB, | >0. This compound is 

known in two modifications, one of which is formed bv heating [1:3:4] nitro- 
dichlorobenzone, C*.NO*.H.Ci.Cl.H* (m. p. 646°), with alcoholic potash, the solution 
on cooling depositing a dark-coloured mass, from which the tetrachlorazozybenzena* 
may be obtained by washing with cold alcohol and boiling with carbon sulphide, 
which dissolves the azoxy-compound and leaves a brown powder. Pure tetrachlor- 
azoxybonzeno crystallises in very small light-yellow needles melting at 141*5° ; 
soluWe in chloroform, benzene, and glacial acetic acid. Strong sulphuric acid dis- 
solves it with red colour (Laubenheimer, Ber, vii. 1600; viii. 1626). 

The second modification, formed by the action of alcoholic potassium hydrosulphido 
on symmetrical or [1 ; 3 : 6] dichloronitrobonzcne, melts at 171®-172° (Beilstein a. 
Kurbatow, Ber, xi. 514). 

TETBACBBOBOBEBTZElsrES, (p. 173). The consecutive modifica- 

tion may be obtained from nitrotrichlorobenzene, C®.C1.N0*.C1.H.1I.01, by reduction 
and subsequent replacement of the amido-group by chlorine. 

TETBAGBBOROBEBZOZC ACZBp OHCl^OO^H, is formed by heating 
orthochlorobenzoic acid with six times its weight of ^ itimony pentachloride for three 
or four hours at 230°. Its haritim mlU after repeated crystallisation from alcohol, 
forms beautiful needles containing (G^HCP0*)'‘*Ba + 4H*0 (Beiljftein, Ber, viii. 436). 

TETBACBXiO&OBZEZBirBZir« See Bile-piqments (p. 325). 

TBTRACBEOROCARBAZOZi, is formed, together with less 

highly chlorinated products, by ][)a.ssiug chlorine into a solution of carbazol in carbon 
sulphide (Graebe a. Glaser, Liebig's Annat^ny elxiii. 343). 

TETRACBEOROCOUMARZB, C’J{'^Ol^O^ is obtained by passing chlorine 
into a solution of coumarin and iodine in carbon tetrachloride. It crystallises from 
alcohol in white needles melting at 144°“146° (Perkin, Cheni. Soc, *7. xxv. 37). 

TETRACBEOROBZETBTB-GEYCOli, 

C“H«C1»0’ =. CC1»— CCl*, formed by the action of 

phosphorus pentachloride on the compound of glycol and chloral, is a viscid liquid, 
having a density of 1*73 at 17°, insoluble in water, and decomposing when distilled 
(L. Henry, Ber. vii. 762). 

TETRACBBOROBZMETBnqVnrOEp C'>CP(OCH*)2. See Quinol 
(p. 1738). 

TETRACBBOROBXPBEirTabAMZBrE, NH(CH’C10>. See Difuenyl- 
AMiNE (pp. 200, ld49)« 

TETRACBXiOROBAPBTBABEBB, (p. 1350). 

TETRACBZiOROBrZTROBEBZEXrS, (>>H(N02)CH, crystallising in needles, 
at 20°-22°, is obtained by the action of strong nitric acid on symmetrical tetrachloro- 
bonzene, [1 : 2 : 4 : 5]. It dissolves readily in carbon sulphide, benzene, and hot 
alcohol (Beilstein a. Kurbatow, Ber, ix. 679). 

TETRACBXiOROPBBBrABrTBREBE, See Puenantukene 

(’?. 1516). 

TETRACOBEZBE, See Codeine (vii. 372). 

TETRABTMZTE. Native Telluride of Bismuth (p. 1897)- 

TETRA^'.AfiBRZTE. Fahl-ore. A number of totrahedrites and other sulphur 
salts fr^m Sweden have been examined by N. Nilson {Zctfsvhr, Kryst. i. 417) - 

1-6. Tetrahedrite agreeing with the formula 2(4ll*S,Sb^S*) + 4R"S,Sb*S*. Tliis 
iniuBRil was formerly regarded as identical with Svanber^’s aphthmUe from Gardgoii, 
Wermland (v. 729) ; but Nilson shows that Svanberg’s original analysis of aphthonite 
(No 6), from which he deduced the formula 7RS,Sb®S* (in which RS must be supposed 
to denote partly CuS in place of Cu^), agrees equally well with the formula 
2(4Cu’*S.Sb*S*) + 4ZnS,Sb^*, in which 1 Cu is replaced by 1 Ag, and 1 Zn by 1 Fe. 
The values ©ilculatod from this formula, Cu**AgZn*FeSb*S", are given under No. 7. 
Nilson further observes that Atterberg’s analysis of a mixture of metallic bismuth 
with a sulphur-salt (No. 8), gives for the latter the formula 3RS,2Bi*S*, in which 
8R-2Pb+ iFe (No. 9), supposing the mineral to contain 36 81 per cent, metallic 
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bismuth. Lastly Nilson reproduces Lundstrom's analyses (No. 10) of the mineral 
called Bjelkite by Nordeuskiold, the composition of which is represented by the 
formula FePb=Bi“S* = 3RS,Bi®S®. The only other sulphur salts found in Sweden are 
Geocronite, Bovlaiigerite, and Kobellite. 



S 

Sb 

Bi 

Pb 

Fc 

Cm 

Ag 

Zn 



1. 

23-56 

26*85 

— 

— 

0*95 

41*06 

6*16 

0-71 

=3 

99*29 

2. 

23-68 

26*96 

— 

— 

0*81 

not det. 

5-78 

0-64 


— 

3. 

23-47 

26*70 

— 

— 

0-83' 

35*70 

6-07 

5*42 


98-19 

4. 

24-16 

27*48 

— 

— 

079 

36*53 

6*16 

4-73 

= 

99*84 

6. 

22-78 

26*13 

— 

— 

2*84 

36*96 

6-07 

4-72 

= 

99-50 

6. 

30-35 

25-01 

— 

— 

1*82(*) 

33*23 

3-12 

6-47 


100 

7. 

29-72 

25*18 

— 

— 

l-92(*) 

32-76 

3-71 

6-71 

= 

100 

8. 

10*39 

— 

68-40 

17*90 

1-62 

— 

— 

— 


100-96C 

9. 

16-61 

— 

50-50 

28*62 

2*43 

— 

— 

— 

= 

100(>) 

10. 

17*83 

— 

39-40 

37*64 

5*13 

— 

— 

— 

S3 

100 

i;. 

17*74 

— 

33*82 

38*26 

6*18 

— 

— 

— 

= 

100 


(’) Contaiuing Cobalt. (*) Including 3*15 per cent. Se and 1 'SO por cent, gungue. O Including 
1-84 per cent. So. 

Fahl-ore from Brixlegg crystallised in rhombic dodecahedrons, and imbedded in 
heavy spar, has been analysed (1) by G. Untchj {Jahrb. f. Min. 1873, 80) and (2) by 
F. Becke {Min. Mitth. 1877, 273) with the following results : 


s 

Sh 

As 

Bi 

Cm 

Zn 

Ag 

F.1 


25*59 

20*44 

6*96 

— 

39*37 

4-13 


3*21 = 

100 

23*0 

17*0 

11*2 

0*4 

40*2 

3*0 

0-9 

4*2 = 

99*9 


Unlike most rhombic-dodecahedral fahl-ores, therefore, it is not a mercury fahl-oro. 

The decomposition-products of the mercury fahl-ore of Maschcllandshirg fin 
the Pfalz have been examined by F. Sandberger (Jahrb. /. Min. 1872, 646). This 
mineral (sp. gr. 5 095) contains, according to an analysis by Oellachor : 

S Aa Sb Bi Ca Hg Fe Co Zn Gangiic 

21-90 0-31 23-46 1-57 32-19 17*32 1-41 0*23 0-10 1*39 = 99*87 

Hence its proximate constitution may be calculated as : 

As’-S’ Sb»S» Bi’S* Cu*S ngS FeS <\.S ZnS 

0*51 32*81 1*93 40*31 20*09 2*22 0*35 0*15 

By decomposition the fahl-ore is converted into a light, lead-grey, porous mass, which 
qualitative analysis shows to con.sist of Cii’-S. The material filling up the cavities 
consists, according to an analysis by K. Prior, of 24*70 per cent. HgS, 46*85 Cu-iS, 
1*04 insoluble residue, and 27*41 FeCO* (determined by diflTorence). The iron- 
carbonate is evidently an accidental admixture, and the ratio of the cinnabar to the 
copper-glance (1 : 2 in the fabl-ore) is scarcely altered by the decompo.sition (1 : 1-9 
in the product) ; hut the sulplmjr-acids have been removed (probably by barium 
sulphide). The ultimate product of the decomposition is a mixture of malachite, 
stilbite, and cinnabar. 

Antimony fahl-ore, crysttillised in tetrahedrons and in crysUlline crusts 
3 mm. thick, from a well -shaft at Bourbonne-les-Bains, has been analysed by 
G. Krause {Arch. Phirm, [ 3], vi. 409) with the following result : 

S Sb As Cu Fe Ni Sn Sp. gr. 

23*44 26*40 trace 43*20 4*00 strong traces = 97*04 6*137 

f. 

On the Crystallography of Fahl-ore and its regular intergrowth with Copper- 
pyrites, see Sadebeck {Zeitschr. geol. Ges. xxiv. 173, 427; Jahrh. /. 1873, 801 ; 

further, Ann. Phys. Chem. [2], v. 678). '* 

TBTRABYDROZSOlbEPZDZir, See Lepidin (p. 1177). 

TSTRAZOBBTDBOXTBVXiPBOBBirUDB, SO-[C“H“P(OH)J‘. See 
OXYSULPUOBBNZIDE (p. 1475). 

c«H*ro 

TBTBAZODOBZPBBBTZiBZOBZDB,^^^^^^, apparently identical with 

the compound C*H*I*0, which Ltiutemann obtained by the action of alkalis on tri- 
iodosalicylic acid (v. 158), is formed by the action of iodine on phenol in alkaline 
solution. To prepare it, a boiling solution of 300 g. sodium carbonate in a litre of 
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water is mixed with 10 g. phenol, and then with 70-75 g. iodine (dissolved in a solu- 
tion containing. 45 g. potassium iodide); 30 g. more sodium carbonate are added to 
remove excess of iodine; the hot solution is filtered; and the red precipitate is 
washed first with water, then with alcohol, and repeatedly crystallised from carbon 
sulphide, in which it dissolves easily with deep red colour. It is insoluble in ether, 
benzene, and chloroform. By sodium-amalgam it is converted into di-iodo- 
diquinol, C*H.*IOH.C®H*IOH ; by sulphurous acid into tetraiodo-diquiulK, 
(Kammcrer a. Benzinger, Ber, xi. 357). 

TBTRA-ZODOFKVORBSCSifnr. See p. 1909. 

TBTBA-ZSOBVTTliAXIICMONZUlIC ZOBZBB. See Tri-isobuttlamine. 

TBTRAMBTBn-AZiXiBirB, C'H*® = (OH»)2C=:C=C(CH»)*, is formed by 
tlie action of alcoholic potash on the chloride C‘H'“C1, which is produced by treating 
di-isopropyl ketone or isobutjprone, (GH®)'''GH.CO.CH(CII*)^ with phosphorus penta- 
chloride. This hydrocarbon is a liquid having a very disagreeable odour, boiling at 
about 70°, and forming an addition-product with bromine. The chloride, C'H^®C1, is 
a colourless liquid which boils between 118° and 120°, and has a density of 0*9513 at 
9°. The crude product of the action of phosphorus pentiichloride on isobutyrone also 
contains a dichloride, G'H^^Gl-, which, however, is ^‘onverted during distillation into 
the monochloride (L. Henry, Ber. viii. 400). > 

TBTBAMBTHYZiAMMOirZintt, N(CH®)^ According to Babutoau {Monit, 
ment. [3], iii. 451), the salts of this base, and those of tetramylammonium, exert a 
poisonous action on the animal organism simihir to that of curare. 

The chloride, N(GH‘‘)^Cl, is formed, together with trimethylamine hydrochloride, 
niethylamine, and methyl oxide, by he:iting sal-ammoniac with excess of methyl 
alcohol (Weith, Ber. viii. 458). * The ididc, well crystallised, has a density of 1*827 
at 17°, and 1*831 at 19 o° (Clarke, SiU. Am, J, [3], xvi. 401). It is perfectly stable 
at high temperatures (Hofmann, Bcr. vii. 526). On tcirmnethylammonium ferro- 
cyanide, FeCy'*t(CIl*)‘NGy |^+ 13IPO, see Methylamikbs (p. 1306). E. Fischer 
{Liebig's Annalen, xc. 1S4) represents it by the formula FcCy-H'[(CH*)<N]''* + 2ir‘^0. 

TBTRAMBTHYZiBBBZBWBS, =* C«H'‘'(CH»)^ On symmetrical tetra- 
metbylbenzene or dnrono,*[l : 2 : 4 : 5], see pp. 695, 1444. Another modification, 
distinguished as /3, is produced by heating a solution of 25 g. monobromomesityleno 
and 40 g. methyl iodide in benzene with 14 g. sodium : hence it must be the unsym- 
nietrical modification [1 : 3 I 4 : 6]: 

C®.CH®.II.CH».Br.CIl®.H -h CHH + Na= = C«.CHMT.ClP.Cn®.CH®.H + NaBr 4- Nal. 

When purified by fractional distillation over sodium, it is a liquid wliich has a faint 
pleasant aromatic odour, does not solidify in a freezing mixture, boils at 192°-194° 
(Durene is solid at ordinary temperatures, melts at 79°-80°, boils at 189°-191°). 
JJromine in excess converts it, with violent reaction, into a dibromo-derivative, 
C'®Il‘’Br®, which dissolves sparingly in cold, much more readily in. boiling alcohol, 
and sepamtes therefrom in .*<hining needles melting at 199° (Januasch, Ber. viii. 355). 

TBTBAMBTBYZBZAlBZpAZOBYBBZrZBlirB, C'2H«(CH®)«(NH>y*''N'*‘0, 
is formed by the action of alcoholic potash on the hydrochlorido of nitrosodimethyl- 
aniline, and crystallises in hro ,7n shining needles (p. 1309). 

TBTBAMBTBYZi - BZAMZBOBBWZOPHBBrOXrB, GO[C«H^N(Cn®)-]'^. 
See Ketones (p. 1153). 

TBTBAMBTBYZiBZAlMIZBOTBZPBBXnrXiMBTHAirB, 

C®H®.CH[G»H^N(CU®)2J2. 

This constitution is assigned by 0. Fischer (Ber. xi. 950) to the; condensation-product 
formed i y the action of zinc chloride on a mixture of bcnzaldehyde and dimethylanilino 
(^. 1308). The alcoholic solutions of its salts aro converted by oxidation into blue- 
green colouring matters. Its hcjcnitro-dcrivative forms golden-yellow needles molting 
at 200°. 

TBTBAMBTBYZiBZPBBWYZiCBBOBBTBAZrB, 

C>®H2>C1 « CH*C1— CH[G®H®(CH»)»p, 

is formed by the action o'f sulphuric acid on a mixture of xylene and dichlorethyl 
oxide, and is converted by dry distillation into tetramethylstilbene, G'"H‘". 

TBTRAMBTBYZiBTBYltBKB, (CH»)*C=:C(GH»)2. See Hexylenes 
(p. 1036). 
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^ TVTBAMSTBTXMBTBAira, C*H'‘aC(CU*)*. This pentane is formed by 
the action of zinc-methyl on tertiary butyl iodide, C(CH*)*I, and on dichloropropane, 
CH*.CCP.OH» (vii. 63, 1037 ; viii. 1499). 

TBTBAMSTBTXi-ROSANZXilirB KTBBOBROMZDB, 

C»®HXCH*)W,4HBr, 

is formed, according to Brunner a. Brandenburg, by the action of bromine on dimethyl- 
aniline (p. 1305). 

TBTBiLM[BTBn-RVrzOAZiXiOXi, G^<H^(CH»)«0». See Eufigallol 
(p. 1768). 

TBTRAMBTBn-STZBBBirB, ^ (CIP)*C«n*.ClI— CH.C«H»(CH*)-, 

is formed by the dry distillation of tetramethyl-dipbenylcliloret hane (p. 1913); crys- 
tallises after some time from the portion of the crude liquid product which boils 
between 326® and 340® ; and may be purified by draining, pressing, and rccrystallisa- 
tion from alcohol. It forms shining crystalline spangles, melts at 105° -106°, and 
volatilises without decomposition. It is moderately soluble in boiling alcohol, some- 
what more soluble in ether and in CJirbon sulphide. When dissolved in cither of these 
last two solvents, it unites directly with bromine, the solution after some time deposit- 
ing small shining needles, which ^re but very slightly soluble in ether or in carbon 
sulphide. ' 

Together with the solid tetramcthylstilbene there is formed a somewhat consider- 
able quantity of a liquid isomeric compound boiling at 335° ; it has not, however, been 
obtained quite free from dissolved stilbene. A solution of bromine in carbon sulphide, 
even when very dilute, is decolorised by this liquid coihpound, with evolution of 
hydrogen bromide, and after filtering from traces of tet ramothyl-stilbeno bromide, 
there remains a colourless oil which does qot solidify even after prolonged contact 
with the air. 

Xylene prepared from par&bromotolueno yields, when treated with dichlorothyl '' 
oxide and sulphuric acid, a tetramethyldiphenylchlorethano, from whicJi, by dry dis- 
tillation, there is obtainetl a large quantity of a liquid and a small quantity of a solid 
tetramethylstilbcne, th(5 lattiT, however, being not identical but isomeric with that 
above described, inasmuch as it crystallises in shining laminm melting at 1 57°* 

Solid tetramethylstilbcne (m. p. 105°-106°), boiled for twenty-four hours with 
dilute nitric acid (1 vol. HNO* of sp. gr. 1*4 and 3 vol. water), yields [1:2:4] xylic 
acid (CO-H in 1), molting at 122°: conseqnently tetramethylstilbcne from coal-tar 
oil consists for the most part of the modification in which the Cll-groups occupy the 
position 1, and the methyl-groups the places 2 and 4 : 


CH* cn* 



TBTRAMOmBZBB, W*, is formed by the action of dilute sulphuric 

acid on morphine, first at 100°, and .afterwards at 140® (vii. 821) ; also by tlio action 
of sodium eiylate on a solution of tetrucotylmorphino in benzene (Beckett a. Wright, 
Che?/i. Soc. J, xxviii. 323). 

TBTRABAPBTBOZi - BBMZAUrHTDBZBE - PTBOMBZiXiZTBZC 
ACZDf See Pyromkllitic Acids (vii. 840). 

TETBAM'ZTBO-ABTBBAFZA.VOXrE, C'<H\'N02) '0«, is prepared by heat- 
ing 6 g« anthraflavone (p. 107) with 160-160 g. nitric acid sp. gr. 1'4 in a reflux 
apparatus till the whole is dissolved, and separates on cooling and dilution with water 
in shining yellow needles which melt at 307't'^ (corr.) with explosion and combustion. 
In water, especially when hot, it dissolves readily with yellow colour ; in qleqhol and 
ether with red colour ; from its yellow alkaline solutions it is precipitated iv nr-ids. 
Strong nitric acid converts tetranitro-anthraflavone into a compound which is nb't 
precipitable by water, and crystallises in yellow plates. Tetraniteo-anthraflavono 
sometimes remains unaltered in dry air, sometimes turns red on the surface. It 
absorbs dry ammonia gas, forming a light red compound, C*W(NO‘‘*)^(NH<)*0^2NH^ 
which gives off 1 mol. ammonia over calcium chloride, and 2 mol. when heated. 
C*^II“(NO*)XNH*)®0^ is a dark-red body which dissolves readily in water, the solution 
when exposed to the air emitting a faint musk-like odour, arising from decomposition 
of the salt, which takes place with deposition of free tetranitro-anthraflavone. Prom 
the aqueous solution of the ammonium salt, silver fluoride or nitrate throws down the 
compound C^^H*(NO'‘')^i\g*0^ in slender brownish needles having a silky lustre. With 
sodiwmramalgamt and with tin and hydrcchlorUi acid, tetranitro anthrailavone yields 
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ill-defined or easily decomposible compounds. The mother-liquors of the preparation 
of tetranitro-anthrafiavone contain trinitro-hydroxybenzoic acid (F. Scnardinger, Bw* 
viii. 1487). 

TBTBAWXTRO-AZOXTBBirz&irB, C*2H«(N02)<N20, is formed, with ener- 
getic action, when diphenylthiocarbamide is added by small portions to fuming nitric 
acid, and on pouring the solution into water, boiling the resulting precipitate with 
alcohol, and crystallising the residue from strong nitric acid, the tetranitro-compouml 
separates in yellow crystals (A. Fleischer, Ber, ix. 993). 

TBTBAiriTBO - BBlTZYliTOXiUEBE, See Toluene 

(Benzyl-). 

TETBAXrZTROCABBAETZEZBE, CO[NH.C«H*(NO*)*]* (Losanitsch, Ber. x. 
690 ; xi. 1539). This compound is formed by the action of nitric acid on thiocarb- 
anilide or dinitrothiocarbanilido. It is insoluble in water, slightly soluble in alcohol 
and ether, and crystallises from solution in hot nitric acid in yellow needles, melting 
at a temperature above 200°. With alkalis it forms red salts, from which it is pre- 
cipitated by acids. When drenched and afterwards boiled with alcoholic potash, it 
yields the potassium salt CO[NK.C®lI=‘(NO“)‘-J‘*, which is red when first prepared, but 
afterwards turns green, and is converted, by contiict with water at ordinary tompeni- 
tures, into a red compound, at the boiling heat into yellow precipitate consisting of 
dinitraniline. The potassium salt is decompose^ in a similar manner in alcoholic 
solution. Acids also act upon it in like manner, but in this case the greater part of 
the product is reconverted into tetranitrocarbanilide. The* potassium salt, when 
heated, decomposes with explosion, formation of hydrocyanic acid, and separation of 
carbon. Tetranitrocarbanilide likewise unites with other bases, but the resulting 
compounds arc very unstable, tlio yellow needles of the calcium salt falling to pieces 
as soon as they are removed from the mother-liquor, and the red ammonium salt 
decomposing when its solution is heated.' The stetion of aqueous potash on tetranitro- 
carbanilido is different from that of alcoholic potash. 

Tetranitrocarbanilide may also be conveniently prepared by the action of hot 
strong nitric acid on diphenyl-guanidine, and on carbanilido ; but in this case there is 
also formed a small quantity of picric acid, together with a yellow body melting at 
204° ,which is found in the last mother-liquors, crystallises in spherical groups of 
noodles, and appears to be an isomeride of tetranitrocarbanilide. 

TETRAXrZTROCBRTSAZZMT, See Chrysazin, under Dioxy- 

ANTIIRAQITINONKS (p. 108)- 

TBTRARZTROCBRYSOPBARZC ACZD, Ci»H<’(NO^)^0*. This compound, 
originally obtained from chrysophanic add, is also formed by heating chrysarobin 
(p. 462) with nitric acid of sp. gr. 1*4 (Liebermann a. Seidler, Ber, xi. 1603), 

TBTRABTZTROCORAElJirPBTBAXiESiR, C^H>»(NO>)«0«. SceCOBALLlN- 

cHTHALEiN, Under Rosauuin (p. 1764). 

TETRARZTRO-/3-l>nrAPBTBYETRZCBEORETBA»rE, 

C“-H^®(NO^*CF. See Naphthalene (p. 1347). 

TETRAXrZTROBZPBESnrEAMXirE, Ci2H7(NO’‘)«N. See Fhenylaminbs 
(p. 1649). 

Tetranitrodibroimdiphe7iylamime, C‘*H®Br^NO®)*N, is produced by the action of 
fuming nitric acid on tribrjjmomethyl-diphenylamine, and crystallises from glacial acetic 
acid in yellow nacreous laminae or rhombohedral tablets. It does not appear, however, 
to have been obtained pure, as the product examined turned dingy green on exposure 
to the air, and varied in molting point between 235° and 242°. It exhibits acid 
properties (Gnohm, Ber, viii. 926). 

TETRARZTROFEVORESGEZxr, C^H®(NO^)*0®. See Fhthaleins (p. 1608). 

TF'*'*;ABrZTRORAPHTHAl.BRB, C'®H<(NO*)* (p. 1353). 

TETRAKZTROPBERTB SUZ.PBZDE, [C®H®(NO^)'‘‘]^S, is formed on pass- 
ing hydrogen sulphide into a warm alcoholic solution of chlorodinitrobouzene 
[1 : 2 : 4, Cl in 1] (p. 183), mixed with a small quantity of strong ammonia : 

2C«H*Cl(NO*)‘-' + 2NH» -i- n^S = 2NH®Cl + [C®H»(NO*)*]2S ; 

also by treating the same cklorodinitrobenzene with sulphide or hydrosulplnde of 
potassium. It dissolves sparingly in glacial acetic acid, and crystallises therefrom in 
yellow needles melting at 193°. It is nearly insoluble in benzene, alcohol, and carbon 
sulphide. Heated at 120° with fuming nitric acid, it is converted into a sulphone, 
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'which crystallises from glacial acetic acid in yellow prisms melting at 240^-241° 
(Beilstein a. Kurbatow, Bcr. x. 1993). 

TBTlUiirZTKO-OXTSV&PBOBSirZXDB, [C^H^CNO^OHJ^SO^ (p. 1476). 

TBTRAPBBSrYBBTBAirB, C“H« = = (OTP)2IIC.CH(C«H*)*, 

or (C®H*)*C.CH*(G®H*). This hydrocarbon is formed: 1. From /S-benzpinacolin 
(p. 1629) by the action of hydriodic acid and phosphorus (Thorner a. Zincke, B&r. 
xi. 65) : 

(C«H»)>C.CO.C«H» + 2H* = 11*0, + (C*H»)*C.C1P(C«H*). 

2. In like manner from benzpinacone (p. 1628) (Graebe, Ber. viii. 1064) : 

(C«H»)*(HO)C.C(OH)(C«H®)« + = 2H20 + (C®Hs)2CH.CH(C«H»)* ; 

(0«H»)2(C*H»0)C.CH(0H)(C«H») + 2H* = 2H20 + (0'»H*)®0.CHXC«H»). 

3. By the action of finely divided copper on thiobenzpinacone, 

(C«H*)*(HS)C.qSII)(C«H‘‘)^ 

in alcoholic solution (Engler, Ber, xi. 922). 

4. By heating benzophenone (diphenyl keteno) with zinc-dust (Stacdel, Liebig's 

AnnaUn^ cxciv. 307) : t 

2(C«H^CO.C‘»H») + - 2WO + (C«H»)2CH.CH(C«H^)*. 

6. By the action of copper on thiobenzoplienone, C*H*.CS.C*H*. This method is 
well adapted for preparing large quantities of tetraphenylothano. The thiobenzo- 
phonone is dissolved to saturation in boiling alcohol, *>and the solution is l)oiled 
for several liours in a reflux apparatus with copper precipitated by zinc ; or the thio- 
phenone may be mixed with several times ,its weight of copper, and tlie mixture 
distilled from a retort (C. Engler, Ber. xi. 926). 

6. By the action of sodium on diphonylchloromethane, CHC1(C®IP)*, the materials 
being boiled together in a reflux apparatus for four hours (Engler). 

7. By the action of zinc and strong hydrochloric acid on diphenyl carbinol, 
C®H*.CHOH.C®II®, dissolved in glacial acetic acid at the boiling heat (Zagoumeny, 
Liebig's AnnaUn^ clxxxiv. 174). 

Most of the above reactions are in favour of the symmetrical formula of tetra- 
phenylethane ; its formation from iB-benzpinacolin, on the other hand, is in favour of 
the unsymmetrical formula ; while the formation from benzpinacone affords no decisive 
evidence in favour of either formula, since the constitution of benzpinacone itself is 
still uncertain (p. 1628). 

Tetraphenylethane dissolves readily in carbon sulphide and in chloroform, from 
the latter of which it crystallises remarkably well. 

Tetraniirodiphenyletha'iie, C**H'®(NO*)^, is obtained by treating the hydrocarbon 
with nitric acid at ordinary tPinporalures ; it dissolves in aniline, and separates there- 
from in crystals. It is converted by reduction into an amido-compound. Tetraphcnyl- 
cthanc-sulpJmiic acid, C‘**H '“(80*11)*, is formed from the hydrocarbon by heating with 
ordinary strong sulphuric acid, and separates from alcoholic solution in crystals. Its 
barium salt, C““H'*(SO®)*Ba*, is an easily soluble crystalline mass. The phenol, 
C‘^*H'*(OH)*, is produced from the sulphonic acid by fusion with potash. When 
decolorised by animal charcoal, .and ciystallised fron\^ alcohol, to which water is added 
till the solution becomes turbid, it forms slightly coloured laminse melting at 248° 
(Lauenstein a. Kloz, Ber, xi. 929). 

TBTBAPHBXTTXiBTBTXiBXrE, = 02(C®IP)*. This hydrocarbon, which 
Behr obtained by the action of finely divided silver on diphenylketonic chloride, 
C“H*.CCRC*H* (vii. 1150), is also producyl by reduction of benzophenone with zinc- 
dust (Staedel, Ber, vi. 178 ; Liebig's AnnoJm, cxciv. 307), and by the. action of a strong 
heat on diphenylmonoehlorethane : 2(C*H*)*CHCl « 2HC1 + 0*(C®H^x(Engler a. 

, (C«nV^^ 

Bethge, Liebig's Annaleti, clxxiv. 194). It melts at 221°. Its oxide, I is 

(C«H*)2C^ 

probably identical with a-benzpinacoliu (p. 1629) (Thorner a. Zincke, Ber, xi. 1396). 

TBTBAPBBanrXiaVABZBWB, CH(C*H*)*N*. See GuANiDiirE (p. 90S). 

TBTBAPBBBYBl«BliAMXBB,C*'H**N* = C»H2(C®H»)*N« (A. W. Hofmann, 
Ber, vii. 1736). This compound is obtained by heating ^diphenylguanidine for several 
hours at UO^-lOO®: 

3CH*(G*n*>'N» - C*Ha(C®H5)*N« + 2C“H’‘NH* + NH» 
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The hard cake resulting from the reaction is dissolved in alcohol, and the solutionis 
either evaporated or precipitated -with water. The body obtained in either way 
gradually solidifies, but uftou only after a considerable time ; the solidification may, 
however, be accelerated by heiiting, solution in alcohol, and reprecipitation with 
water, or by solution in hydrochloric acid, and precipitation by an alkali ; and by 
repeatedly^ crystallising the crude crystalline mass from alcohol, the tetraphenyl- 
melamine is obtained in felted needles slightly soluble in ether, insoluble in watipr, 
melting at 217®. The hydrochlohride of this base forms elongated rhombic prisms ; 
the flatinochhrride rhombic needles ; iho nitrate slender needles. Tetraphenylmelamine 
is not altered by boiling with hydrochloric acid, whereas triphenylmelamine is easily 
decomposed thereby, taking up water and forming ammonia and phenyl cyanurate. 

TBT&APBSiarYXiMSTBAirs, is formed, with evolution of 

hydrogen chloride, when a mixture of benzene and carbon tetrachloride is heated 
with aluminium chloride, zinc chloride, or ferric chloride: 4C“H® + CCl'* — 4HC1 + 
(Fricdel a. Craft, J.pr. Cheni. [2 |, xvi. 233). 

TBTBAPBBVTBPBOSPBOTBZSUliPBXDB, P*S>(C*H^)^ is formed, 
together with isophosphophenylsulphide (p. 1675), by the action of dry hydrogen 
sulphide on phosphenyl dichlorido (p. 1576). 

TETBAPBBZrYB-TBTRAZOirB, (OH* ■ .N — N=:N~-N(C«1I*)*, is formed by 
oxidation of diphenylhydrazine witli mercuric oxifac at ordinary temperatures and in 
dilute solution (see Hyi)UAzini<:s, p. 1069). ^ 

TBTl..APZiATZirOSUIiPBOPZiATnrATS, Pt*S*, and TBTBA - 
PBATZBOSUXiPBOS^AnrirATE, Pt^Su8«. See Svlpiiidrs (pp. 1847, 1848). 

TBTBAPOTBTRAMOBPBZBB, = 4C»‘H»*N*0‘‘ - 4H“0, is 

formed by heating codeine with hydrochloric acid at 100° (vii. 375). 

TBTBAPROPYZiARSOBZVMC ZORZIIZS, A6(C*H0H. When propyl iodide 
is heated with arsenic at 176° 186° for twenty-four to thirty hours, a brown-red liquid 
is formed, which solidifies in the cold to reddish-brown crystals having the composi- 
tion AsI*,As(C*H^)H. This compound is decomposed by boiling concentrated potash- 
ley, with separation of an oil, and, after the excess of potash has been saturated with 
carbonic acid, absolute alooliol extracts from the product, tetrapropylarsonium iodides. 
The solution of this sjilt dissolvc-s iodine when heated, giving rise to a ptriodid^t which 
separates on cooling in blackish-brown crystals having a metallic lustre. On dis- 
tilling the compound AsI*,As(C*Jr)U with potash, tripropylarsine, As(C“H^)*, passes 
over as a very fetid 'liquid, wliich xinites directly with iodides of alcohol-radicles 
(Cahours, Compt. rmd, Ixxvi. 1383). 

TBTRAPROPYBPBOSPBOirZirM ZODZBE, P(C*H’)H. See Phosphinks 
( vii. 956). 

TETRATEREBSBTBER'E, C'"!!*'. is formed by the action of antimony tri- 
chloride on tcrobenthciio. It i.s an amorphous brittle solid resembling colophony, of 
faint yellow colour, almost iii.soluble in alcohol, soluble in ether, carbon sulphide, 
petroleuni, and turpentine oil, and remains on evaporating the solvent in the form of 
a yellow varnish. It is dextrogyrate ; q/= -h 20°. 8p. gr. at 0° = ()’977. It softens 
at about 1 00 \ and begins to d.ecompose at an incipient red heat, yielding a terpeire, 
C‘®H‘*, boiling at 176'^, colophene, and other high-boiling products soluble in 

alcohol. Pulverisc<l tetraterebonthene absorbs oxygen from the air, especially whan 
heated, but does not produce an acid. It absorbs dry hydrogen chloride, forming 
C^®H®*,11C1, and when hydrogen chloride or bromide is passed into its ethereal solution, 
the compound C‘®U®‘,2HC1 or C'®lI®^2HHp is produced. The dihydrochloride remains 
on evaporating the ethor, and heating the residue in a vacuum at 100°, as a brittle 
easily fri?blo mass (Riban, Compt. rend. Ixxix. 389). 

■rETRATBZOlirze ACXB, H=S*0®. See Sulphur, Acid.s of (p. 1882). 

TETRATBZOPBOSPBATE, TRXPBEBYBZC, PS(SC®H*)®. See Fiios- 
PHOBIC Etheks (p. 1003). 

TETRATOBYXiMEBAMZErE, G^H^(C^7P)^N®, is prepared, like the corre- 
sponding phenyl-compound, by the action of heat on ditolylguanidine, and is obtained 
as a resin which slowly acquires a crystalline structure. Its hydrochloride crystallises 
in concentric groups of slender needles (Hofmann, Her. vii. 1736). 

TETRETBYB - CARBAMZBE, N(C2H*)3.CO.N(C*H*)*. See Carbamidps 
( p. 890). 
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TBTRnKT&-BlAllXDOBBirKOPBmon, CO[C«H^N(C<'H«)>p. See 
K^nes (p. 1154). 

' VBTBBTBTB-TBTBAZOn, {C*H»)*N.N=:N.N(C2H»)2. See Hydbazinrs 
( p. 1062). 

TBTBXC ACZB AWD ITS BOMOZiOGVBS (DGman;a 7 . Compt, rend, 
Ixxxiii. 449 ; Ixxxvi. 1085 ; Ixxxvii. 351 ; Ixxxviii. 126, 289 ; Bull, ^c, Ohim. [2], 
xxvii. 483 ; xxxiii. 516, 575; xxxiv. 31 ; C^m, 8oc. J, xxxy. 457-460 ; xxxvii. 625). 
These acids, represented by the general formula are formed by the suc- 

cessive action of bromine and alcoholic potash on the ethylic others of aceto-acetic 
acid and its homologues : see Heptic Acid (p. 1020). In the free state they have the 
composition 3C“H“‘*“*0* + H*0 or and this triple molecule may exist in 

their salts, barium heptato, for example, having the composition C=*^H*®BaO^ ; but it 
is broken up by the more powerful reagents, such as bromine, phosphorus pentachio- 
ride, &c. 

Tetric acid^ C*®*0’ = 3C^H*0*+H“0, is a colourless body crystallising fron> 
its aqueous solution in triclinic prisms. It is sparingly soluble in cold water, readily 
in hot water and in alcohol, ether, and a hot mixture of chloroform and , alcohol, but 
^ insoluble in chloroform alone. It melts at 189°, and, like its homologues, gives a 
violet -red colour with ferric chloride. 

On Heptic^ Pentic^ and Hexic see pp. 1020, 1499, 1501. 

These acids are decomposed by strong jiqueous potash at 150°, yielding formic 
acid and a higher acid ol the fatty series ; tetric acid, for example, yielding formic 
and propionic acids : 

. C*H<0* + 2KOH = CHKO^ + C»&»KO=. 

They are said to form remarkable salts, in irhich the radicle C'H^O^, &c., act* ^ 
like silica, several molecules uniting with one or more molecules of a base. With fuming , 
nitric acid, they yield nitro-dtfxivativcs. In sulphuric acid they dissolve witliout • 
decomposition oven at 100®. When treated with chlorine or* bromine, th^ibrm 
additive compounds which are not decomposed by water. Nascent hydrogen (BZE notT 
act upon them. 

By the action of phosphorus pentachloride on tetric acid, an oily chlorinated pro- 
duct is obtained according to the equation (3C^I1‘0’^ + H^O) + 4PC1® *= 211 Cl + 4PC1*0 + 
3C^fl^CPO. The oil may be separated from the other products by treatment with 
water, in which it is insoluble. It has a faint aronuitic odour, boils at 171°“172® 
with slight decomposition, and has a density of 1'471 at 10°. It unites readily with 
bromine or chlorine, forming the compounds C^H^Cl'llr'-O, m. p. 67°-67*5°, and 
C*H^CPO, m. p. 48®-48'5°. These are crystalline bodies, which are not decomposed 
by water, alcohol, ammonia, or potash, and probably consist of chlorobromo- and 
tetrachloro-ketones. Fuming nitric acid dissolves tho compound C ‘H‘Cl-'0, forming a 
nitro-acid. Sulphuric acid dissolves it with purple colour. 

The homologues of tetric acid form analogous compounds, resembling C^U^Cl^O in 
their chemical and physical properties. C*H®CFO boils at 189®-192®, decomposing 
at the same time. Its homologues are not volatile without decomposition. 

Bydroxytetrlc Acid and Its Bomologuas, 3C“H2®- ‘0* + IPO = O’*"!!®®' 

These acids, also called tetreniCj pentenic acid, &c., are formed by acting on the ethylic 
ethers of aceto-acetic acids with 2 mols. bromine, and treating the products with 
alcoholic potash (pp. 1020, 1499, 1501). 

Hydroxytetrio acid, 3C^H^O’ + H-0 (m. p. 20 3°-204°), crystallises from boiling 
water in small rounded masses formed of minute needles. It is very soluble in boiling 
water, alcohol, and ether, but is insoluble in chloroform, as are also its homologues. 

Hydroxypentic acid, 3C®H®0®+II-0 (m. p.,193®), behaves with boiling water like 
the preceding, but is loss soluble in cold water, and its crystalline form is diftereot. - 

Hydroxykexic acid, 3C®H®0* + H^O (m. p. 173®-174°), derived from ethyfii>propyt” ' 
acotoacetate, separates from its solution in boiling water in very small na<Krt»^f^ 
plates. • f-'- • 

Isohydroxyhexic acid (m. p. 186®-! 87°), derived, in like manner, from 
isopropylacetoacetate, separates from alcoholic solution in fine monoclinic crystui; 

All these acids easily decompose carbonates. Their salts correspond with the 
formula (for hydroxytetric acid) SC^IPMO^+M^O, and are generally well crystallwc^^ 
The copper and silver salts are but slightly soluble in watorr ' ' 

The acids are easily converted into ethereal salts by treatment with alcohol gt,. , 
160®. Nascent hydrogen is fixed by them thus : (3C*H<0» + 3H*0) + 3H« = ; 

3H*0. The hydro-hydroxytetrio acid thus obtained (m. p. 111°), crystallises easily in 
iiklistinct masses, and is very soluble in water, alcohol, and ether. Ita homolo^es 
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nre less and less soluble in cold water. Those bodies on treatment with alcohol at 
150 ^ are converted into ethereal salts having a faint and agreeable odour. 

Phosphorus pentachlorido acts on hydroxytetric acid and its homologues, ip the 
manner shown by tho equation (3C^H^O* + H-0) + 7PCP = 7POCP + 6HC1 + 3CWCPO. 

The chlorinated oils from the liighor homologues are attacked by water with 
difficulty, but hydroxytetric chloride is easily attacked by cold water. These chlori^s 
cannot bo distilliKl at the ordinary pressure without decomposition. They react with 
alcohol in two stages, the first being represented by C*B.*CPO + 2C^H®0 = 2HC1 + 

* This reaction place on dissolving tho chloride in a largo 

excess of cold alcohol ; if ammonia be then added, tho following reaction occurs : 
C<U®ClO(OOTl^)'^ + Nil* = HCl + C^1P(NH-^)0(()C2H5)*. This amidatod ethereal salt 
crystallises easily in large satiny needles, slightly soluble in cold water. 

Tho second stage of the action of ^cohol on these chlorides is represented by 
tho equation 0WC10(0CTP)2 + HOC-’H* = + HCl; and if the 

alcohol contains water, tho following reaction also occurs : C*H*0CI(00*II®P + H*0 = 
0*I1*0(H0)(0C‘^H*)''' + HCl. This last ethereal salt is also produced in a stato of 
purity by prolonged boiling of the amidatod ethereal salt with water. 

These ethers, when treated with aqueous ammonia, ultimately yield an amide, 
which is also obtained as tho final product of tho action of aqueous ammonia on tho 
chloride of the corresponding acid, e.g. : 

3C*HWO + 2U20 + 5NH3 = Oftth + 

Tho body C‘*H®(NH''‘)*0® thus produced is the true amide of hydroxytetric acid. 

TSUCRlXTy A gliicosido obtained from Teucrium fruticanSf a Sicilian 

plant used as a remedy for ^intermittent fever. Nitric acid converts it into a crys- 
tallised acid having the composition C"IIW (OgHaloro, Giu^s. ckim. ital. viii. 440). 

TBAXilLEWE. A solid hydrocarbon, isomeric with antliracone, obtained from 
the last products which pass over in the . distillation of American petroleum. It is 
tdistinguished by a splendid green fluorescence, and ^hen illuminated by violet and 
ultra-violet light, exliibits a fluorosconce-spectrura containing light green bands 
(H. M(^on, dfwm. News, xxvi. 199, 272; xxxiv. 18 i;PkU. Mag, [4], xlvi. 89; Chera, 
Soc, J, xxvi. 235; xxvii. 14 ; xxxii. 422; Jahresb.f, Chem, 1872, 150 ; 1873, 158). 

TBikEEZUM. Atomic Weight 203*642 (Crookes). 

OoGwrence, — Thallium is found in tho form of an alum on tho island of Vulcano 
(see MiifERALS, p. 1331). 

Preparation, —A method of separating thallium from tho flue-dust of pyrites- 
burners, depending on tho formation of thallium-aliim, is described by F. JStolba 
{Ber. d, Kbnigl. bo/m, Gescllsch. d. Wissenschafteny Nov. 7, 1873), The flue-dust is 
first separated from extraneous matters by passing it through a coarse sieve, and then 
boiling it witli water acidified witli sulphuric acid. Tho pasty mixture is thrown on a 
large filter, and after tho dropping has ceased, hot water is added with vigorous 
stirring. The wash-water serves, after acidification, for lixiviating a fresh portion. 
The first tolerably concentrated filtrate is evaporated to the crystjillising point in very 
shallow bfisins, when, on cooling, large beautiful reddish crystals of thallium- 
aluminium-iron alum are formed. The mother -liquors, after addition of .aluminium 
knlphato, and one more evaporation, yield a small quantity of mixed alums. The last 
mottier-liquors, with the washings of the crystals precipitated by emdo hydrochloric 
acid, deposit a very small quantity of thallium chloride. The crude thallium-alum 
crystals are twice crysfcilliscd from au aqueous solution acidified with sulphuric .acid, 
whereby a pure alum is obtained, yielding pure metallic thallium when treated with 
zinc and dilute sulpliuric acid, and pure tlmlliiim chloride on treatment with hydro- 
chloric acid. Crude thallium chloride may also bo first prepared, converted by sulphuric 
acid into sulphate, and then by means of aluminium sulphate into thallium alum, 

. which is purified by rccrystallisation. The first-named method is, however, the more 
boQVeniont, the decomposition of the ehlo;pido by sulphuric .acid being troublesome. 

alum is much more readily soluble in hot than in cold water: hence the 
Udf’ilsitajgo gained by the conversion of the raucli less soluble th.allious sulphate into 
;t^ ocn:^onding alum. 

method of preparation is described by R. Nietzki {Dingl.pol, J, ccxix. 
2jS2). . The th.allious chloride obtained from tho flue^ust by precipitation with hydro- 
b^onc acid is mixed with acidulated water, and a few strips of zinc are immersed in 
’ higtiid, whereby, in the course of a few days, the entire quantity of thallious 
c|£tp^e is converted into a muddy deposit of metallic thallium, which is then washed 
and^dii^Bolved in dilute sulphuric acid. From this solution, pure thallious sulphfite 
■*hiay be obtained by crystallisation, and this salt, when decomposed by the electric 
current, yields pure thallium. 
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Heat of Solution of Thallium-compounda. — ^Tlie following determinations have been 
Inade by Thomsen {J, pr. Chem. [2], xix. 13) : 

Grm. deg. Grni. deg. 

(TlCl,Aq) - - 10100 Tl*0,Aq - - 3080 

(TlBr,Aq) - - 13750 TPS.Aq = - 33770 

(TlI,Aq) - - 17850 

Reactions, — 1. Thallious chloride is very easily converted into by 

adding it to fused sodium-hydrogen sulphate, or to a solution of sodium sulphate of 
3®-6® B. From the resulting solution, after slight ncidulation, the thallium may bo 
precipitated in the metJillic state by zinc (Krause, Dingl.jtol. J. ccxvii. 323). 

2. When thallic oxide, Tl'-O*, is mixed with about an eighth of its weight of 
stannic sulphide prepared in the dry way (mosaic gold), a mixture is obtained which, 
when rubbed with moderate force, or touched by an electric spark, takes fire and 
burns quickly without detonation (Bdttger, N. Rep. Pharm. xxiv. 243). 

3. According to Schono {Bull. Soc. Chim. [2], xxix. 538), hydrogen dioxide, either 
liquid or gaseous, converts thallious oxide into a brown oxide insoluble in water. 
Consequently the brown coloration of an ozonoscope impregnated with thallium cannot 
be regarded as a proof of the presence of ozone, since former experiments of Schbne 
have shown that hydrogen dioxide is always present in the air. 

Blowpipe Reaction. — ^Thallium salts, fused with borax and phosphorus salt, form 
colourless glasses, wdiich become gtey and opaque when heated for a short time in the 
reducing flame (E. J. Chapman, Phil. Mag. [5], ii. 307). 

Estimation. — According to Phipson {Compt. rend. Ixxviii. 563), thallium cannot be 
exactly estimated in the form of a thallic compound, but must first bo reduced to the 
thallious form. For this purpose the solution of a thalliWous mineral in iiqua regia 
is treated, after sufficient dilution, with hydrogen sulphide ; the filtrate is heated to 
boiling, as far as possible out of contact with the air, to oxpel the excess of the re- 
agent ; then mixeef with a slight excess of sodium carbonate, and quickly filtered ; and 
the filtrate is treated with ammonium sulphide, which precipitates the thallium com- 
pletely as thallious sulphide. 

Nietzki {Zeitschr. anal. Chem. 1877, 422) estimates thallium by means of the 
insolubility of thallious iodide in a concentrated solution of potassium iodide. From 
dilute solutions the thallium is first precipitated by potassium iodide ; the precipitate 
is collected on a filter, and treated with sulphuric acid till the whole of tlie iodine is 
expelled ; and the concentrated solution thus obtained is titrated. 

On the separation of Thallium from Vanadium, see Vaxadiu.u. 

Thallious Chloride, TlOl. Carnelley a. Williams, by the method already 
described (p. 941), found that this compound boils between 719° and 731°. At a 
lower temperature it melts to a pale yellow liquid, changing to cherry-red, and finally 
again to yellow. 

The vapour-density was found by Roseoe {Proc. Roy. Soc. xxvii. 426) to be between 
7*4 and 8*75, the calculated value for TlCl being 8*49. 

Zodidos. Thallious Iodide, Til, boils, with slight decomposition, at 806°-814° 
(Carnelley a. Williams). 

The following observations on the iodides of thallium have been made by Th. 
Knosel {Ber. vii. 576, 893). When yellow thallious iodide (v. 751), precipitated from 
a hot solution, is suspended in the liquid and exposed J^o direct sunshine, it turns green 
without change'of composition, the yellow colour being, however, restored by various 
reagents, eg. iodine-water or potassium iodide. The dry green substance, when 
heated, first turns yellow, then at a higher temperature orange-red, and by fusion and 
sublimation red transparent granules are obtained, which after some time become 
yellow. By contact with iodine, the green compound is converted into a black iodide 
containing, according to Kiiosers analytf^, 54*455 per cent, thallium, whence he 
deduces the formula TIT®. This, however, requires 51*71 per cent, thallium, and the 
experimental number agrees much better with Jorgensen’s thallosothallib io^dc, Tl*l* 
(v. 1151), which requires 54*6 per cent. 

Tballlum Cjaaldes. Sec Cyaniuks (p. 611); on Thallious Flatinocyanide, 

p. 616. 

Tballtum-efliyl Sulpbide* or TbaUlam bSercaptldef T1.S.C®H®, is formed 
on agitating a solution of thallium carbonate with mercaptan, as a yellow curdy pre- 
cipitate which dissolves in water with alkaline reaction, qxidises on exposure to the 
air, slowly at ordinary temperatures, more quickly when heated, and is decomposed 
by acids, with evolution of mercaptan (Claesson, J. pr. Chem. [2], xv. 193). 

Thalllum-dletliyl Compounds (F. C. Hartwig, Ber. vii. 298 ; Liebig's As- 
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nalen, clxxvi. 267). The chloride, T1(C*I1*)*C1, is produced when an ethereel solution 
of thallium trichloride, prepared by the action of chlorine on thullious chloride 
suspended in pure and dry ether, and freed by carbon dioxide from chlorine, hydrogen 
chloride, and the products of the action of chlorine on ether — is slowly added to 
zinc-ethyl mixed with twice its volume of ether ; and by washing the product with 
water and crystallising it from boiling water, the pure chloride is obtained in beautiful 
shining scales. It is somewhat altered by exposure to light, and decomposes witli« 
slight detonation when heated to 190°, yielding thallious chloride and a combustible 
gas. The estimation of the thallium in tliis compound is best effected by mixing 
it in a beaker with nitric acid, neutralising with sodium carbonate, precipitating the 
concentrated solution with potassium iodide, washing the precipitated thallium iodide, 
and drying it at 100°. 

The following salts were obtained by double decomposition between the chloride 
of thallium-diethyl in aqueous solution and the corresponding silver salts, except the 
iodide, which was prepared by mixing solutions of thallium-diethyl sulphate and 
barium iodide, the thallium-diethyl iodide being then extracted from the precipitiite 
with boiling water. 

The sulphate, [Tl(C‘‘*IP)‘-']‘‘*SO\ forms needles grouped in sfcirs, is very soluble, and 
explodes at 205°. The phosphate, [Tl(C*H“)*]*PO\ forms needles which explode at 
189°, and are easily soluble in water or alcohol, but loss soluble in hot than in cold 
water. The nitrate, Tl(C*H*)*NO®, dissolves with diHiculty, and explodes at 236°. 
The acetate, T1(G‘'*H*)*.G=‘H*02, is easily soluble ii^water or alcohol, and crystallises 
in haird, slender needles, molting at 212°, and distilling almost* without decomposition 
at 245° ; when it explodes if rapidly heated. The iodide, T1(C*H*)*I, forms white, 
silky leaflets, which explode ^t 195°, and dissolve in 1,000 pts. of cold water. 

The hydrate of thaUiu'unrdivihyl was obtained in silky needles, by precipitating a 
solution of the sulphate with barium hydrate, and evaporating tlie filtrate. It ex- 
plodes if rapidly heated to 211°, and diss^dves more rejidily in cold than in hot water. 
The solution is alkaline, and on neutralisation with a^dds yields the salts already 
aoseribed ; it does not, however, unite with Ciirbonie acid. 

Thalliumdrieihyl does not appear to be produced by the action of thallium tri- 
chloride on zinc-ethyl, even when an excess of the hitter is employed, and the action 
of zinc-ethyl on thallium-diethyl chloride yields not tliallium-tri ethyl, but metallic 
thallium, zinc chloride, and a gas, which is probably a mixture of ethylene and 
ethane. The iodide of thallium-diethyl reacts in a similar manner. 

Tballlum-salloylanlllde, C^IP(OTl)GO.Nll.C”lP, formed by heating thallious 
hydrate with salicylanido, crystallises in faintly-yellowish shining lamina*, sparingly 
soluble in water, more freely in alcohol, nearly insoluble in ether (Kupferberg, J, pr. 
Chem. [2], xvi. 424). 

TKAPSZA. The root-bark of Thapsia gargmica and Th, Silviim has been 
analysed by Yvon {Pharm. J. 'Prans, [3], viii. 162), who found in the dry bark : 


Starch 

Th. tfsirgan. 

Til. Sllviiim 

. 22*61() 

26-124 

Gum 

. 5179 

5-421 

Gum-resin 

. 5769 

4-271 

Kesin 

. 2654 

3-192 

Albumin . 

, l*3o4 

0-624 

Ghalk . 

1-365 

1-368 

Magnesia . 

. 0-677 

0-697 

Iron . 

. 0-370 

0-224 

Alumina . 

. 0-338 

0-508 

Sulphuric acid . 

. 0-297 

0-300 

Phosphoric acid 

. 1-468 

1-919 

Chlorine . 

. 0-219 

0-420 

Silica 

. 2-715 

0-707 


44-805 

45-776 


TRAUMASZTZi. A mineral from the Areskustan mountain in Sweden, 
having, according to an analysis by G. Liiidstrdm, the composition 
CaSiO*,GaSO*,CaSO®,14H*0 (A. E. Nordenskidld, C(ynipt. rend. Ixxxvii. 313). 

TBSSAZRE. This alkaloid, treated with excess of acetic anhydride, yields an 
amorphous base, probably a polymerised body, which dissolves in ether, and forms 
an amorphous hydrochloride and platinochlorido (Beckett a. Wright, Chem» Soc, J. 
xxix. 652) 

Thebaine, treated with sulphuric and iodic acids, assumes a violet colour, which 

Voi.. VIII. 6 U 
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however disappears on addition of sodium carbonate (Selmi, Monit, Scimtif, 
1878, 692). 

On the Detection and Estimation of Thebaine in mixtures of Alkaloids, see PLXirr- 
BA.9ES (p. 1635). 

TBEOBBOimc ACZB, This acid, the highest known member of 

the fatty series, has been obtained by Kingzett {Chem. Soc. J, xxxiii. 38) from cacao- 
butter by saponification and fractional c^stallisation of the product. It melts at 
72*2^, distils without decomposition at a higher temperature, and becomes electric by 
friction, a property likewise exhibited by its. silver salt. Together with this acid 
there is obtained another fatty acid, having the composition of lauric acid, ; 

but it melts at 57*6°, whereas lauric acid melts at 43° : hence it is probably a mix- 
ture of an acid lower in the series than lauric acid with another of higher melting 
point than the latter. 

TBBOBBOMnrS, G^IDN^O'^. For the separation of theobromine from cacao, 
G. Wolfram {Dv*igl. poL J. ccxxx. 240 ; Chem, Soc. J, xxxvi. 406) recommends the 
use of sodium phosphotungstate. The aqueous infusion of the cacao is precipitated 
with a lead salt ; the precipitate, after removal of the lead by hydrogen sulphide, is 
mixed with sodium phosphotungstate, and this last precipitate is mixed with baryta. 
According to Trojanowsky {JDingl. pol. J. ccxxiii. 650), the proportion of theobromine 
in cacao varies from 1*2 to 4'6 per cent. 

On the Detection and Estimation of Theobromine in mixtures of Alkaloids, see 
PiANT-nASES (p. 1635), 

TBEBMOBTBikMZCS. When heat is given to or taken from a body, there 
is caused in general a change of the temperature and volume of tlie body, and of the 
stress produced by it on the bodies with which it is in contact : in what follows, unless 
in special cases, this stress will be taken to be due to a uniform pressure over the 
whole of the bounding surface. The relation between the simultaneous changes in 
the three conditions mentioned can be expressed by help of three coefficients — namely, 

(i) The coefficient of expansion under constant pressure; (ii) The coefficient of 
increase of pressure at constant volume; (iii) The coefficient of volume-dasticity at 
constant Umperature. These coefficients are defined as follows : 

(i) . Let V be the volume of unit-mass of substance at temperaturo t, and dv the 
increment of volume which takes place when the temperature is raised from ^ to / + dt^ 
the pressure remaining constant ; then tlie coefficient of expansion under const ant 
pressure is : 

a = - . (1) 

V dt 

(ii) . Similarly, let p be the pres.suro per unit of surface of the body at temperature 
/, and/j+rfp the pressure per unit of surface -wlien the temperature is + the 
volume remaining constant, then the coefficient of increase of pressure at constant 
volume is : 

fl _ 1 m 


(iii). If the volume diminishes from i; t,() u — rfu wlien the pressure per unit of 
surface increases from p to p-\-dp^ the temperature remaining constant, the co- 
efficient of volume-elasticity at constant temperature is : 

• - - • 2 • • • • ■ • « 

According to (1) the change of temperature accompanying an infinitesimal change 
of volume cZi; at constant pressure is ^ according to (2) the change of tein- 
perature accompanying an infinitesimal change of pressure dp at constant volume is 
^ Consequently, if both volume and pressure undergo infinitosiny»J^^angrs 

without any alteration of temperature taking place at the same time, the alteration 
of temperature which would have resulted had volume only been changed must be 
equal and opposite to that which would have resulted from change of pressure only ,* 
that is, if the change is ‘ isothermal,’ 

^ = 0 ; 

av fip 

whence, by (3), 

fi - — 

- p ' dv p 


(0 
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The relation expressed by equation (4) is of importance, since the coeflElcient jS is 
not accessible to dir^t experiment, except in the case of gases, whereas a and c can 
both be found experimentally for solids, liquids, or gases. 

In order to express the connection between the quantity of heat lost or gained by 
a body during given changes of its temperature, volume, and pressure, certain ad- 
ditional coefficients are required, which, to distinguish them from the three abov^ 
defined, may be called ealorimetrical coefficients. A change of temperature is in 
general determined when the simultaneous changes of volume and pressure are given ; 
similarly, a change of volume is detoruiiued by the simultaneous changes of tempera- 
ture and pressure, or a change of pressure by the simultaneous changes of temperature 
and volume. Hence a giiren alteration in the state of a body may be specified in 
terms of changes in any two of the three conditions in question. Thus, if an infinitely 
small quantity of heat dQ, is impirtod to unit-mass of a body occupying the volume 
at temperature t and under pressure we may, by the use of appropriate coefficients, 
express the result either as a change of temperature and volume, as a change of tem- 
perature and pressure, or as a change of volume and pressure, as follows : 

(IQ ^ cdt + I dv (5a) 

— C dt + h dp ..... (5^) 

K dp + \dv (56*) 

Of the six coefficients here introduced, two, nameiiy, c and C, are well known, the 
funner under the name of the specific heat at comtant volume^ gnd the latter as the 
specific heat under cmistant pressure ; I is sometimes called the latent heat of expatmon 
at constant temperature. In like manner K might be called the heat of expansion 
under constant pressure, h thb latent heat of increase of pressure at constant tempera- 
ture, and K the heat of increase of pressure at constant vohime. It is to be noted that 
all these coefficients arc mathematically of the nature of partial differential coefficients. 
They are not really independent magnitudes, but, as will be shown further on, the six 
cJorimetric coefficients defined by equations (6), together with the three previously 
defined, may be reduced to three, and can thus be expressed in terms of a, e, and C, 
the only ones which have hitherto been determined by direct experiment. 

The science of Thermodynamics has reference, in the first place, to the mutual 
relations and reciprocal transformations of mechanical energy and heat, or thermal 
energy. But, since energy of every kind can be expressed in terms of mechanical 
energy, the conclusions of thermodynamics in the widest sense are applicable to 
electricity and other branches of physics which have not yet received a purely 
dynamical interpretation. Many results of the greatest scientific importance have 
indeed been arrived at by this extended application of thermodynamical principles, 
but in this article it i.s not proposed to discuss the relations between heat and any 
other form of energy than the mechanical. This restriction is to bo borne in mind in 
considering some of the general statements that follow, which, if taken in the widest 
.sense, would not bo true without qualification. 

In numerical statbmonts as to quantities of work and energy, we shall adopt the 
system of absolute units based on the employment of the Centbmter, Gram, and ^cond 
as unite of length, mass, and time respectively — the system known as the C.G.S. 
system. In accordance witli this, tho ujiit of force is the force which, by acting for a 
second upon one gram, can change its velocity by one centimeter per second. This 
force is called a dpie. Tho force with which a gram at the sea-level is urged towards 
the centre of tho earth by tho resultant effect oHho earth’s attraction and the cen- 
trifugal force due to tho earth’s diurnal rotation— in other words, tho weight of a gram, 
— varies from 978- 1 dynes at the equator to 983T dynes at the poles. One million dynes, 
called a megadyne, is roughly 2 per cent, more than the weight of a kilogram. Tho 
unit of work, founded upon the same fundamental units, is the work done when a force 
of one dyne acts through a distance of ouo omtiractcr. This amount of work is called 
an erg. One million ergs — otherwise a megalerg or megerg — is about 2 per cent, 
more than 1 kiiogram-centimetor ; 1 kilogram-meter is about 2 per cent, less than 
1000.r..*egaiergs. Tho energy of any body or system of bodies is estimated numerically 
by tho amount of work done by tho body or system of bodies w'hen tho energy is 
expended, or thsit must have been done upon the body (or bodies) to impart to it the 
energy actually possessed by it. The erg is thus the unit for energy as well as for 
W’ork. Accordingly, the systematic unit for the numerical expression of quantities of 
heat is the quantity capable of generating an erg, or w’hicli is produced by the expend- 
iture of an erg ; but, as tho strtoment of quantities of heat in terms of this unit im- 
plies a knowledge of the so-called Mechaniciil Equivalent of Heat, wo shall usually 
express quantities of heat by reference to the amount of heat needed to raise tho tem- 
perature of 1 gram of water by 1 degree centigrade, and shall call this quantity 
1 gram-degree of heat. Since, however, the specific heat of water is not constant, a 

6 K 2 
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gram-degree is not a perfectly deiinito quantity of heat except at an assigned tern 
porature. When the term is used without qualification, it may be taken to mean the 
quantity of heat needed to raise the temperature of a gram of water from 0° C. 
to r C. 

The science of Thermodynamics is based upon two experimentally ascertained 
principles. The first of these may be stated in the following form : — 

I. When mechanical work is done or mechanical energy is expended without pro- 
ducing mechanical energy numerically equal to itself, there is generated a quantity of 
heat which is proportional to the difference between the quantity of work done, or of 
energy expended, and the mechanical energy produced; and, conversely, when 
mechanical energy is produced or mechanical work is done without the expenditure of 
an equivalent amount of mechanical energy, a quantity of heat disappears which is 
proportional to the difference between the energy produced, or work done, and the 
energy expended. Moreover, in both cases the ratio of proportionality is the same ; 
that is to say, the number expressing the ratio between the excess of mechanical 
energy expended over mechanical energy produced and the quantity of heat generated, 
in the one case, is the same as that which expresses the ratio of tlie excess of energy 
produced over the energy expended to the quantity of heat which disappears in the 
other case. 

An example or two may make the exact meaning of the above statement more 
evident. Thus, if a body of mars m descends through a height k, the earth exerts 
upon it a vertical force, =mg^ during the descent (if g stands for the intensity of 
gravity), and consequently a quantity of work, = mg h, is done upon the body. If the 
descent takes place by the body falling freely in a vacuum, it receives an increment of 
kinetic energy, (where is the change in the^‘ square of its velocity), such 

that 

=^mgh. 

In such a case, then, mechaftical energy is produced, which is numerically equal ,to 
the work done in producing it, and accordingly there is no loss or gain of heat. If, 
however, the descent of the body, instead of being free, were impeded by friction— as, 
for example, when a stone slides down a rough plank— the body would not receive so 
great an increment of velocity as before, and hence its gain of energy would not be 
equal to the work done. Accordingly a quantity of heat, Q, would be generated, such 
that 

J Q - 7)1 gh — v\ 


where v* is again the change in the square of the body’s velocity, and J a numerical factor. 
Again, if a body is thrown upwards in a vacuum with velocity v, it rises to a height 

% = , and thus gains a quantity of potential energy, ingh^ which is numerically 

equjil to the kinetic energy, v% which it loses, and in this case no heat appears or 
disappears. But if a body is started with initial velocity vj along a rough level 
surface, it will, if no work is done upon it, lose kinetic energy without gaining 
potential energy ; or, if work is done on the body so as to keep its velocity constant, 
there will be expenditure of work without gain of either kinetic or potential energy : 
in either case a quantity of heat is produced proportional to tho loss of energy, or to 
the expenditure of work, respectively. 

On the other hand, a steam-engine can do work, or produce mechanical energy, 
without any corresponding expenditure of mechanical energy, but while it is doing 
work a quantity of heat disappears which is in exact proportion to the work done or 
energy produced. 

The facts that the destruction of a given quantity of mechanical energy involves 
tho production of a definite quantity a** heat, and that this same quantity of heat 
disappears when the same given quantity of mechanical energy is generated, is com- 
monly expressed by saying that heat and mechanical energy are mutuUlly convertible. 
When mechanical energy is destroyed, the number which expresses tie pf the 
quantity destroyed to the quantity of heat that appears in its place, or, when me- 
chanical energy is generated, the number expressing the ratio of the quantity generated 
to tho quantity of heat that disappears, is called tho Mecuaitical Equivalent of 
Heat. This number naturally has different values according to the different units 
adopted for expressing quantities of mechanical energy or of heat, but the ratio 
represented by it is essentially constant. 

II. The second fundamental principle of Thermodynamics has reference to the 
conditions which determine how much of a given quantity of heat can be converted 
into mechanical energy. In various ways it is possible for a body or system of bodies 
to go through a series of changes of pressure, volume, and temperature, being at tho 
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end of the series in exactly the same condition in all these respects as it was in at 
the beginning, but so that, during the process, more work is done b^r the body or 
system against external forces than is done by external forces upon it. Work is 
done hy the body or system when it undergoes a chiinge of size or shape in opposition 
to external forces ; and work is done uyon the body or system when its size or shape 
is altered by yielding to external forces. But, since at the end of the process the 
Yolume and shape of the body are the same as at the beginning, it follows that tl!e 
total distance through which the body has yielded to external forces is equal to the 
total distance through which it has overcome them. Consequently, for the work 
done by the body to exceed that done upon it, it follows further that the external 
forces overcome by the body must exceed those to which it yields. This is the same 
thing as the following shorter but more technical statement : The stress during de- 
crease of strain must he greater than the stress during increase of strain. This implies 
that increase and decrease of strain take place at different temperatures, for the only 
known way of causing the stress of a body to change while the strain remains constant 
is to change its temperature ; and, in order that this may be, heat must be supplied to 
the body during part of the series of processes gone through by it, and heat must be 
withdrawn during another part. If, as generally happens, increase of temperature 
causes increase of stress with constant strain — ^for example, increase of pressure with 
constant volume— heat must bo supplied while str viu diminishes — that is, while the 
body does work by changing size or shape in oppe^ition to external forces ; and heat 
must bo withdrawn while strain increases — that is, w'hile external forces do work 
upon the body by altering its size or shape. But if, as happens with water below 
4® C., or with a mixture of ice and water, increase of tempeKituiH under constant 
strain causes decrease of stiess, heat must be supplied during increase of strain and 
withdrawn during decrease of strain. In either case heat must be supplied while the 
temperature of the body is relatively hi'^li, and must be withdrawn while the tem- 
perature is relatively low. Moreover, the quantity of heat supplied must bo greater 
than the quantity withdrawn, for, since during the whole series of processes the work 
(lone by the body exceeds tlie work done upon it, and since the final condition of the 
body is the same in all respects as its initial condition, a quantity of heat propor- 
tional to the excess of the former quantity of work over the latter must, in accordance 
with the First Principle of Thermodynamics, disappear. Now, the Second Funda- 
mental Principle of Thermodynamics asserts that the CToatest possible proportion 
which the quantity of heat so disappearing and converted into work can bear to the 
total quantity of heat supplied, depends only on the temperatures at which the 
supply and withdrawal of heat respectively take place, and is quite independent of the 
nature of the substance or substances which undergo the series of changes supposed. 

This result is often referred to as ‘ Carnot’s Principle,’ it having l)een pointed out 
for the first time by Sadi Carnot (Hefiexions sur la puissance motrke defeu^ 1824), in 
a form which is substantially the same as that in which it is given fibove, though the 
mode of .expression was adapted to the hypothesis of the indestructibility of heat. 

In this article We have to point out some of the most important verifications whiidi 
those two fundamental principles have received, and some of the chief results which 
have been deduced from them. 


pRINCirLK OF THE MuTUAL CONVERTIlilLlTY OF HkAT AND WoRK. 

Mechanical Equivalent of Heal , — ^For general evidence tliat heat and work are 
mutually convertible one into the other according to a constant uumericjil n'tio, we 
may refer the reader to the article Heat (iii. 125-129, and vi. 685-687 of this work). 
It may suffice in this place to give the results of two very important redeterminations 
of the value of this ratio which have been ’•ecently carried out. 

The first of these redeterminations was made by Jcjule {Phil. Trans. 1878, 365- 
383 ; also abstract, stating final result, Pntc. Hog. Soc, xxvii. 38), by a method 
c6sonti;:lly similar to that employed by him in 1850 in the experiments referred to in 
iii.' 125-129. The measurement of the work expended was however effected by 
counting the number of turns of the paddle-wheel and at the same time observing the 
moment of the couple required to prevent the calorimeter from being carried round 
with it. This mode of measuring work is similar to that employed by Him in his 
determination of the mechaniail equivalent of heat by the friction of water already 
referred to in vi. 685. Joule states his results in terms of the pound-degree, measured 
by the mercurial Fahrenheit thermometer, as unit of heat, and the foot-pound at 120 
feet above sea-level, in latitude 53® 28*’ N. (at Higher Broughton, Manchester), as 
unit of work. In five series of experiments he obtained the numbers given in the fol- 
lowing table : 
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Mean temperature of calorimeter (Fahr.) < 

. 68-*5 

64®*8 

60®*0 

58°*1 

63®*1 

Mean rise of „ „ i* 

Mechanical equivalent . . . . 

3*54 

3*77 

3*46 

1*11 

5*22 

. 772*7 

774*6 

773*1 

767*0 

7740 


Taking those numbers as they stand, the mean result is 772*28 foot-pounds at 
Higher Broughton as the mechanical cquivjilent of 1 pound-degree at 58®* 9 Fahren- 
heit. But, from circumstances connected with the separate series of experiments, 
Dr. Joule does not consider them as being all equally trustworthy. Giving to the 
separate results the relative weights which ho i^signs to them, the final result may 
be stated as follows : To raise. the temperature of 1 pound of water weighed m vacm 
from 61*19° to 62*19° of the mercurial Fahrenheit thermometer requires the expend- 
iture of 

772‘53 foot-pounds 

of work at Higher Broughton. 

For the sea-level at the latitude of Greenwich, Dr. Joulo himself gives as the final 
result of his experiments 

772*55 foot-pounds, 

this being the quantity of work required to raise the temperature of a pound of water, 
weighed in vacuo^ from 60® to 61® F. 

Since the publication of this result, Joule has compared the mercurial-thermometer 
used in his measurements with one^he value of whose readings had been ascertained, 
in terms of the perfect air-thermometer, by Professor H. A. Kowland, of Baltimore. 
Applying the correction^ calculated by Howland for the difference between Joule’s 
thermometer and the perfect air-thermometer, we must add 2*94 foot-pounds to the 
mean as given above, thus getting * 

775*47 

as the corrected value for Manchester. To tAnslato this number from Fahronlioit to 
Centigrade degrees, and from foot-pounds per pound-degree to centimeter-grams per. 
gram-degree, we must multiply by 1*8 x 30*48, which gives 

42545*4. 

Lastly, to reduce the result to ergs, we must multiply by 981*32, the intensity of 
gravity in latitude 53® 58^' at 120 feet above sea-level. Wo thus get, for the 
absolute mechanical equivalent of a water-gram-dogreo at mean temperature 16 5® C. : 

4*175 X 10^ ergs. 

A second very remarkable scries of experiments on the value of the mechanical 
equivalent of heat has been made by Professor Rowland {Proceed, Amer, Acad. Arts 
and Sciences, xv. [N. S. vii.], 75-200), His method was identical in principle with 
that employed by Joule, but by modifications in detail he was able to generate heat at 
a much more rapid rate, thus rendering the corrections for radiation and conduction 
less important, and to obtain much greater changes in the temperature of his 
calorimeter — in some experiments as much as 25° or 30® centigrade. His results are 
all reduced by him to degrees of the perfect air-thermometer, and they had to the 
important conclusion that the specific heiit of water decreases from temperatures near 
0° C. to about 30° and then increases again. The following table gives his results 
for every fifth degree from 5® to 40° : " 



Mechanical equivalent 


Mechanical equivalent 

Temperature of water 

of 1 gram-degree in | 

Temi)erature of water 

of 1 gram-degree in 


10’ ergs 


10’ ergs I 

6°C. 

4*212 

25® C. 

4*173 

10 

4*200 

30 

4*171 

15 

4*189 

i 35 

4*173 

20 

1 

4*179 

40 

4*175 


Application to Gases , — It is known experimentiilly in the case of the more diffi- 
cultly condensable gases, that (1) at a constant temperature the product of pressure 
into volume is nearly constant ; (2) for a given change of temperature, the ratio in 
which volume changes when pressure is kept constant is nearly the same as the ratio 
in which pressure changes when volume is constant, and that this ratio is nearly the 
same for all gases ; (3) the specific heat under constant pressure is nearly independent 
of pressure or temperature ; (4) no appreciable fall of temperature takes place when 
a gas expands into a vacuum without receiving heat— that is, no appreciable quantity 
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uf work is done in separating the particles of a gas from each other. An ideal sub- 
stance possessing in perfection the properties here enumerated as belonging approxi- 
mately to actual gases is called a perfect gas. The discussion of the laws of a perfect 
gas as thus defined is useful as leading to results which are applicable with approxi- 
mate accuracy to several known gases under ordinary conditions. 

Values of the Themwl Coefficients for Perfect Gooses.— The properties of a perfect ^ 
gas in relation to pressure, temperature, and volume, aro expressed by the equation 

pv - R(a + <) ( 6 ) 

where v is the volume occupied by unit-mass of the gas under pressure p and at tora- 
perature R is a constant depending on the kind of gas, and a a constant depending 
on the position of the zero and the size of the degrees of the thormomotric scale on 
which the temperature / is expressed. Since the expression a + t occurs very often, it 
will bo convenient to denote it by a single symbol T, writing ( 6 ) thus ^ i; = K T. Dif- 
ferentiating we get 

pdv + V dp = Vi dt ( 7 ) 

iv^hich, for the several cases in which dv^ dp, or dt respectively = 0 , gives 
dp _ R dw __ R dp _ 7) 

dt V dt p* do V 

y 

Substituting these values in equations (1), (2), and (3), whereby the coefficients a, /3, 
and £ aro defined, we got 


Hence, for all perfect gases, wc have 

« = ^ ^ 

T 

Again, if we equate the values of dQ given in ifa) and (56), and make dp ~ 0 , 
I = (C-c)*- - (C-«)^: ( 8 ) 


or, making dn- 0 , 
h 


(C - .)| . 


(0 - c) 


In like manner, ( 06 ) and (oc) give, for dp-0, 

(*«) 

and (oa) and ( 6 c), when dv - 0 , give 

dt V 



The six calorimetric coefficients are thus reduced, in the case of perfect gases, to 
the two specific heats C and c ; the three forms of equation ( 6 ) may therefore be 
rewritten as follows : 

dQ = cd/ + ^ pdv ( 12 a) 

= Cdt - (12i) 

iv 


Vor the case in which there is no change of temperature, (12 a) gives 
dd = 


The factory dv in this last expression represents work done during the expansion of 
the gas against external pressure, and the whole quantity of heat d Q is spent in 
doing this amount of work, for we have supposed temperature to remain constant, 
and the substance being a perfect gas, no heat is used up in merely changing its 
volume. Accordingly, writing dW for pdv, we have for the ratio of dW to dQ— 
the ratio of a quantity of work to the heat expended in doing that work— Uie 
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mechanical equivalent of heat. 
J, we get . 

j __ dW 

dCl C 


Representing this, as is commonly done, by the symbol 


R 

— c 


. (13) 


Equation (13) leads to several noteworthy conclusions. First, it shows that the 
specific heat at constant volume, is constant for the same gas, being independent of 
volume and temperature, for J, R, and C being all constants, c must be so likewise. 

Secondly, the magnitude R, though constant for any one gas, varies for different 
gases inversely as their densities, so that the product of R for a given gas into tlie 
density p— or mass of unit-volume under standard pressure and temperature— of 
that gas, is the same for all perfect gases. Putting C p ~ r, and op=^.y. we have 


r - 7 « 


Rp 

r 


where, everything on the right being constant, the left-hand member of the equation is 
constant also; or, the difference between the thermal capacity under constant 
pressure and the thermal capacity at constant volume, of so much of any perfect 
gas as occupies unit of volume under given conditions of pressure and temperature, is 
independent of the chemical naturebf the gas. 

Thirdly, since C and the facers which enter into the value of R are all directly 
measurable by experiment, a knowledge of c, the specific heat at constant volume, 
for any perfect gas, ^ould enable us to determine the value of J, the mechanical 
equivalent of heat. We shall see immediately what principles are available for de- 
termining the value of c*. • 

Fourthly, by substituting in (8) and (9) respectively the value given by 

t R 

(13), namely, -J., we get the«following simple expressions for the coefficients I and h\ 
J 


I = 


P 

.T 


. ( 8 ') 


h = - ^ 


. (9') 


Variation of Pressure^ Volume^ and Temperature without Gain or Loss of Heat \ 
Adiabatic CAaaycs.— Hitherto wo have considered changes of pressure, volume, aud 
temperature as resulting from the addition or removal of heat ; but such changes may 
also take place without any loss or gain of heat. For example, under ordinary cir- 
cumstances, increase cf volume and rise of temperature are observed as the result of 
heat given to a body, and diminution of volume and fall of temperature as the result 
of the withdrawal of heat ; but, in special cases, a rise of temperature may be exactly 
compensated by a diminution of volume, or a fall of temperature by an increaso of 
volume, so that, on the whole, there is neither loss nor gain of heat. Changes which 
take place under such conditions are commonly called adiabatic changes, a term intro- 
duced by the late Professor Rankine. In general, any change of 'condition that takes 
place very rapidly may be considered as being adiabatic, since the quantity of heat 
that can be lost or gained in an indefinitely short time is itself indefinitely small. 
From the equations already established, it is easy to deduce expressions which con- 
nect the adiabatic changes of volume or of pressure respectively of a perfect gas with 
the simultaneous changes of temperature, or iigain -^hich connect adiabatic changes of 
volume and pressure with each other. This is done by simply putting eiQ = 0 in all 
the equations ; for since rfQ represents the quantity of heat lost or gained, the equa- 
tion c/Q^O expresses the condition that any givtm change is adiabatic. 

Equations (12), when is written instead of R, by the characteristic equation of 
perfect gases (6), become * 

dQ - + (C-c)T'?-‘', 

^ * 

Od/. - (C-e)T^, 


( 

V p 


+ 


c^)t. 


If WO combine with those 
gives 


expressions the adiabatic condition r/Q=:0, the first one 
= 0 

I V 
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■ar, if we put k tot the ratio of the two specific heats 

f + (* - = ». 

from which, by integratiou, wo get 

logc T + (^ — 1) logg V = constant 


Similarly, the second expression gives 
A' — 1 

logc T — — ^ — loge P = constant 


and the third gives 


Tp * = constant 

ioge p + A; logg V - constant 


It is easily seen that the three equations, (14), (16), and 06), are not really inde- 
pendent, any one of them following as an immediate consequence from tho other two. 
It may also be noted that any one of them, combined with the equation p gives 

the other two. 

Work done hy the Expansion of a Gas . — If a gas under pressure p undergoes a small 
increment of volume, rfy, it does a quantity of work rfW — p dv. In general, however, 
pressure cluingcs at the same time as volume, so that a second increment of volume 
dv takes place under a ditteront pressure, say p', the third similar increment under 
pressure p", and so on. Hence tlm whole amount of work done during a finite change 
from an initial volume to tho final volume v is 


W p do + p' dv + + 


- fpdv. 


That, is to say, tho work done during expansion depends not only on the change of 
volume and tho initial prcjssuro, but on tho pressure at each stage of the process. We 
may consider three special cases : 

1. Expansion under constant pressure. In this case wo have obviously 

W - p/dv ^ p{v - rj (17) 

I'o 

2. Expansion at constant temperature. In this case wo have, by equation (6), 

p - and thereibro 


W = BT/’*' - K T logc -.or - BT log . . (18) 

3. Expansion without loss or gain of ho;it. According to (16), when a gas doi s 
not lose or gain heat, wo have p - N and therefore 

V 

W = ^fv-Hv - ^ (w'-* - 

Vo 

or, putting for N its value p^^vf, 



This, oil triinstbrming the last terra by means of (16) and (14) respectively, gives 

and 

w = (l ^ 

X; - 1 \ A? - 1 

Coefficients of AdiaJbatic and Isothermal ElasiicUy.-~'}^\\o definition of the coofficieiit 
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of volume-elasticity at constant temperature is given by equation ( 3 ), namely 

€ = — 0& and we have already seen that for a perfect gas this becomes €=p. Elas- 
dv 

ticity of volume being the only kind of elasticity exhibited by gases, wo may say 
generally that the elasticity of a perfect gas at constant temperature is measured by 
the pressure of the gas. This relation, however, no longer holds good if temperature 
is not constant. In general, the temperature of a gas varies while it is undergoing 
any change of volume, and the different ways in which it may vary are infinitely 
numerous. Hence the coefficient of elasticity of *d gas may have an infinite number of 
different values, and has no definite meaning except under stated conditions. The 
coefficient corresponding to constsint temperature, the value of which has just been 
given, is often called for distinction the coefficient of isothermal elasticity. Another 
special condition of much importance is that of no loss or gain of heat. The corre- 
sponding coefficient of elasticity is called the coefficient of adiabatic elasticity, and 
may be denoted by E. Its value for a perfect gas follows at once from equation (12c), 
which, with the condition that no heat is lost or gained, becomes 


rfu = 0, 

whence 

E = - ( 20 ) 

,, dv 0 


Consequently the adiabatic elasticity of a perfect gas bears^to the isothermal elasticity 
the same ratio as the specific heat under constant pressure bears to the specific heat 
at constant volume. 

Experimental determination of the ratio k of*thc specific heat C under constant Pressure 
to the specific heat e at constant^Volume. — First Method: A largo volume of gas is 
suddenly compressed, so that its pressure rises from p, to p^. The process being very 
rapid, the compression may be considered as taking place without loss or gaii< of 
heat ; hence, by ( 16 ), if the initial temperature bo denoted by the final tempera- 
ture ^2 will be given by 

(a + <,)Pi * = (o + * • 

On now leaving the gas to itself without further change of volume, the heat due to 
the compression will be gradually dissipated, and, when the temperature has returned 
to the original value the pressure will have attained a value, say ^3, intermediate 
between and jpj. To determine wc have to consider that p^ and are the pres- 
sures of the same quantity of gas occupying the same volume at the temperatures 

and ; consequently ~ and therefore 

u *♦* ^1 P3 • 


k-\ 

P, \Pi 


Taking logarithms of both sides, we get from this : 


whence 

k 


logyj - log;), = 


(log;), - log;),); 


C ^ log;), - log p, 
e log?,- log p, 


• (* 1 ) 


It is evident that a corresponding expression might be obtained as the insult of an 
adiabatic rarefaction instead of an adiabatic compression. 

Second Method,— determination of the ratio C : c* by the method last given 
depends essentially on the relation between simultaneous changes of pressure and tem- 
perature during an adiabatic process. Another method may be founded on the relation 
between changes of pressure and chaises of volume during a similar process. The 
measurement of velocity of sound in air affords the most accurate data for determining 
this relation, since the alternate compressions and rarefactions which constitute a train 
of sound-waves follow each other with such rapidity as to bo almost strictly adiabatic. 
From dynamical principles it follows that the velocity with which a disturbance of 

the character of a v;ave of sound is propagated in a medium of density p is V « 
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£ standing for the adiabatic elasticity as above defined, whose value in the case of a 
perfect gas is by equation (20), kf. This gives for the ratio of the specific heats ; 

* = = V* ? (22) 

e p 

Third Method. — Equation(13), namely R = J(C — c), gives an expression fore in terms 

of G and the mechanical equivalent of heat: 0 = 0— And as both these quantiti^ 

J 

can be found by direct experiment, the ratio of the two specific heats can be deduced 
from this expression. 

Energy of a Body or System of Bodies . — The principle of tho Conservation of Energy 
may be expressed in relation to the matters under discussion in this article by the 
equation : 

JrfQ = 

where J dQ, is the energy equivalent to the quantity of heat, received by a body 
or system, dl^ tho increment of energy within the body, and dYf the energy given 
out (whether in tho form of heat or of energy in any other form) to other bodies. 
Tho terms d\ and may both be broken up in a manner corresponding to the 
various effects, internal or external, produced. For the present we will consider 
internal effects only, and write : 

dl ■ ^ cdt + dhS. + + rfP, 

9 

a dt being tho quantity of heat consumed in causing rise of temperature, rfM the 
energy spent in producing E*olecular changes other than those showing themselves as 
changes of temperature, tho increment of the kinetic energy of visible motion, 
and d\* tho increment of potential energy (due, for example, to increased height above 
the sea-level). With this notation wo have : 

Jdd =* Jedt + f/M + fZK + dP + (iW . . . (23) 

This equation allows us to draw some important, conclusions with regard to the 
flow of fluids. At present wo will apply it to the case of a gas forced, at constant 
pressure ;>o, through a narrow channel or porous plug, on tho farther side of which 
there is a constant pressure y), without loss or gain of heat from external bodies, and 
without change of level or alteration of potential energy from any other cause. Then 
rfQ = 0, and hcncc, if K^, M„, W<„ and denote initial conditions, and K, 

M, W, and t the corresponding conditions of tho gas after escaping, w’e have 

K - K, t M - Mo + W - W„ + Jjedi = 0. 

For K— Ko we may write W- W„ we may put p v—p^ Vo, where 

pQ and p are the pressures on the two sides of the plug, and Vf^ and v the corresponding 
volumes of the unit-mass. Therefore, since for gases c is constant, see (13), and 

Kw'** - V) = + J (^0 - 0- 

Since ^ t; = R(a + f), and R = .f(C - c), this gives, if we put = 0 : 

= JC(^o - 0 (24) 

to determine the velocity u with which a gas escapes from under pressure. To 
determine — t in terms of tho initial and final pressures, we have, by (16), 

**■*■ ^0 = ( , and therefore, 
a+^ \pf 

= JC(« + /.)[l - (JJ * ] . . . (25) 

If the friction of the gas against the channel by which it escapes is so great as to 
make the final velocity m = 0, or if tho velocity is destroyed by eddies, as happens in 
any case after a short time, we see by equation (24) tliat, for a perfect gas, the final 
temperature t is the same as tho initial temperature I^'rom (25) it appears that 
the velocity of efflux increases as the final pressure diminishes, becoming a maximum = 

^/YJC(o“+ O or 

when the escape takes place into a vacuum (i> = 0). 
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Second Principle of Thermodynamics. 


It has been shown already (pp. 1924, 1925) that heat can bo converted into work 
as the result of a cycle of- operations performed upon a body, such that the body is at 
the end of the cycle in the same state in every respect as it was at the beginning ; 
and it was pointed out that, in all such cases, heat must be given to the body at a 
relatively high temperature or temperatures, and a smaller quantity of heat removed 
from it at a lower temperature or temperatures^ the difference between the heat given 
and the heat withdrawn being the quantity converted into work. The proportion 
which this difference bears to the total quantity of heat given to the body is called the 
efficiency of the cycle, regarded as a means of converting heat into work. That is, if 
Q bo the quantity of heat given to the body which undergoes the cycle of changes, 
and Q' the quantity withdrawn from it, the efficiency is ; 


M 


Of -Q! 
Q 


. (26) 


and the quantity of work done, being the mechanical equivalent of the heat trans- 
formed, is : 


W = J(Q - 4') = JMQ. 

From the form of the expression (26), it is obvious that the extreme values of M are 
a maximum = 1 when Q' = 0, and a minimum = 0 whenQ'^Q. The efficiency of 
any cycle is therefore represented by a proper fr^'ition. As already stated 
(p. 1925), it was shown by Carnot that the greatest value that M can have in any 
given case depends solely on the temperatures at which heat is received and given out 
respectively by the * working substance * (that is, by the body by whose changes the 
transformation of heat into work is effected). Carnot further showed that the neces , 
sary and sufficient condition for the efficiency of any cycle being as great as it can be 
for the temperatures occurring in the cycle, is the condition of reversibility — that is, 
that the changes of pressure, volume, and temperature, which constitute the opera- 
tions of the cycle, shall each be capable of being inverted, and that the series of 
operations can be gone through in the opposite order. This criterion of reversibility 
excludes, as Carnot showed, all communication of heat between bodies at different 
temperatures, as well as all conversion of work into heat by the collision of unolastic 
bodies, or by friction of any kind, since none of these processes can be directly 
reversed. 

The simplest kind of reversible cycle is one described by Carnot, consisting of 
four operations, as follows : 

1. The working substance, whose initial condition may bo denoted by p, v, i\ is 

compressed adiabatically, till its temperature is raised to and its pressure and 
volume have become and v^. , 

2. The substance is put into contact with a source of heat at temperature t, and, 
by slowly decreasing the pressure to the volume is increased to Vg, while heat is 
supplied from the source so as to maintain the temperature of the substance at t, 
(It is to be noted hero that, in order to make heat pass from the source into the 
working substance, the temperature of the latter must be lower than t ; but, if the 
expansion takes place slowly enough, the difference of temperature between the sub- 
stance and the source may be as small as we please, and such that an increment of 
the temperature of the substance less than any assigned amount would suffice to cause 
heat to pass the other way.) 

3. The substance is withdrawn from the source and allowed to expand adia- 
batically till the temperature has fallen lo the original point and pressure and 
volume have become and 

4. The substance is put in contact with a receptacle of heat at temperature and 
slowly compressed till the pressure and volume have regained their initial values Vi, 
while the temperature remains constantly 

The working substance is now in the same state in every respect as at the 
beginning of the cycle. Work is done by the substance during operations 2 and 3, 
and work is done upon it during operations 4 and 1, and the work gained as the result 
of the whole cyclc^ namely, the difference between the work done by the body and 
the work done upon it, is mechanically equivalent to the heat which disappears during 
the cycle ; that is, the work done is J (Q— QOi if the heat' taken up during the second 
operation is denoted by Q, and that given out during the fourth by Q' ; for, since there 
is no gain or loss of heat during operations 1 and 3, the quantity transformed into 
heat during the complete cycle must be equal to Q.—Q!, 
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According to Carnot’s conclusion, a proof of which will bo given presently, the 
efficiency of such a cycle as the one just described is the same whatever the working 
substance ; we may therefore, in order to determine the efficiency of the cycle, choose 
any material we please. The problem becomes simplest if we suppose the material to 
bo a perfect gas. Then, the work done by the substance during operation 2 is, by (18), 

W = R(a + i)log\ 

and tho heat taken in during the sanu operation is 

Q = *) log ®». 

J t'j 

The work done on the substance during the fourth operation is 
W' = R(o + 

"i 

and the heat given out is 

Q' = ^ log 1!!. 

J 7»l 

The efficiency of the cycle is, therefore, 

M = 

(a + 0 log 1» 

but, since v, becomes as tho result of an adiabatic compression during which 
• temperature rises from t' to j?, and becomes by an adiabatic expansion accom- 
panied by fall of temperature from t to we have, by (14), 

and therefore ^ ^ 

V, V., v^ 

It follows that the logarithms in the expression for M are all equal, and therefore 
that tho expression reduces to 

n/r _ Q - Q' __ (a + t)- (a + f) _ t - t' 

^ 5 ’ ‘ * ^ 

The result of {27) is, in words, that the efficiency of a cycle such as that described 
— known as a ‘ Carnot’s cycle ’ — consisting of an adiabatic compression and an adia- 
batic expansion, alternating with an isothermal expansion and isothermal compression, 
is equal to the difference of the temperatures at which heat is taken in and given out 
respectively by the working substance (that is, the difference of the temperatures at 
which tho two isothermal processes take place), divided by the temperature at which 
heat is taken in increased by the constant quantity a depending on the position of the 
zero-point of the thermometric scale employed. Before going further, it will be con- 
venient to discuss .a little mor& fully the physical significance of this constant. 

It is implied in equation (6), ^ v=:R (a + <), which we have taken as the starting 
point for what has been said about the properties of perfect gases, that the thermo- 
metric scale is such that equal differences of temperature cause equal changes in,the 
value of the product pv for & constant quantity of a perfect gas. This is the same 
thing as saying that we agree to measure temperatures by a perfect gas thermometer, 
but it leaves us free to choose arbitrarily the size of the degrees and the zero-point of 
the scale. As to the former point, it is most convenient to define a degree of tempera- 
ture as the one-hundredth part of tho interval between tho temperatures of melting 
Tee and of saturated steam, both being under standard atmospheric pressure, and 
whenever tho size of a degree comes into account in this article, this definition is to 
be understood. With regard to tho position of the zero, it is evident that the natural 
zero of a perfect gas thermometer is tho point at which tho product p v would vanish, 
that is, the point denoted by putting — a. From this it appears that tho symbols 
T, T„ Tj, . . . which wo have hitherto used merely as abbreviations for a + t^ a + 
fl + ^ 2 , . . . may be interpreted as indicating the temperatures reckoned from the 
natural zero of tho perfect gas chermometer which are respectively identical with 
those which, when reckoned from tho arbitrary zero, are denoted by ^j, t^, • . , 
Consequently, expressing the temperatures at which heat is taken in and given out 
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during a CarnotV ieycle by refeienea to the zero-point of the perfect gas 
equation (27) assumes the more symmetrical form : 


M 


Also, from (27) : 

9l 

Q 


T - T' 
T 


T' 

T 


. (27') 
. (28) 


thermometer, 


or, the quantities of heat taken in and giTen /)ut by a subsbinco in going through 
Carnot’s cycle’of operations are proportional to the temperatures, measured from the 
zero-point of a perfect gas thermometer, at which the reception and rejection of heat 
respectively take place. 

From this it follows that, if it were possible to lower the temperature of the work- 
ing substance by adiabatic expansion to the zero-point of the gas thermometer, the 
quantity of heat, Q', which it would give out during compression would be nothing ; 
or, the total quantity of heat taken in by the substance would be converted into work. 
The same result follows also from (27'), for if T becomes nothing, we get M» 1. 

All reversible cycles^ for which the temperature of taking in heat is the saine^ and 
also the temperature of giving out heat^ ham the same coefficient of efficiency. — This 
important result, which, as already stated, was first established by Carnot, may be 
proved as follows. Let two substances, A and B, go through a perfectly reversible 
cycle of processes, each of them takrbg in the same quantity of heat at temperature t 
and giving out heat at temperature t\ and, if it be possible, lot the cycle gone thi'ough 
by A be more efficient than that gone through by B. Then, 

Mi = and M# == ; 

Qa Qb 

wherefore, if Qa = Qhi since M is >Mb, we get 

Q'a < Q'ii. 


Now let B go through its cycle in reverse order : during each repetition of the cycle a 
quantity of work, Wr = J Mb (Qb — Q'h)» must be done upon B, which during tlie same 
time takes in a quantity of heat Q'b from what was before the rcccptficle for heat at 
temperature i', and gives a quantity Qb to what was previously the source at tem- 
perature t. If, at the same time, the substauco A goes through its cycle in direct 
order, taking in a quantity of heat Qa~Qb ^t temperature t, and giving out a quantity 
Qa<Q'ii, it does a quantity of work Wa~JMa (Qa“Q'a)-^^b- Hence the com- 
bined effect is that the source, at temperature t neither loses nor gains heat on the 
whole, although at each repetition of the double cycle a quantity of work is done 
-Wa — WBat the expense of an equivalent of heat Q',, — Q'a withdrawn from the 
receptacle at the (relatively) low temperature t'. 

Or, again, let us suppose that at each repetition of the cycles gone through by the 
substances A and B, equal quantities of work are done — a conditioli expressed by the 
equation Ma Qa = M“ Q“, and, if it be possible, let Ma bo greater tlian Mb. Then Q„ 
must be greater than Qa, and, also, as is easily proved, Q'j, must bo greater than Q'^^ 
If the substance B goes through its cycle in reverse order, converting work into heat, 
w’bile A performs a direct cycle, converting heat into w'ork, on the w'hole no work will 
be lost or gained, but a quantity of heat Qb— Qa will bo gained by the source at every 
repetition of the double cycle, and a quantity Q'b — Qa will bo lost by the rocoptaclo. 
'That is, heat will bo transferred from a colder body to a hotter body without ex- 
penditure of work. 

Either of these results, arrived at by supposing it possible that two reversible 
cycles worked between the same temperatures can have different coefficients of 
efficiency, is inconsistent with all experiened'of the properties of heat. Wi? therefore 
conclude that all reversible cycles worked between the same temperatures have the same 
efficiency. ^ ** 

The proofs of this proposition given above are modifications of Carnot’s proof w*. 
order to bring it into harmony with the discovery of the mutual convertibility of heat 
Jind work. The first is due to Sir 'William Thomson {Edin. Boy. Soc. Tr. 1861), who 
bases it upon the axiom that It is impossible, by means of inanimate material agency ^ 
to derive mechanical effect from any portion of matter hy cooling it below the temperon 
twre of the coldest of surrounding objects, which is a correct expression of experience, 
if understood of closed cycles of processes, as in the application here made of it, but 
is not true if applied to single processes, — as, for example, the adiabatic expansion of 
a gas. The second proof was first given by Clausius (JPogg. Ann. Ixxix. 1860), who 
starts from the assumption that heat cannot pass of itself from a colder to a wanner 
body. 
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Absolute 2'emperature, — ^Since, then, the efficiency of any reversillle cycle is equal 
to the quotient of the difference between the temperatures at which heat is taken in 
and given out respectively divided by the temperature, counted from zero of the per- 
fect gas thermometer, at which heat is taken in, the efficiencies of two cycles in which 
heat is received at the same temperature are to each other as the intervals of tem- 
perature occurring in the cycles. That is, if in two cycles heat is taken in at the 
same temperature T, and is given out in one cycle at T| and in the other at T.^, me 
have : 

'L-T, ^ M, T.^T, ^ M,-M, 

T-T, St; T- Tj "Mj ’ • 

where Mj and are the efficiencies of the respective cycles. If, however, Wj and 
denote the amounts of work resulting from the reception of equal quantities of heat 


by the working substances of the two cycles, = and therefore 

Mg Wj 

T, - T, = (T - T,) 


if we select arbitrarily two of the temperatures occurring in this formula, the third is 
defined by reference to them; moreover, since the f .rmula conlains only differences of 
temperature, it is equally applicable whatever th';*zero-point to which the tempera- 
tures are referred. Accordingly, if we take T *to be the temperature of saturated 
steam under normal atmospheric pressure, and Tg the temperature of melting ice 
under the same pressure, and agree that the numerical value of this interval shall be 
100, we may write 

T, - T, = 100 

Lastly, if wo tfike the temperature of melting ice as the zero-point of our scale, we 
have Tg = 0^ and therefore 

T, = 100 


gives the temperature Tj expressed by reference to what may bo called the absolute 
centigrade scale. That is to say, the numerical value of the temperature T, is assigned 
relatively to the usual fixed points of tho centigrade scale by means of the ratio of two 
quantities of work, a ratio which is expressible in terms of dynamical units (ergs), 
and does not involve a reference to the physical properties of any particular substance. 
The absolute scale of temperature thus arrived at was first proposed by Sir William 
Thomson. It is identical with the scale of the perfect gas thermometer, but the con- 
ception is of fundamental importance, since it affords a real method of comparing 
intervals of temperature by means of possible mcasuremonts with real substances, 
instead of a mcroly.theoretical definition based on properties assigned to a liypotbotical 
material. 

Coitiplex Cycles . — In the operations which constitute a Carnot’s cycle, change of 
temperature and change of the quantity of heat in the working substance occur 
separately. Hut in ordinary circumstances both these changes take place together. 
It is evident, however, that a succession of very small changes of temperature, alter- 
nating with very small increnients or decrements in tho quantity of heat possessed by 
a body, maybe made to resemble as closely as we please any reversible process wherein 
teinperaluro and quantity of heat both change continuously and at tho same time, 
lleiico, in any case whore such a process forms part of a cycle, it will not cause any 
finite difference in tho result if wo imagine it replaced by a sufficiently great number 
of sufficiently small alternate adiabatic an*’ isothermal operations. 

In a Carnot’s cycle, taking a quantity of heat Q from a source at temperature T, 

and rejecting heat at T', the amount transformed into work, namely ^ (T— T'), is the 

same as the amount that would bo transformed if the whole quantity of heat Q wore 
subdivided intonn infinite number of infinitely small parts, tZQ, and each part were em- 
ployed in a cycle worked between the same temperatures T and T' ; for the heat trans- 
formed into work by each such elemontaiy cycle would be (T— T), and therefore 

the amount transformed by all together would be y*^|^(T — T')=:|^(T—T'). Again, 

if the interval of temperature T— The subdivided into an infinite number of infinitely 
small parts, T, the effect of the complete cycle will be tho same as tho combined 
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elFect of an number of 


infinitesimal range, the first of which takes in 
the quantity of heat Q at T, and gr?e8 out Qj sQ ^ at Tj, while the second takev in 
T 

Q, at T„ and gives ojit ^t.Tj; the third takes in Q 2 atT 2 and gives out 

T * T' 

at Tj, and so on, the last one taking in at T„ and giving out 

at T' where T--T,=T,— Tjs . . . -T„— T' = dT. Tho truth of this becomes 
apparent if we consider that tho quantity of he*i.t given out during any one elementary 
cycle is just equal to the quantity taken in during tho elementary cycle next in order 
of temperature, so that the nett result of all the elementary cycles taken together is 
a quantity Q, taJeen in at T, and a quantity Q! given out at no heat being either 
taken ^n or given out on the whole at intermediate temperatures. It follows, 
therefore, that the difference between the quantities of heat Q and Q/ has been con- 
verted into work, just as would be the result of the original cycle. This conclusion 
may also be arrived at by considering tho quantities of heat transformed by tlie 

several elementary cycles, namely ^ eZT, ^ dT^ . . . the total amount transformed 

T Ti 


being the sum of all these; but since 

1 ii Ta 


the sum becomes 


®(T-T0. ^ 

If we now suppose both kinds of subdivisions that have been considered to bo 
carried out at the same time, we shall have, instead of Uho single cycle, during which 
the finite quantity of heat Q is received from the source, and worked between tho 
temperatures T and T', which have a finite difference, an infinite number of cycles 
each taking in an infinitesimal quantity of heat and working through an infinitesimal 
range of temperature; but tho combined effect of the infinitely small cycles will b^ 
identical with that of tho original finite cycle. 

Similarly, any reversible cycle,. even if including operations during which change of 
temperature and loss or gain of heat take place simultaneously, may be regarded as 
miide up of an infinite number of infinitesimal Carnot’s cycles, such that the tempera- 
tures at which heat is taken in and given out, and the nett quantities of heat taken 
in and given out at those temperatures, are the same for the combined infinitesimal 
cycles as for the single finite cycle. 

General expression for Reversible Cycles , — It was shown above [equation (28)], 
that in a Carnot’s cycle working between the absolute temperatures T and T', a 
quantity of heat Q being taken in at the former temperature, and a quantity Q’ given 
out at tho latter, the following relation holds : 

Q ^ Q' 

T oy* 

Or, reckoning heat given out as a negative quantity taken in : 

/(?) 

We have now seen that any reversible cycle may be looked upon as built up from an 
infinite number of infinitesimal cycles. To each of these elementary cycles taken 
separately, the result just pointed out must apply, and therehjre it must apply to all 
of them taken together. We may therefore write the following equation as applicable 
to every reversible cycle ; 


0 . 


/ 


T 


(29) 


Condition of Maximum Efficiency of a Reversible Cycle , — The quantity of heat trans- 
formed into work 4n a complex cycle may be expressed by 

m m/ T_T' T T' 

Q. ■" • • • 

where the separate terms represent tho quantities transformed by tho several simple 
cycles, which together make up tho complex cyde. If T and T’ respectively represent the 
highest and lowest temperatures occurring during the cycle, it is evident that the sum of 

T— Ty 

the above terms is less than (Qj + Q 2 + • • • » which would express tho quantity of 

heat transformed, if the whole quantity taken in during the cycle were taken in at the 
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highest temperature T, and if the whole quanti^givon out weiie^iven out at the 
lowest temperature T'. 

ITrom this it appears that, in order to get as much work as., possible from a given 
quantity of heat supplied to a steam-engine, or other contriVaUce for transforming 
heat into work, the supply of heat should take place at as high a temperature, and 
the withdrawal of heat at as low a temperature, as possible. 


Application op Thebmobynamic Pbinciples. 


Many important consequences may be deduced from the two fundamental principles 
discussed in the preceding paragraphs. The first principle tells us that, when heat is 
transformed into work, the work done bears a constant ratio to the quantity, of heat 
that disappears ; the second enables us to determine the proportion of a given quantity 
of heat which undergoes transformation under definite conditions. Combining the 
two, we are able, in relation to many physical processes to establish equations which 
exhibit on one side the work done during the processes expressed in terms of 
mechanical quantities, while on the other side we have equivalent expressions in terms 
of thermal quantities. 

lielatiom between the Thermal Coefficients . — Of ti:e nine coeflRcients introduced at the 
beginning of this article for the purpose of expr^ sing the thermtil relations of dififer- 
ent bodies, only a, the coefficient of expansion, €, the coefficient of elasticity, and C, 
the specific heat under constant pressure, have hitherto been made the subjects of 
direct experimental determination. It is therefore essential, if the formulae in which 
these coefficients occur are to have any definite meaning, that their values should be 
known in ttirnis of the three coefficients already mentioned. We proceed to show how 
this knowledge can bo arrived at. 

We recall in the first place the following relation between the coefficient of in- 
crease of pressure /3, and the coefficients a and e, equation (4), namely ; 




a e 

V 


Considering now an infinitesimal Carnot’s cycle, we have as the thermal expression 
for the work done, J dQ,^ t and as the mechanical expression for the same, dp dv; 
whence the equation 


JdQ 


^^dv. 


13ut here cfQ is the quantity of heat taken in during a small isothermal increase of 
volume dv at the temperature T: hence, by (5tt), wo have dQ,-ldo. Also, to 
det ermine dp^ tho 'amount by which the pressure during expansion exceeds the pres- 
sure during compression, we have dp = (fT, where ^ is the rate of change of 

pressure with temperature when volume is constant. Introducing these values into the 
above equation, wo get ; 


J I dv 


df * dT 


. dT . dv 


or 

,T dp 


J ■ rfT ■ 

•>y (2) 

T 


( 30 ) 


Combining equations (5rt) and (5A), and putting dp = 0j we have 
, dv 


0 - c I 


by (30) 


(it 


Iva 


T 

J p 


( 31 ) 


if - is put for the density (mass of unit volume) of the substance, 
voL. vm. 0 I 
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Putting (7/ c:0, equations (da)^idd (5^) give 

h — I M — t - 
A dp c 

_ T a 
•ip 

In the same way {5a) and (56?) give 

cdt + I dv = Kdp + \ dv ; 

whence, if 6/ 1 >- 0 , 

K = 

OP, by (31), 

K a* 

^aml {')h) and (St), if dp = 0t give 


^ dt c c 
dp p a € 

C _ T a 
0 6 j P * 


A. = C-i-=C* = 0'* 
dv av a 


■ ( 32 ) 


• (33) 


• (31) 


Coefficient of Adiabaiic Elasfieiip , — The coefficient of volume-elasticity 
stjvnce is defined as -- v but thd ratio dpi dv depends not only on the 


of a sub- 
natiiro of 


the substance, but also, as already pointed out in the case of gases, upon the thermal 
conditions to which it is subject. If temperature remaiiMt constant, the above expres- 
sion represents the coefficient of isothermal elasticity, e. Its value is given by (Sat) 
and (5A), which, if yield 



The coefficient of adiabatic 


elasticity E is given by (56?) on putting t/Q = 0, namely, 


E = - 

dv 


\ 

V - ; 


which, on substituting the values of A and k from (34) and (33), becomes 


E = 


6 



J Cp 


• (3fi) 


or, when the multiplier of € in the denominator of this expression is a small quantity, 
as it usually is in the case of solids and liquids, wo have approximately 



Dividing (35) by 6, we got for the ratio of the coefficients of adiabatic and isothermal 
elasticity 


K ^ 1 

e ■ 

J Up 


. (36) 


But it will be seen from equation (31) that this is the ratio of the specific heat under 
constant pressure to the specific heat at constant volume. Hence, for all bodies, the 
ratio of the two elasticities is equal to the ratio of the two specific heats, or 


E 

c 


C 

6 ? 


. (37) 


The various thermal coefficients, as well as the coefficient of adiabatic elasticity, 
have thus been expressed in terms of the three which can most easily be made the 
subject of direct measurement. The expressions now given are of goneml application, 
and include, as special cases, the formula given above (p, 1927) as applying to 
perfect gases. This follows at once from the relation T a = 1, a being the coefficient 
of expansion of a perfect gas. 

Absolute SmUof Temperature.— kh already explained! the temperatures denoted in 
the above formulae are supposed to be measured by a perfect gas thermometer, and 
reckoned from the natural zero of such a scale. But, inasmuch ns no known substance 
possesses the properties attributed to a perfect gas, a perfect gas thermometer can be 
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only an ideal instrument. If, however, we can ascekain how far the properties of a 
real gas differ from those of an ideal perfect gas, statements of temperature referred 
to a thermometer filled with this gas can ho translated into the corresponding values 
referred to a thermometer constructed with a perfect gas. Experiments having this 
object in view have been carried out by Dr. .Joule and Sir William Thomson (Phil. 
Trans. 1854, p. .321 ; 1862, p. 579). Their method was to force a gas in a continuom 
stream through a porous plug offering so much resistance to its passage th.at the gas 
escaped from the plug with only a negligible velocity, even when the difference of pres- 
sures on the two sides of the plug was considerable. If, during such an experiment, the 
gas docs not lose or gain heat, it appears, from (24), that, in the case of a perfect gas, 
there would bo no change of temperature— the final result being simply that the 
pressure of the gas is diminished and its volume increased by its passage from one 
side of the plug to the other. Accordingly, since no internal work is done during 
increase of volume of a perfect gas, no heat is usefl up and no change ‘of temperature 
takes place. In the gases experimented upon, a slight change of temperature was 
always observed — namely, a fall of temperature in the case of air, nitrogen, oxygen, 
and carbonic acid, and .a very slight rise in the case of hydrogen. The alteration of 
temperature for a given gas was found to bo proportional to the change of pressure, 
and smaller at high tiemperaiures than at low temperatures. By determining the 
ratio of t he change of temper.ature to the change of p ressure undergone by a gas under 
these circumstances, data were obtained by means r.u which, in conjunction with othor 
data respecting the properties of gases derived clf?efly from Jicgnault’s observations, 
it is possible to give numerical statements of tempeiatiircs wMch do not depend upon 
the special properties of any particular subsUnce. 3'he following statonicnt of the 
reasoning by which this rcEi.It is arrived at is essentially abridged from Sir William 
Thomson’s article Hea.t in the P'nvyclop. Britan. 9th od. xi. 

Consider in the first place a series of /onr operations constituting a closed cycle 
performed on any substance as follows : — 

‘(1.) Alter the bulk cr shape of the subst.ance till it becomes Wtirmor to any 
desired degree. (2.) Keeping it now at this higher temperature, alter bulk or shape 
further, and generate the heat which the substance takes to keep its temperature cou- 
stant, by stirring water, or a portion of the substance itself if it is partly fluid, and 
measure the quantity of work spent in this stirring. (3.) Bring the substance back 
towards its original bulk and shape till it becomes cooled to its original temperature. 
(1.) Keeping it at this temperature, reduce it to its original bulk and shape, carrying 
off, by a large quantity of water, the heat which it must part with to prevent it be- 
coming warmed. Find by a special experiment liow much work must be done to give 
an equal amount of heat to an equal amount of water by stirring. Then the ratio of 
tlio first measured quantity of work to the second is the ratio of the higlicr tempera- 
ture to the lower on the absolute thermodynamic scale.’ 

It w'ill be seen that the definition of absolute temperature given in this paragraph 
agrees with that already given iu this article, but that it is put in a more gener.al 
form. If wo suppose the changes of temperature taking place in operations (1) and 
(3) to be infinitely small, tlie corresponding changes of stress will also be infinitely small. 
If w’c suppose the stress upon the working substance to be a uniform pressure over the 
whole surface, and tliat its average amount during the second operation is p, its 
average value during tlio fourth opomtion will bo p T rfp, or infinitely near to its value 
during the second (the plus sign would apply in the case of substances sirch as water 
below 4° 0., or a mixture of water and ice, whose temperature is lowered by increase 
of pressure) ; if, further, the change of bulk during the second operation is denoted 
by ?«, the work done during this operation will be «;=p m, and it will exceed the work 
done during the fourth operation by an amount die = ?« This then is the amount 
by which the work done by the substance upon external hollies during the whole 
cycle exceeds the work done by them upoa it. "Wo may, therefore, in accordance 
with equation (28), WTite 

dT _ dv) _ u dp 
f w “~Uf 

or, multiplying numerator and denominator by p, 

= P_“ . ... (38) 

Twp 

The first factor on the right-hand side of this equation, called by Sir W. Thomson the 
‘ work ratio,’ expresses the ratio of the work done by the working suhstance upon 
external bcMlios during the second operation of the above cycle, to the total amount of 
work done upon it : the statement of the equation may therefore bo put into words as 
follows : — 


6i2 
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The ratio of the i^finiUsinud rise of temperature to the whole absolute temperature 
is eqiud to the work-ratio multiplied into the ratio of the infinitesimal inorease of stress 
to the whole stress. 

As a special example of the application of definition of absolute temperature in 
this form, consider any substance subject to uniform pressure in all directions. Let 
p and V bo its proasure and volume, and let e bo the energy which must be given to it 
to bring it from any conveniently defined zero condition, which we may call the con- 
dition (po %), to the given condition (p v). Let boat be communicated to the substance 
so as to cause its volume to increase by de^ th/) pressure being kept constant. The 

energy of the body will thus become greater by the amount -f- . dv. At the same 

dv 

time, the body in expanding and pressing out the matter around it does work to the 
extent '^ dv, and therefore the whole quantity of work required to gener.ite the heat 

given to it must be + ^dv. 

p 

Consequently the work-ratio is , and therefore by (38) 

— + i> 
dv 


DT 

“T 


dp 

"f 


de'^ 

dv 


dp 


de 

dv 


+ P 


(89) 


where DT denotes the change of temp(*raturo due to the increase of pressure dp, the 
substance being prevented the while from either losh'ig or gaining heat. The last 
condition implies that the change of eneigy of the body is equal to tliu work done upon 
it by pressure from without, or 


*dv ^ f^dp.-pdv. 

the negative sign on the right meaning that the change of volume dv is negative if 
the change of pressure dp is positive. Hence 

de 
dp 


dv = 


dv 


t'-dp. 


+ p 


But 


or, by the last equation, 


DT = 


dp 


4 . , 


( dT de\ 

_ dT • dp V 


DT 


DT 


Eliminating— - -from this by (39), we get 
dp 




dT 

dp 


de dT 
dp ’ dv 


■ (40). 


To connect this result with the experiments on the passage of fluids through a 
porous plug, we may proceed as follows :-*-Let + be the constant pressure on the 
fluid before passing the plug, and p the pressure on it beyond the plug. If, as is the 
case with common air, nitrogen, oxygen, carbonic acid, and no dou^t many other 
gases, the fluid -leaves the plug cooler than it enters it, let Iw be the amount of work 
which, spent in stirring the fluid flowing from the plug, would restore unit-mass of it 
to the original temperature. If, on the other band, the fluid is warmed by passing 
the plug, as is the case with hydrogen and all ordinary liquids, lot Zw denote the 
work that must be done in stirring water in order to warm it as much as it would be 
warmed if employed to cool unit-mass of the fluid on the second side of the plug to 
the temperature which it had on the first side. In this case Zw is to bo reckoned 
negative, as it is the mechanical equivalent of heat taken away from the fluid to restore 
its original temperature. Let v and v + Zv,e and e + Ze, respectively, represent the volume 
and energy of unit>-mas8 of the fluid before and after passing the plug, the symbols in 
each case being understood as referring tp the fluid in the tranquil parts of the stream 
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where it is unaffected by the rapids caused by the plug or by the eddies due to the 
stirring. Then the work done upon the fluid while approaching the plug,«and done 
by it while flowing away from the plug, will be the same as if it were pressed towards 
the plug by a piston exerting a constant pressure surface, and a 

piston exerting a constant pressure p were pushed forward by the escaping fluid. 
The work done by the first piston upon unitr-mass of the fluid would be 
and that done upon the second by the same quantity of fluid 2 ^. 
The whole quantity of work done on unit-mass of the fluid therefore exceeds the work 
done by it by 


(P + + Su) — + Sw, 

and this consequently must be the gain of energy by the fluid, or the amount by 
which e, the energy per unit-mass beyond the plug, exceeds e + Se, the energy per 
unit-mass of the fluid approaching the plug : that is, 


^ Se — + V Sp + Sw . 


(41) 


Now the combined effect of the ^lug and the stirring is to make the temperature of 
the fluid the same, notwithstanding the change of pressure from p + hpto p, and the 
change of volume from v + Sv to v; in other words, the changes of temperature cor- 
responding to the changes of pressure and of volunic taken separately are such as to 
compensate each other, or 

oi =s op + ov ~ 0; - 
dp dv • 

that is, 

dp ' dv 




<ind the change of energy may bo written 

Sc = * 5i> + 

dp 




Putting those values of Si; and Sc into equation (41), and at tho same time dividing 
by 5^, wo got 

• dT . dT da 


V dv) dp 


dv 


dp 


u + 


Sw 


Combining this with (40), wo have 

rn . «?T Sw 

" ^ + Tp' 

or, dividing by v and taking reciprocals of both iiiembtTs, 
__1 

Tdv ^ ^ 1 Sw . . . . 


(42) 


This shows that if, for any one fluid, and for some one value of the pressure p, 
the heating or cooling effect due to passage through tho porous plug wero at all tem- 
])ovatures to bo nothing, so that the work Sw required to undo the change of temper- 
ature should vanish, then for thi j fluid 

V dT ^ . 

T dJ 

or, by integration, 

T = Bv (43) 

whertj B is an arbitrary constant. From this we infer that, with this particular fluid 
for thcrmomctric subslanco, with the particular pressure of the experiment, and 
throughout tho range of temperature for which tho result 5w = 0 has been obtained, 
absolute temperature is shown on a scale graduated and numbered in simple propor- 
tion to the whole volume of fluid. 

Now Joule and Thomson’s experiments showed that for pressures of from one to 
five or six atmospheres, hydrogen, air, nitrogen, oxygen, and carbonic acid, all some- 
what nearly fulfil tho condition of passing through a porous plug without change of 
temperature — hydrogen much more nearly, and cjirbonic acid much less nearly than 
any of tho others. Hence we infer that absolute temperature is somewhat nearly 
proportional to the volume of the fluid, if any one of those gases is used in a constant- 
pressure thermometer. Further, since we know from the experiments of Begnault 
and others that tho ratio in which volume cljunges under constant pressure, for a 
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given alterUion of teniporaturo, is nearly the same for these gases (at least, leaving 
out carbonic acid) as the ratio in which pressure changes at constant volume for the 
same alteration of temperature, we also infer that absolute temperatures are some- 
what approximately shown by a thermometer graduated so as to show the pressure 
of one of these giises when kept at constant volume. 

We see, then, that the assumption commonly made, that temperatures measured 
by an air or gas thermometer are approximately absolute temperatures, is justified. 

To determine the degree of approximation that can be thus made, we must return 
to equation (42). The quantity of work, 8?/>, required to undo the cooling elFect can 
in practice bo most accurately estimated by help of the specific heat of the fluid and 
the mechanical equivalent of heat. If C bo the specific heat under constant pressure, 
and J the mechanical equivalent, we have 


and therefore (42) becomes 


Bw = JC8T, 


V (Hl _ 1 

T do ~ 1 ^ JO ST ' 

V tp 


■ (11) 


It is to be noted here that the cliange of temperature 5T can only be expressed in 
arbitrary measure, as we have not yet established a natural system of therniomelry ; 
it is, however, sutfieient for our reas^.ning that J shall denote the tlynaniical equivalent 
of a water-gram-degree,.upon the same tliormometer as that upon which tlie interval 
5T is measured. 

The experiments showed 5T to be simply proportional to not only for infini- 
tesimal differences of pressure, but for differences amounting to 5 or G atmospheres. 
In the case of hydrogen, the observed effect was an increase of temperature (5w tlicre- 
foro negative) amounting, on an average of the experiments at difieront temperatures, 
to 0‘039 of a degree centigrade for a (liffbrcnce of pressure on the tw’o sides of the 
plug equal to the pressure duo to a column of ice-cold mercury 7fi cm. in heiglst’. 

Denoting this pressure by n, wo have then whence 


AVriting this 


we get by integration 
T = 


u dT 
T dv 


1 


1 - 0*031) 

n V 


T 


dv 

V - 0*039 — 

n 


B(e - 0 039 


• (lo) 


Now let To denote the absolute t emperature corresponding to 0® C., T,„„ thr absoliitcf 
temperature corresponding to 100"^ C., and let v„ and bo tins volumes occupied by 
unit-mass of hydrogen at the same two temperatures when uiithu’ any constant pressure 
(say. from 1 to 5 or 6 atmospheres) within the limits of Joule a. Thomson’s experi- 
ments, then (45) gives , 

T„ = B(i.„ - 039 ■^j?) and T,„, == B(c,„ - 030 ?^‘^) 

whence 


T 


IIIO ~~ ^ 11 

To 


v„ - 039 


(46) 


If we make T,oo— To= 100 and put H for the expansion of hydrogen under 

. 1 
constant pressure, from 0° to 100° 0. referred tcj the volume at 0° tiiken as unity, 
(46) gives 


T. = ‘"“(l - .039 

n\ n vj 

unit-mass of hydre^en 
becomes 

To = — ^ " *039 ^ ^ ^ 


If V„ denote the volume of unit-mass of hydrc^eti under pressure FI instead of under 
the actual pressure />, this becomes 

r T ^ k 

• • ( 47 ) 
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To obtain the numerical value of Tq from (47), we have the following data : 


H, for hydrogen under constant pressure of 1 atmosphere — *36613, 
whence-^® = 273 13 (Regnault), 

C ~ 3'409 (Rognault), 

J - 4*175 X 10^ ergs. (Joule), 
nV„= 1*1316 ^ r0'» (Regnault). 


j^ulting in tliese numbers, wo get 




1 - 0*0004i> 

or, since the pressure under which expansion takes place is supposed to be atmospheric, 
and therefore 

X = 273*00. 


To = 273*13 1 


The experiments on air lead to almost an identical value for To, and those on 
carbonic acid to one not very different. In ejich of thciso gases, passage through the 
porous plug caused ii lowering of temperature, which was found to vary very nearly in 
the inverse proportion to the square of the temper iture C, by mercury thermometer, 
with 273 added. Hence nearly enough for use in the small term of the denominator 
of (44) * 

dp ■ I T j n * 


(49) 


whore T denotes, as before, absolute temperature, and A the amount of the cooling 
effect per atmosphere difference of pressure on the two sides of the plug, at the tem- 
perature of melting ice. The values ot A found for air and carbonic acid are 0*275 
and 1*388 respectively. Ah the proper moan value to^apply between 0° and 100° C., 
Sir W. Thomson calculates O*7o6 A, which gives 0*208 for air, and 1*049 for carbonic 
acid, as the ftictors to be substituted for —0*039 in (47) to* make it apply to these 
gases. As to the other data, we have 


H - 0*36706 for air, 0*3710 for carbonic acid 
C =* *2375 „ *2006 (mean sp. ht. from 0° to 100°) 

nV, 7*84 xlO* „ 5*13 X 10* 

Using these numbers, and Uiking i’o = V„, we got 

'A, = + -0026) = 272-11 X 1-0026 

- *273*14 (by air), 

and 

T„ = + -0171) = 2B9-0 X 1-0171 

•3710 

- 274*15 * (by carbonic acid). 

Of the three values thus arrived at for the absolute temperature of melting icc, 
vSir W. Thomson regards that derived from air as the most trustworthy on account of 
the greater ease, and therefore probably greater accuracy, with which the requisite 
numerical data can be determined in the case of air as compared with the other gases. 
Tlio true temperature of melting ice may therefore be taken as 273*1 from absolute 
zero. The meaning of this result is that the ratio of the absolute temperature at 
which saturated water-vapour has a pressure equal to that of 76 cm. of ice-cold 
mercury to the absolute temperature of melting ice is 373*1 : 273*1. 

Detennin'^iimi of Absolute Temperature by Observations with a ConstanUPressure 
Air Thermometer . — The temperature of melting ice being known, it is easy to deduce a 
formula to express the temperature in degrees of the absolute centigrade scale at 
which a quantity of air measuring % c.c. at 0° C. occupies any observed volume v 
under the same pressure. For this purpose, we first generalise equation (45) by 
putting, instead of the numerical factor —0*039 applicable to hydrogen, the symbol 
m to stand for the mean cooling effect, corresponding to the range of temperature in 
question, produced in any gas when the difference of pressure 011 the two sides of the 


• This number differs slightly from that calculated by Sir W. TJiomson {op, cit. 673), namely 
273*9. Thomson takes the mean cooling effect for carbonic acid as 1*106, which seems inconsistent 

loo 

with his own data, and finds 1*0163 for the final multiplier of . 



1944 


THERMODYNAMICS. 


plug is n (1 atmosphere), m is to be reeled negative when, as with hydrogen, the 
gas IS heated by passing through the plug ; its value at any temperature t reckoned from 

sero centigrade is nearly \ + gi^en by (49), the value of < 

toing known, accurately enough for use in this formia, by a mercurial thermometer. 
We tnns get 

T - B (« + .... (50) 

which gives, as in (46), 

T-T„ 


To 


Vo + m 


whence 



W- Vo 

1 

n 

nt’o 


fl-m 

•”) 


^ nv. 


(51) 


' where D = ^* is the relative density of the gas at 0“ C. referred to the density of the 

sa™ gas at 0° and under atmospherii^pressure, n, taken as unity. Putting in numerical 
values and making il on^ atmosphere, and therefore 1, we obtain from (61) 

t = 273-1 !Lll-®»(l _ 0-0126*). 

This formula^applies. with the proper value of-.n, to air, oxygen, hydrogen or nitrogen, 
the value of or the specific ‘heat of the quantity of gas occupying uuit-volum^ 
(1 e.c.) at 0®- C., and under atmospheric pressure being nearly the same for all of these 

IToo.r?"’'?® ^■'“''=10«“.tl>»valueof «iis -0-039 for {.Xg™ 

+ 0 208 for air, + 0*253 for oxygen, and 0*249 for nitrogen ^ ^ 

fromSirn^y** thermometer is easily derived 

' - [‘ - - ”-)] 

" ~ 0-0126 D(m - m,„)l 

whore v,„ is the volume assumed by the gas at 100° C.. m the moan coolln.r o, . 
the Inurval o tempemtu^ 0° C. to f, and the valu^for tho^Xv” C 

Hitherto the constant-pressure gas Uiermometer has not been constructed in a 
form convenient for practical use. Sir William Thomson, however, has dosTgn^ 
given a detailed description of such an instrument (op. cU. 676 6761 a«T St i 
says, ■ It seems probable that the constant-pressure hydrogen or nitrafTn ^ 
meter, which we have now describe!, may |ve even mS:":^:rarSoCi toin 
Eegnaults constant-volume air thermometers, and it seems certain tSTwill be 
much more easily used in practice.* 

1 air thermometer was em 

ployed by Prof. Ifowland for reducing to absolute values the temperature!obsemtions 
connected with his determination of the mtchanical equivalent of heat f.e! »w 
p.1926). Ifweput9forthetemperature directly Jicatadbylfos^^^^^^^^ 

without correction to the absolute scale— that is, if we mat. » = joo P "P. 

p„p,„, andp are the pressures exerted by the constant volume of 

meter at 0°. 100°, and the temperature t to bo determine res^tltell ?" 

d«iuced by Kowtond from Joule^ Thomson’s expeSs mayTi^” 

f - T - T, « 6 - 0-00088 6 

278 + «• 

By me^of tois formula, Rowland has calculated the foUowing table for reducing 
the readily of the constimt-volnme air thermometer, containing air of normal density 
to the equivalent temperatures on the absolute scale connti d from 0° C. ""'•5^* 
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Reading of 
air-thonnometer 

B 

Absolute temperature 
above 0° C. 

< = T - T* 

Correction to 
air-thermometer readings 
t - 0 

0° 

0- 

0 

10 

9-9972 

-0-0028 

20 

19-9962 

- *0048 

30 

29-9939 

- -0061 

40 

39-9933 

- -0067 

50 

49-9932 

- -0068 

60 

59-9937 

- -0063 

70 

69-9946 

- -0064 

80 

79-9956 

- -0044 

90 

89-9978 

- -0022 

100 

100-000 

0-0 

200 

200-037 

+ 0-37 

300 

300-092 

+ -092 

400 

400-157 

+ -167 1 

600 1 

600-228 

+ -228 i 


Latent Heat , — Tlio valno of the coefficient that we have rwroeented by the symbol 

T dn 

I, or the * latent heat of expansion/ is given by o^mtion (30), j • physical 

meaning appears from (5rt), namely rfQ, =c dt + l dv, and may bo stated to be the 
quantity of heat required to came unit mcrcase of mliime at constant temperature. 
The term latent heat, however, in its most usual sense means the quantity of heat that 
must bo given to ^mit'-mass of a substance to cause a 'ihango of condition at constant 
temperature and pressure. Let L stand for latent heat in this sense, and let u lx? 
the change of volume taking place during change of state of unit-mass. We then 
get immediately 

L - ult 

or, by (30), 

-■•js 


(62) 


The value of u may evidently bo written = if *•, be put for the volume of unit- 

mass of the substance in its iirst state, and for the volume of unit-mass in the 
second state, that is, the state into which it is transformed by receiving heat. 

Application to Water-vapour. The extent of agreement between this 
formula and thf3 results of observation can be tested most satisfactorily in the case of 
water, as the data ycquired for applying it are better known for water than for any 
other substance. Fairbairn a. Tate’s experiments {J^hil, Trans, 1860; also iii. 97 
of this work) give the value of for saturated steam for a considerable range of 
temperature, and Ecgnault’s experiments give the means of determining the values of 

T Tables of this latter quantity have been calculated from Regnault’s results 

by Count P. do Saint-Robert {jdrinci'pes de Thermodynamique, Turin, 1870), and his 
numbers are employed in the following comparison. 

Latent Heat of Water-vapour, 


Tcinjicruture 

u 


L 

calculated 

L 

Rognault 

278 + 68-2 

8274-3 

2905-5 

666-7 

666-9 

„ 68-6 

6332-5 

U55-9 

567'8 

658-7 

» 77-6 

3714-1 

6314-0 

651-8 

552-4 

„ 86-8 

2622-4 

8854-1 

646-3 

546-8 

92-7 

2148-5 

10869-0 

549-0 

541-6 

„ 117-2 

942-1 

23404-1 

518-8 

524-3 

„ 139-2 

496-2 

425068 

496-8 

608-6 

„ 144-7 

432-1 

487664 

496-9 

604-6 


It will be seen that the agreement between the calculated and experimental values of 
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L is such as to afford a striking confirmation of the reasoning employed in deducing 
equation (62). 

Internal Latent Heat . — In general, change of volume takes place during change of 
state of ag^egation, and therefore work, equal in amount to the product of the change 
of volume into the average pressure under which it occurs, is done either by or upon 
the body, and the mechanical equivalent of this work is included in the value of L as 
given al)Ove, together with what may Ih) called the internal or true latent heat, that 
is, th(! heat consumed in overcoming internal molecular forces. Accordingly, i)Utting 
r for the internal latent heat, « 

r = L - ]jf;du 

Or, when the change takes place under constant pressure 

r = L — H. 

J 

From this expression wc may eliminate either L or m by means of (62) and wriie 
either 




= - K- 

: T 


i'.s I i 

rfT / ' 


(63) 


Intent heat of DiHooviaf process gradual decomposition with rise of 
temperature, or diminution of pressure, or l)otb, to which the tc*rm ‘ dissociation’ was 
applied by Dovillc (vi. 425, vii; 636, viii. 1009), is exactly analogous, from a physical • 
point of view, to the process of evaporation, and equation (53) applies directly to lliese 
phenomena, r being the quantity of heat required to dissociate unit-mass of substance 
at absolute temperature T under prc.ssiire p, and u the difference between the volume at 
this temperature and pressure of the dissociated products and the volume of unit-mass 
of the original substance. 

The quantity of heat r usually includes heat spent in causing ehango of physical 
state as well as that spent strictly in causing chemical decomposition. When the 
former quantity is known, tho latter can bo found by subtraction. For example, when 
aqueous vapour is formed from (say) dilute sulphuric acid, part of tlio heat required 
for its formation goes to cause vaporisation, and the remainder to cause dissociation 
of the water from the acid. Let r be the total internal latent heat required for the 
formation of 1 gram of water-vapour from dilute sulphuric acid at absolute tempera- 
ture T, and let p be tho maximum prc.ssuro of the vapour given off by the acid at this 
temperature, and u the volume occupied by 1 gram of vapour at temperature T and 
under pressure p ; also, let and have corresponding meanings in tho case of 
pure water. Then we liave 

and therefore for the heat spent in causing purely chemical change 

= .r [Gt - ~ ] 

In tho particular case selected for illustration, 2\ rather less than p, and «, rather 
greater than u\ hence, at any rate for anyA*on.siderablo degree of dilution, p 
cannot differ much from zero, and we may write approximately 


_ dp,\ 

J \rfT d'S ) 


for tho heat required to separate 1 gram of water from dilute sulphuric acid. 

Specific Volume of saturated Vapour , — If the latent heat of vaporisation at a given 

temperature T is known by direct experiment, and also the values of ^ at the same 

rfT 

temperature, equation (62) gives ' 

« c . _ JL rfT 

* ‘ T * rf^ 

as the difference between the specific volume s, of the liquid and s, that of the vapour 
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at temperature T. The former being known by experiments on the expansion of the 
liquid, the latter can be at once calculated. 

Limit of the Liquid State. Critical Temperature . — If *1 bo the specific volume of 
a liquid and that of the corresponding saturated vapour, Sj continually increases 
(except in a few cases, such as that of water below 4° C.) and continually decreases 
as temperature rises. Hence at some sufficiently high tomperaturo wo must hj^o 
8i = s.,. At this temperature wo have M = 0, and therefore (equation 62) L—O. Con- 
sequently the state of vapour is here continuous with the liquid state, inasmuch as 
the passage from one to the other takes place without change of density or the 
absorption of heat. The temperature at which this occurs is called by Hr. Andrews 
the ‘ critical temperature.* 

Influence of Pressure on Melting-point . — Another application of the same funda- 
mental formula (52) as that from which the last results are derived shows that in 
general the melting point of a solid body must change with the pressure to which it 

is subject. The factors .F, L, and T being all positive, it follows that must be of 

dp 

the same sign as u ; that is, when w is positive (specific volume of liquid greater than 
that of solid), dT must bo of the same sign as rfp, or the molting point must rise 
with increase of pressure ; on the other hand, if u i.s negative (sp. volume of liquid 
less than that of solid), the melting point must /a/ ' with increase of pressure. This 
remarkable result was first pointed out by Professor James Thomson in 1849 in the 
case of ice, and was verified experimentally iff the following year by Sir William 
Thon? on (.T. Thomson, Edinh. Hoy. Stxr. Trans. 1849, xvi* 1 ; W. Thomson, KdinJ). 
Hoy. Soc. Proc. Pobruary 1850 ; Phil. Mag. 1850, [8], xxxvii. 123). 

If denote the specific volume of ice at 0° C., the specific volume of water at 
the same temperature, and L the latent heat of fusion of ice, equation (52) gives 


dT_^ (.s- ,-g,)T 
dp J L 


. (54) 


According to Kossetti (vi. 672) the density of water at 0° compared with water at 4° 
is 0*999871f and according to W. H. Miller its absolute density at 4® is 1-000013. 
Hence for s.^ we have 


1 

1*000013 X 0*999871 


1*000116. 


The value of is given by Bunsen’s determination (vi. 681) of the relative density of 
ice at 0®, namely 0*91674, whence 




I 

1-000013 X d-91674 


1-09080. 


For L, Bunsen’s experiments (loc, cit.) give 80*025. Wo have, therefore, 

dT _ 1-000116 - 1*09080 x 273 _ _ ^ 

dp ' 4-175 X 10" X 80*025 

This shews that an increase of pressure of 1 dyne per square centimeter should lower 
the molting point of ice by 7'41 x 10“® degree centigrade. Taking 1 mgadync per square 
centimeter as unit of pressure, the result would bo a lowering of temperature equal to 
0-00741° C. Sir William Thomson found cxpcrimenUlly that, in two series of 
experiments in which the pressure was increased from 1 to 8*1 atmospheres, and 
from 1 to 16*8 respectively (1 atmosphere being equivalent to 1*014 megadyne per 
square centimeter), th(? temperature was low*erod by 0 0586 and by 0*1289 of a 
degree. These numbers give 

0-00725 and 0*00757 

respectively as the lowering of temperature due to a pressure of 1 megadyne per 
square centimeter, the mean being identical with the calculated number. 

Experiments by Mousson in which much greater pressures were employed, 
wliereby the molting point of ice was lowered to — 18° C., are described in the article 
Heat (iii. 76). • 

In the case of substances whoso specific volume is greater in the liquid than in 
the solid state, theory indicates that increase of pressure must raise the melting point, 
a conclusion which is verified by the results of experiments by Bunsen and by 
Hopkins, recorded vol. iii. 76. 

Changes of Temperature resulting from the Adiabatic Compression of Solids or 
Liquids. — To find the change of temperature resulting from a given change of pressure 
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in a solid or liquid, we may start from equation (56), namely, rfQ,==C + A 
there is no loss or gain of heat, or dQ-0, and we get, on substituting the value 
h from (32), 





If 

of 


An equivalent expression, giving the change of temperature in terms of the change of 
volume dvt is obtained by replacing-^^ in (66) by — Edw, where E is the coelii- 
cient of adiabatic elasticity, and then putting for E its value from (35). This gives 



Tac J f> 


. ( 66 ) 


Equation (65) has been verified by Joule (PhiL Tram. 1859, 133) by experiments 
on the effect of pressures suddenly applied to water and to oil. The results, with the 
data required for comparing them with the calculated values, are given in the follow- 
ing table, where w denotes the pressure (in megiidynes per square centimeter) and B 
, the rise of temperature (w and B here answer to dp and dT respectively in formula 
(66)). The value of J is taken throughout as 4-175 x 10'. 


Thermal ESfecl If Compression of yfater. 


T 

a 

C 

IB 


Experiment 

Calculated 

273 + 1-2 

- 0-000050 

1-00006 


25-69 

- 0-0083 

- 0-0084 

n + 5 

-f 0-000016 

,1*00025 

-99999 

25-69 

+ 0-0044 

+ 0-0027 

„ + 11-69 

-000115 

1-0006 

‘99958 

25*69 

-0206 

•0202 

,, + 18'38 

-000193 

l-OOll 

-99858 

2569 

-0314 

-0346 

„ + 30 

-000300 

1-0021 

•99577 

25-69 

•0544 

-0561 

„ + 31-37 

, *000303 

1-0022 

-99436 

15-86 

•0394 

•0362 

„ + 40-4 

-000396 

1-0035 

•99220 

15-86 

•0460 

•0475 


With oil the results given in the following table were obtained, showing that the heat- 
ing effect at a given temperature is proportional to the pressure applied ; 



s 

Exi)crimcut 

(Jalculatcd 

273 + 16 

7-93 

+ 0-079 

' + 0-089 

„ + 17-29 

15-86 

•169 

•176 

„ + 16-27 

25-69 

•266 

-284 


In consequence of practical difficulties no experiiuenU have hitherto been made on 
the thermal effects of the adiabatic compression or i3xtension of solid bodies by 
stresses acting equally in all directions. The only obvious way of exerting a uniform 
pressure over the whole surface of a solid is to immerse it in a fluid through which 
the pressure is transmitted ; but when this is done it becomes extremely difficult, if 
not impossible, to separate the thermal effect duo to compression of the fluid from that 
due to compression of the solid. The changes of temperature produced by the sudden 
application or removal of forces tending to produce longitudinal extension or com- 
pression have, however, been studied in the case of uniform rods or wires, of several 
materials by Joule {Phil. Trans. 1859, 91) and by Kdlund {Pogg. Ann. 1861, cxiv. 1 ; 
1865, exxvi. 539). In order that equations (55) and (66) may apply to such cases, we* 
must modify them by introducing M, Young’s modulus of elasticity, in place of e, and 
must take p to stand for the mass of unit length of the rod, and a for the coefficient of 
linear expansion ; dv also in the latter formula must be taken as a change of length 
instead of as a change of volume. It should be noted further that the values of M or 
€ and p a,TO certainly, and those of 0 and a probably, somewhat different, for solid 
bodies subjected to considerable stress, from the values of the same quantities for 
bodies not subject to stress : hence a very close agreement between the calculated 
and experimental results is not to be looked for in the case of such experiments. The 
following table, taken from Baynes’s Thermodynamics (p. 162), gives the results of 
some of Joule’s experiments on stretehing reduced to absolute measure. 
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T 

1 

7 

a 

JO 


6 

Calculated 

Experiment 

Iron 


273 + 13-3 

0-429 

1-220 xlO-» 

4-728 

321-2 

-0-102 

-0101 

Hard steel 


» + 1-7 

•448 

1-362 X „ 

4-255 

321-2 

- -127 

- -162 

Cast iron 


» + 9-3 

-525 

l-r25x ., 

4-978 

324-9 

- -109 

- -14^ 

Copper . 


» + 1-2 

-377 

1-718 X „ 

3-953 

317-7 

- -140 

- -174 

Lead 


+ 4-8 

•076 

2-858 X „ 

1-305 

80-0 

- -036 

- -053 


In this table C denotes the elongating stress, or stretching force in megjidynes per 
square centimeter of the cross section of the bars, and 0 the change of temperature, 
which us indicated by the mintts sign was a cooling effect. Joule also made numerous 
experiments on the effect of longitudinal compression upon metal rods. In those 
experiments a rise of temperature was observed, the results agreeing on the whole 
well witli those calculated by equation (56) when motlified in the way already pointed 
out, to make it suit the case of longitudinal stress. 

Fjscape of Liquids from under Pressure. — If a liquid is forced by a piston through a 
narrow channel offering so much resistance to its passage that the liquid escapes with 
a negligible velocity, the temperature of the liquii is raised. This phenomenon was 
made by Him the basis of a method of determining the value of the mechanical 
equivalent of heat (vi. 686, 687). If the piston^xerts a constant pressure pi per unit 
of surface, the work done by the piston in forcing tlirough tie channel unit- volume of 
a liquid is Similarly, if p., is the pressure (say, that of the atmosphere) which 
tends to prevent the«csca^»e of the liquid, the work done against this, during the 
passage of as much liquid as occupies unit-volume while under the greater pressure, 

is jo.j(l + + w), if o is thecoefficieiit of expansion, E the coefficient of adiabatic 

• elasticity, 6' the observed rise of temperature of the liquid, and —p^ the decrease 
of pressure. This last amount of work added to the mechanical equivalent of the heat 
producod'must bo equal to the work done by the first piston. Now the heat developed 
in the process may be written Cp 6, if p is the density, or mass of unit-volume, of the 
liquid while under the pressure 0 the true rise of temperature, and C the specihe 
heat. Hence we have the equation, 

J Cp6 = 2 ?, - JP 2 + a0' + = w + + a0'). 


Him, treating 0 and 0' as identical, and neglecting the last term, calculates the value 
of the mechanical equivalent as 


J' 


•ar 


or, since he also thkos Cp for water, the liquid experimented upon, as equal to unity, 
his formula becomes simply J'-^^. The most important omission in this mode of 


treating the result is that which consists in taking 0\ the observed heating effect, as 
the whole heating effect. According to the last section, a diminution of pressure 
must low'or the temperature of w'ater at any point above its temperature of maximum 
density, so that the total evolution of heat in Hirn’s experiment must have been 
.sufficient to neutralise the cooling duo to decrease of pressure as well as to cause the 


observed rise of temperature. Neglecting, with Him, the small term p„ 


il 


a 6 '^ 


representing external work done by the »*scaping liquid, wo have by the last section 


J == 



T atv'v 
JCp) 


1^(1 — T a) 

■'"■'cTo' “ 


J'(l - T a) 


if J' be taken as the approximate result calculated l)y Hirn’s formula, and if C p be 
put = 1, as is very nearly true for water. Ilirii does not give the temperature of the 
water in his experiments, but only the observed change of temperature 6'. Conse- 
quently we cannot calculate the necessary correction, but assuming, for the sake of 
getting an idea of the possible magnitude of this comection, that the temperature of 
the water was 10*^ C., we have a about =0’000085, and therefore 


J = J'(l - oT) =. 43311. - 0-000085 x (273 + 10)] 
= 423-7 





1950 


THERMODYNAMICS. 


as the Taiue in meter-grams of 1 gram-degree of heat. Beduced to ergs, this becomes 
4*166 X 10^ or about | per cent, less than Joule's result, instead of 2 per cent, higher, 
as appears from the uncorrectod value. 

Specific Heat of Saturated Vapours . — ^We have already had occasion to distinguish 
between the specific heat of the same substance according as it is exposed to constant 
pressure or kept at the same volume. Another important case to consider is the case 
of a mixture of two portions of the same substance in different states of aggregation, 
say liquid and vapour, when the conditions are such that the quantity of matter 
existing in each state remains unaltered as tenjperature is changed. The substance 
is then said to be in a ‘ saturated ’ state. The specific heats of solids and liquids in 
the saturated state probably do aot differ much from their specific heats under con- 
stant pressure ; but, in the case of saturated vapours, the specific heat is often very 
different from that of the same vapour under constant pressure. The specific heat of 
a saturated vapour may bo thus calculatwl. Lot it bo denoted by y, and let the 
specific heat of the saturated liquid in contjict with it be represented by C'. Also let 
v^ be the volume of unit-mass of the liquid, and v., the volume of unit-mass of tlie 
vapour, and put e,. 1. Suppose unit-mass of liquid at T converted into 

saturated vapour at this temperature, and the vapour thou heated toT + c/T wliile 
remaining saturated. The heat required for the evaporation of the liquid is L, of whicli 

an amount ^ - is spent in doing external work, if is the pressure of tlie saturated 
J 


vapour. The heat needed to raise fhe temperature of the vapour is 7 <fT, and <jf 

this, an amount does external work. Consequently, the total quantity of heat 
J 


employed in doing internal work during the conversion dr unit-mass of liquid at T 
into siiturated vapour at T + dT is 


Q = L + vrf-r -'fAn + de,) 

O J • 

2. Next, let the same ti’ansformation bo effected in a different way. Raise the 
temperature of the liquid from T to T i-dT, and then convert unit-mass into saturated 
vapour at the higher temperature. The hciit needed to raise the temperature of unit- 

mass is G" rfT, of which an amount does external work. The heat needed for 

the evaporation is L + r/ L, and of this a quantity (u + du) is spent in external 

work. Hence the total quantity employed in doing internal work in this second 
case is 

Q' - C'rfT + L + (U, - - >’ + + du). 

J J 


But since in each case a gram of liquid at T has been converted into a gram of 
saturated vapour at T-f-dT, the expenditure of heat in internal ‘work must be the 
same in both cases, or Q = Q'. Also wo have = r, and d2« = d n., — dv,. Constj- 
quently we get for the specific heat the saturated vapour 


by (62) 


V = (r ^ iJL 

^ dT J dT 

_ p, dL L 

~ ^ ^ dT - T- 


• ( 57 ) 


We may get numerical results in the case of water-vapour as follows : Taking the 
specific heat of water under the pressure of saturated vapour as. the same as (ho 
specific heat under constant pressure, we hi^/e, according to Munchliausen (Wiillner s 
Compendium der Fhy&ik^ ii. 166): 

= Q = 1 + 0*0()()302(T - 273) 

= 0*9176 + 0000302 T 

= 607*2 - 0*718 (T - 273) (see Wullner, o». ii. 212) 

= 803*0 - 0*718 T 

=. - 0*718 

= 0-9176 + 0 000302 T - 

T 

This expression gives the subjoined numbers for the values of 7 at the following 
temperatures —namely, 


C 

L 

rfL 

df 

therefore 7 
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Temperature from absolute zero 300® 400° 700° 710° 800" 

,, zero centigrade . 27 127 427 437 627 

7 - 1-669 -0-969 -0-081 0 +0-1664 

^J'hus it appears that, below about 437" C., the specific heat of water-vapour is 
negative : that is to say, heat must bo taken from it to keep it saturated as the tem- 
perature is raised. The physical interpretation of this, at first sight, rather cont*»- 
dictory result is, that a given quantity of water can evaporate completely in a smaller 
and smaller space as temperature rinses ; hence, to keep water-vapour saturated when 
its temperature is raised, it must b« compressed into a smaller bulk, and the work 
done upon it by the compressing force is more than equivalent to the quantity of heat 
needed to cause the rise of temperature. This result was discovered independently 
and almost at the same time by Clausius and by Rankinc in 1860. 

[b'or a more complete treatment of the subject of Thermodynamics, readers may be 
referred to the following, among other works ; —Rankine, The Steam-Engine and other 
l\me Movers \ Clausius, Mechanischc Wdrmetheorie (or lilngiisli translation by W. 
R. Rrowne); Verdet, Theork mecaniqtie da lachaleur\ P. do Saint-Robert, Principes 
de Thermodgnamique ; Ruhlmann, Handhuch dcr mechanisohen Wdrmetheorie (valuable 
for the completeness with whicii numoricnl data are given) ; Wiillner, Pie Lchre von 
dvr War me (forms the third vol. of this author’s Lehrb, d. Experimenial Physik) ; 
.Tamil! a. Routy, Cours de Ph t/sicpie (tome ii. fascii uie 2) ; Maxwell, Theory of Heat ; 
R. E. Baynes, Lessoiis on Tliermodynamics (an excellent and comprehensive work in 
small compass). Most of the above works hav<# been consulted more or less during 
the compilation of the foregoing article, but use has been chlfefly made of Jamin and 
Bouty and of Baynes.] 

(>. C. F. 

TBSaMOXrSUTAAX.XTT. .See Urat (p. 086). 

THfiTlNfiS. This name is givo'^i to a scries of sulphur-compounds analogous 

CH-'-S(C“H-’" 

to betaine and its homologues, and represented by the general formula | | 

CO— 0 

Only the methyl and ethyl terms are however at present known. See Methtl- 

TIIETINK (p. 1317). 

THSVBTOSXnr. Aglucosidc obtained from the seeds of Thevciia YeealiP. C., 
a tree growing in Mexico, and there called Joyote. It crystallises in four-sided 
prisms, dis.solve.s easily in alcohol, and is resolved by dilute sulphuric acid into glucose 
and a resinous body. It is very poisonous, acting as an emetic. The seeds also 
contain a non-drying oil, albuminoids, and cxtRictivo matters (Herrera, Pharm. J, 
Trans. [3], vii. 864). 

TKXACXSTAMXDE and THXACBTAXTXUDB. See Tuiamioks. 

THXACETXC AXHTBRXDE, or Diacefyt Sulphide, (CHPO)'^. Barium 
dioxido lU-'ts violently on this compound in thts dry state, producing incandescence; 
but if the anhydride bodiluteil with ethor, the action bi‘giiis after some time only, and 
is attended with only slight evolution of heat, the product being acetyl per- 
sulphide, (C-iPO)‘S-, probably formed according to the equation, 2(C'HPO)'-S + 
BaO- = (C'“IPO)'-8“ + (C”I:PO-)*^^^ (Beckmann, J. pr, Chem. [2], xvii. 439). 

TBXACETXC ETHERS. Action of Permit nya nates . — T b i o t h y 1 i c e t h e r, or 
Acotyl-othyl sulpliido, C-H=’O.S.C®H*, is but slightly attacked by pobissiiim 
permanganate; but silver permanganate, even in very dilute solution, is quickly 
decolorised by it, with formation of acetic and ethylsulpbonic acids. Is open ty I 
thiobenzoate, or benzoyl -isopentyl sulphide, C'H*O.S.C®n“, is but slightly 
attacked by the porm.nnganates of potassium and silver, even at tho heat of the 
water-bath. Ethyl t h i o b o n z o a t e, o/. tho other hand, is converted by silver per- 
manganate in presence of sulphuric acid, even at ordinary temperatures, into benzoic 
and ethylsulpbonic acids. 

, THXAEBEHTBE, C'H^S. This compound is known only in polymeric modifi- 
cations (H. Klinger, Ber, ix. 1893 ; xi. 1023). Tho oily liquid formed by passing 
hydrogen sulphide into aldehyde has, jiccording to Pinner, the composition 
G-1I^().C“H''S, and when treated with acids, yields a precipitate of trithialdehy de 
or parat hi aldehyde, .which compound may also he obtained directly by 

passing hyilrogcn sulphide into a strongly acidulated solution of aldehyde (vii. 37). 
I’ap.ithialdehyde thus obtamed crystjillises in white glistening needles, soluble in 
Jilcoliol and other; it begins to sublime at 46°, and may bo volatilised without 
altoratiun. On adding silvor nitrato to its solution in strong alcohol a crystallino 
compound is formed having the composition C®ll*'“S*,2AgNO®. 
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With chlonne or bromine it forms chloride or bromide of sulphur, and chloride or 
bromide of ethjlidene, together with more highly chlorinated or brominated products 
(Pinner, lAehig'e Annalen, clxxix. 21). By oxi^tion with potassium permanganate, 
it yields potassium acetate, sulphuric acid, and potassium ethylidenedisulphonnte, 
CH*.CH(S()*.OK)* (Guareschi, Gass, chim^ ital, 1879, 75). 

When this parathialdehyde is heated on the wator-bath with acetic or hensoio 
chloride^ it is converted into a new modification (distinguished by Klinger as 
jS-parathialdehyde) which has the same composition and vapour-density as that above 
described, and likewise crystallises in glistening needles, but molts at 125^, and boils 
with very slight decomposition at 245°-248°. With silver nitrate, it forms 
two crystalline compounds, viz. C®H**S*,AgNO* (compact colourless needles) and 
C“H*‘‘^S*,3AgNO* (thin nacreous laminae), which dissolve sparingly in boiling alcohol 
and detonate when heated. 

A third modification, orparathialdehyde, is produced by subjecting the compound 
C^H^O.C^H^S, suspended in water, and frequently agitated, to the prolonged action of 
hydrogen sulphide. An oil is thereby obtained which yields only traces of ordinary 
parathialdehyde when treated with dilute acids, but on dissolving it in other, drying 
the solution over calcium chloride, distilling off the portion which volatilises below 
140°, and mixing the residue with a small portion of aldehyde, o-parathijildehydo is 
obUiined. This modification crystallises from alcohol or glacial acetic acid in prisms, 
melts at 101°, boils between 246° and 247°, and forms with silver nitrate the com- 
pounds C®H'*S®,AgNO* (concentric groups of dull white needles) and C“Il'‘S*,3AgN()* 
(microscopic prisms), both of which 'lire permanent in the air, and are decomposed Ijy 
alcohol only after prolonged boiling. 

a-Parathialdohydo is converted by acetyl chloride into the j3-modification, and the 
latter is also produced, instead of the o-modification, wlfen the oil obtained as above 
mentioned for the preparation of the latter by means of hydrogen sulphide, is dis- 
solved in strong sulphuric acid, and the solution is mixed with w.ater, the jS-modification 
then separating out. Both modifications may be crystallised from aldehyde without 
alteration, and yield the same products by oxidation with dilute nitric acid, viz. acetic” 
acid, aldehyde, carbon dioxide, oxalic acid, sulphuric acid, .md sulphur. When 
exposed to the vapours of fuming nitric acid, they yield sulphonic acids, in addi- 
tion to the products just mentioned. They are but slowly oxidised by strong nitric 
acid. 

The oil, formed as above described from the compound C®H^O,C*H<S, is converted 
by ethyl iodide into triethylsulphine iodide, (C*H*)*SI. 

= (v. 772). By oxidation 

in dilute solution with potassium permanganate, this base is converted into sulphuric, 
acetic, and syrupy ethylidonedi sulphonic acid, CH".CH(SO’H)* (Guareschi, 
Gazz, chim, ital, 1879, 75). 

TBZAMXDES (Hofmann, Bar. xi. 338 ; Bernthsen, ihid. 503). These bodies 
may be conveniently prepared by the action of phosphorus sulphide (? penta-) on 
amides. When formanilidet n.CO.Nn(C®H*) (5 pts.), is triturated w ith phosj)horus 
sulphide (3 pts.), the mixture heated for five to ten minutes on the water-bath, and 
then exhausted with dilute soda-ley, the filtrate, on acidulation w'ith hydrochloric acid, 
immediately deposits white crystals of thioformanilide, H.CS.NH(C“IP). Aniline 
formate may also be used in the preparation insteiud of formanilide, but it is less 
advantageous. In like manner, thiacetanilide^ CH*.CS.N1I(C®H'‘), may be pre- 
pared from acetanilide. Thioformamide, II.CS.NIH, appears to be produced by 
the action of phosphorus sulphide on formamide. Thiohenzanilide^ or Benzoth i- 
anilidCt is obtained in like manner, in very considerable quantity, from benzanilido 
(2 pts.) and phosphorus sulphide (1 pt.); ^nd Phenylthiacetamide or Thio-a- 
tolylamide, C®H*.CIH.CS.NH*, from phenylacetamide (3 pts.) and phosphorus 
sulphide (2 pts.) , 

Thiamides of fatty acids, C“H2“’^*.CiS.NH*, are also produced by direct addi- 
tion of hydrogeti sulphide to nitrils, e.g. acetothiamide, or thiacetamids, 
CH*.CS.NJ1*, from acetonitril, CH®.CN. This compound crystallises, according to 
Bodewig, in the monoclinic system. Observed faces ooBoo, OP, ooP, — P, some- 
times also +P; tabular according to ooPoo. Twins according to ooPod. Angle 
00 P ; ooP=94° 47'. Axial angle 80° 55'. The plane of the optic axes is perpoii- 
dicubir to the plane of symmetry. Thiacetamido molts at 108°. It dissolves readily 
iti ether, differing therein from acetamide. Its solution gives with platinic chloride a 
precipitate of ammonium platinochloride. It is an extremely unstable compound, 
and is resolved, both by acids and by albilis into acetic acid, ammonia, and hydrogen 
sulphide. It is desulphurised by mercuric oxide, iodine solution, silver nitrate, cupric 
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nitrate, lead acetate, and mercuric nitrate, in some cases immediately, in others only 
on heating (Bcrnthsen, Liebig's Ammlen, cxcii. 1). 

Aromatic Thiamides are produced: 1. Frtim amides, as already mentioned, 
by the action of phosphorus sulphide. 

2. By the action of hydrogen sulphide on imidoketonic chlorides : eg, thiobei;^- 
anilide or benzothianilide from imidodiphenylketonic chloride: 

C«H».CC1*NH(C«H») + H^S « 2HC1 + C«H».CS.NH(C®H») 

(H. Leo, Ber. x. 2133). 

3. By the action of hydrogen sulphide on the amidines of monobasic acids (p. 72). 

thus treated at 130® yields simultaneously thiobenz- 
amide or benzothiamide (m. p. 116®-! 16®), and thiobenzanilide (m. p. 96®- 
97®): 

(1) . + H»S = C*H».CS.NH» + C'H'.NH* 

(2) . C*H‘ + IPS = C*mCS.NH(C*H*) + Nff. 

Benzenyldiphmylamidine (m. p. 144®), similarly t reated, yields only me compound, 
viz. thiobenzanilide: 

+ IPS = C«H*a3.NH.C*H* + C«H»NH‘; 

but its isomeride, hcnzenyUisodiphenylamidim (m. p. 1 1 1°-1 12®), yields two compounds, 
viz. thiobonzamido and ^'cnzodiphenylthiamide, C*H*.CS.N(C®H*)* : 

(1). C‘n‘.C<;™,2a)J + H’S = C*H».CS.NH» + NH(C«H‘)» 

, (2). C‘H‘ + H'S = C«H*CS.H(C*H‘)’ + NH*. 

MethenyldipJtenylamiditie in like manner yields formothianilide or thio- 
formanilide : 

+ 2*3 = 1I0.S.NH.C*H» + NH«(C'H»). 

Bcnzenylmonophenylamidine, heated at 100®-120® with carbon sulphide, yields 
thiobenzanilide and thiocyanic acid : 

+ CS« = C*H*.CS.NH(C*H‘) + CNSH 

(Bornthsen, Ber. x. 1238). 

Thiobenzanilide, C’*II"NS, crystallises in sulphur-yellow tablets melting at 
97®. It is not acted upon by iodine. When heated, it gives off hydrogen sulphide, 
and leaves a body having the composition Heated with hydrochloric acid 

it yields benzoic acid, with evolution of hydrogen sulphide. Heated with potash-ley 
in a scaled tube at 160®, or with lead oxide, it is converted into benzanilido, 
C**H**NO. Fused with aniline hydrochloride, it yields benzenyldiphenyl- 
amidine : 

C*H» CS-NH-CyH’ + N(C‘H“)H* = H»S + C*H‘ 

(Leo. X. 2135). 

Thiobenzotoluide, or Benzothiotoluide, is prepared by the action 

of hydrogen sulphide on imidotolylphenyl-kotonic chloride : 

C«H*.CCRNH(CaH) + = 2HCI + C«H®.CS.NH(C»H»). 

It melts at 128 6®-129 6®. 

^Thiacet anilide, OII*.CS.NH(C®H®), prepared in like manner from imidophenyl- 
methyl-ketonic chloride, crystallises in light yellow needles melting at 74*5®-76®. 

Thiamides containing both fatty and aromatic radicles are formed by the 
action of haloid ethers (alkyl haloids) on the sodium-derivatives of aromatic thiamides. 
Thus sodium-thiacetanilide (which forms compact crystels) and ethyl bromide act 
Upon one another even at temperatures below 100®, forming thiobutyrylanilide, 
C*«H«SN : 

CH*Na.CS.NH.C®H* + C*H*Br = NaBr + C*H^CS.NH.C«H®. 

The best mode of proceeding is to bring together 2 mol. thiacetanilide, 1 mol. sodium* 
and 2 mol. ethyl bromide in alcoholic solution, and, after the action is over and ^e 
VoL. VIII. 6 K 
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alcohol has been cxpolled, distill off the product in a current of steam. It then 
passes over as a heavy oil 'whicli boils at 250°, is insoluble in water and in alkalis, 
soluble in alcohol and ether, and is resolved by heating with dilute acids into aniline 
and a sulphide. Its hydrochloride^ C*®1£**NS,HC1, prepared by passing hydrogen 
chloride into the ethereal solution of the base, forms white very soluble crystals ; the 
^latinochloride, [C’®H*®NS,HClpPtCl\ is somewhat sparingly soluble. Methyl iodide 
and sodium-thiacetanilido yield in like manner a base boiling at 240°. Mhyl mono- 
ehUracetate and sodium-thiacetanilide react in a more complex manner, one of the 

products consisting of ethenyldiphenylamldine, CIP.C^^ (Wallach, 

Ber, xi. 1590) 

Compounds isomeric (or identical) with those thianilides (imido-thioethers) are 
obtained by passing gaseous hydrogon chloride into a mixture of a nitril and a mer- 
captan in equivalent proportions, the whole then solidifying to a crystalline mass 
consisting of the hydrochloride of the imido-thioethor, e.g . : 

C*H».CN + HSC’H" = 

Bcnzonitril. Amyl-mer- Benzimidothio- 

captan. amylcthcr. 

The hydrochloride of this imido-thioother, C*®H”NS,nCl, ciystallises in flat white 
needles. The free ether is a colourless mobile liquid (Pinner a. Klein, Bcr. x. 1825). 

According to Wallpch, the baseS obfcuned by the action of alkyl haloids on the 
sodium-derivatives of the ^iamidcs arc identical in constitution with the imido-thio- 
ethers ; if so, the formation of one or the other of these bodies must be attended with 
atomic transposition. ^ 

The following thiamides (or imido-thioethers) have been obtained by Bernthsen 
{Liebig's Annakn, cxcvii. 341) : « 

Bhenylthiacetethylaw ide^ C‘®H*®NS = C®JI*.CH*.CS.N1I(C‘^H®)'*, or Phenyl- 
acetimidothioetkyl ether, is formed, as a hydriodide, by the 

action of ethyl iodide on phenylthiacotamide at a temperature below 100° : 

C«H».CH*.CS.NH* + C^H^I « C«H*.CH2CS.NH(C«II0,ni, 
or C®H».CH*.C(NH).S.C=‘H®,HI; 

and on treating the hydriodide with soda-ley, the thiamide C’®II**NS is obtained as an 
oily body, very unstalde, and resolved by heat into mercaptan, C^H^SH, and benzyl- 
cyanide, C«H».CH'-'.CN. . 

Thiohenzethylamide, C®H“NS = G*H*.CS.NH(C®IP), or Bensimidothio- 
eihylether, C®H\C(NH).S.C^H^ is obtained, ns a crystalline liydriodido, by the 
action of ethyl iodide on thiobeiizamide, It resembles the preceding com- 

pound, but is much more stable. It is resolved by heat into benzonitril and mercaptan. 

Thiohemo-hemylamide^ C®H®.CS.NH(C’H'), or Bensimidothiobenzyl- 
ether, C®H^.C(NII).S.C'1I', is obtained as a hydrochloride by heating thiobenzamido 
with benzyl chloride, or a mixture of benzonitril and benzyl mercaptan with gaseous 
hydrogen chloride. 

Phenylthiacet amide, Phenylacetothiamide, or Thio-a-tolylamide, 
C®H®NS = C®11*.CH*.CS.NH*, is obtained by the action of phosphorus sulphide (2pts.) 
on phenylacetamide (3 pts.) (Bernthsen) ; also, togetner with phenylacediamine thio- 
sulphate, by the action of hydrogen sulphide on benzyl cyanide 

(Bernthsen,. J?er. viii. 677). It unites directly with methyl iodide and ethyl bromide, 
forming crystalli sable compounds which may be regarded as hydriodide and hydro- 
bromide respectively, inasmuch as when placed in water they dissolve at the first 
instant, forming solutions which immediately give precipitates with silver nitrate ; 
after ten to thirty seconds, however, these solutions become turbid, and deposit fetid 
oils. When the freshly prepared solution of the product obtained with methyl iodide 
(which has the composition C®H*NS,CH*S, and molts at 138°-139°), is treated with 
recently precipitated silver chloride, the latter is immediately converted into iodide, 
and the filtrate gives with platinic chloride fine yellow laminae of the compound 
(C®H’®XSCl)®PtCP. Phenylthiacetamide and henzaldehyde, heated together for three 
or four hours, unite, with elimination of water, forming a thick yellowish-rod oil, 
C-^>H«N®S® = C«IP.CH(NH.CS.CH2.C“H®)*?, the dilute alcoholic solution of which 
gives, with platinic chloride, a brown pulverulent precipitate having the composition 
C“H”N®S*,PtCP (Bernthsen). 

TBXAMMBXiZVSf C®H®N®S, is formed, together with thiomelanuric acid, by the 
action of ammonia at 100° on perthiocyanic acid. It is a white sandy powder which, 
when heated with potash, splits up into ammonia and a mixture of cyanic and thio- 
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cyanic acids. It disBolves in 145 pts. of boilizig water. By hot concentrated hydro- 
chloric acid, it is resolved into hydrogen sulphide, ammonium chloride, and cyanuric 
acid. Nitric acid oxidises it to ammoline nitrate. Heated with ammonia it yields a 
body haring the properties of melamine. Tbiammeline dissolves in acids and in 
alkalis, and gives precipitates with salts of the heavy metals (Ponomaroif, Comj^ 
md. Ixxx. 1384). 

TBZAWXianri:, OP TBZOAirX&ZlfS, C**H’*N®S=s(C®H^NH*)®S. This com- 
pound, which Merz a. Weith obtained by boiling aniline with sulphur (vii. 1154), is 
also produced: a. By reduction of nitrophonyl sulphide, (C®II^.NO*)*S (p. 1546). 
i9. By the action of sulphur iodide [? S'-'I®] on aniline at 160°-170®, in small quantity 
however, and mixed with a laige amount of resinous products. The thianiline 
obtained by both these processes melts at 105®-106®, agreeing therein closely with 
Merz a. Weith’s product, which melted at 104®-105°. With aniline and sulphur 
chloride a product was obtained melting at 108®-109°, and agreeing in all other 
respects with the preceding (E. Schmidt, Ber, ix. 1060; xi. 1168).* Thianiline is 
also found in the mother-liquor obtained in the preparation of o-triphenlyguanidine by 
the action of thiocarbonyl chloride in ethereal solution on aniline (Rathke, Liehig'a 
Annalm, clxvii. 211). 

Bithianiline, = (C«IP)2S2(NH2)2 (E. B. Schmidt, Rer. xi. 1168).— 

This compound is formed, together with monothianilino and resinous sulphuretted 
products, by the action of sulphur bromide on aifiline. Its sulphate is obtained by 
heating dithiacetanilidc {infra) with dilute sulphuric acid, anePwhon purified byrecry- 
stallisation from water, forms small white slender needles or warty masses which 
acquire a reddish tint on exposure to the air. It contains 2 mol. water of crystallisa- 
tion. Dithiacotanilide heated with hydrochloric acid yields, not the corresponding 
hydrochloride of dithianiline, but a free bisulphurettod base, C’*K*^N®S*, designated by 
Sclimidt as pseudodithianiline. This ba^io crystallises from water in long thin 
greenish needles having a vitreous lustre; it melts at 79°, dissolves readily in 
alcohol, ether, and chloroform, sparingly in benzene, ligro'in, and carbon bisulphide. 
Schmidt represents the two so-called di^ianilines by the following formula : 

DitWanilino .... 

Pseudodithianiline. . . NH».C*H‘S.S.C»n*.NH» 

Dithiacetanilidef (C*II\NH.C'‘*il*0)*S*, and Trithiacetanilide, 
are formed by the action of sulphur chloride on acetanilide at 
100°, and are separated by their different degrees of solubility in glacial acetic acid. 
Bithiacetanilide is easily soluble in glacial acetic acid and in alcohol, and crystallises 
from the former in largo greyish-white laminae, from the latter in pointed shining 
noedles ; in other solvents it is either insoluble or very sparingly soluble. It molts at 
216°-217°. By sulphuric or hydrochloric acid it is resolved into acetic acid and 
dithianiline. • 

IHthiacetanilide is but sparingly soluble in glacial acetic acid, and crystallises 
therefrom in nacreous laraina* melting at 213'’-214-5°. It is moderately soluble in 
warm alcohol, from which it separates in .stellate groups of small crystals. It is de- 
composed by sulphuric or hydrochloric acid into acetic acid and trithianiliue 
(Schmidt). 

TBZOBBBZAZiBBBYBB, (IT. Klinger, Ber, ix. 1893 ; x. 1877) 

This compound is formed by passing hydrogen sulphide into an alcoholic solution of 
bitter almond oil, and is obtained, according to the concentration of the solution, 
either in amorphous reddish flocks, or as a quickly solidifying oil (a-modifleation). 
It softens at 83°-85°, decomposes at a higi'r..r temperature, dissolves very readily in 
benzene and in chloroform, somewhat slo^ny in hot alcohol. By treatment with acid 
chlorides, it is converted into a modification (P) which forms white shining needles, 
melting with decomposition at 225°-226°, easily soluble in hot glacial acetic acid, 
less easily in alcohol, benzene, and chloroform. The amorphous modification, heated 
with finely divided copper, yields C‘^II*®. 

On adding a very small quantity of iodine to a .solution of the amorphous (a) 
thiobenzaldehydo in benzene, crystalline needles separate in a short time consisting of 
a compound of /S-thiobenzaldehyde (m. p. 225°), with hensme, C®H\CHS,C®H®, which 
gives off the benzene at 126°-130°. 36 pts. of a-thiobenzaldehydo thus treated yield 

9 pts. of the i3-modification. The latter heated with finely-divided copper yields so 

• J. Hoorcla Smit (^<r. vill. 144r>), by acting on aniline with sulphur chloride, obtained a body 
which he calls thianilide^ having the sumo composition as thianiline, but differing from the latter 
Bltimther in its physical properties, being a yellow oil at ordinary temperatures, and boiling at 330^* 
840^ Its diacetyl derivatlvo melts at 12dM2S° ; the d((K;a£oyl-dcrivaUye at 150°. 

6k2 
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large an amount of stilbene (f of its weight) t^t this method may be advantageously 
us^ for tho preparation of stilbene (p. 676). 

is converted by oxidation with nitric acid into benzaldehydo 
and benzoic acid ; by heating with lead oxide into lead sulphide and benzaldehyde, 
together with small quantities of stilbene and high-boiling sulphur-compounds 
(Klinger). ' Treated with strong potash-ley it yields a mixture of benzyl hydro- 
sulphide, benzyl bisulphide, and benzoic acid (Bdttinger, Ber, xii. 1053). 

Tho thiobenzfildehyde (m. p. 78®-80°) which Cahours and Fleischer obtained by 
the action of potiissium hydrosulphido on betizylene chloride, C'H*CP, in alcoholic 
solution (vi. 329), is regarded by Klinger as a third modification (7). It is not con- 
verted into the jS-modjfication either by acetyl chloride or by iodine. 

TBZOBBZrZAXIf ZDS, C^H^OS.NH^. The action of iodine on this body gives 
rise, as already mentioned (vi. 258), to the compound which crystallises 

from hot alcohol in long needles melting at 90®. 

Amidothioh ensamide^ C*H^(NH*).CS.NII*, is acted upon by iodine (both in 
alcoholic solution) in tho same manner, and on evaporating the resulting liquid, 
there remains a brownish resinous substance, from which, by repeated boiling with 
water, a body is extracted which separates from the hot filtrate in white slender 
needles, and when purified by recrystallisation from water has tho composition 

t C«HVNH*)— C=:N 

* I 

C“H'2N'S = S 

I* 

C«IP(NH*)-0=N 

This compound molts between 128° and 1*29°; dissolves in alcohol, ether, carbon 
sulphide, chloroform, and betzono ; exhibits marked basic properties ; and forms a 
cr^-stallinc sulphate and hydrochloride, also a yellowish bulky platinum salt, with 
addition of 2 mol. of acid (R. Wanstrat, Ber, vi. 332). 

TBZOBBBZAZrZZiZBB, C«H*.CS.NII(C«IP). See Thiamides (p. 1924). 

TBZOBBlfZOZC BTBBBS. hopvtiiyl or Amyl ThiohenzoatCy or Bcnsoyl- 
isopentyl Sulphide, is but slightly acted on by the per- 

manganates of potassium and silver even at the heat of tho water bath. Tho ef hylic 
ether, on tho other hand, is converted ly silver permanganate in presence of sulphuric 
acid, even at ordinary temperatures, into benzoic suid ethylsulphonic acids (Beckmann, 
Ber, xi. 1687)- 

TBZOBBBZOPBBlfOSTB, or JHphinyl Thiohionc, C«IP.CS.C«II», is formed by 
the action of potassium sulphide on diphenylkctonic chloride (benzophenono chloride): 

C«H5.CCl'^.C«ir' + K-S = 2KCI + C«lP.GSg«II*. 

It is also formed as a secondary product in tho preparation of thiobenzpinacono 
(infra), and remains in the mother-liquors. It crystallises in small white needles 
melting at 146-5°, is not attacked in alcoholic solution by copper. By hydrogen 
sulphide, especially in tho nascent stjite, it is converted in alcoholic solution into the 
thiopinacone (G. Engler, Ber. xi. 922). 

TBZOBEZrZPZBACOBB, C2«II«S*=(G«1I»)-(IIS)C— C(SH)(G«U^)2, is formed 
by the action of ammonium-hydrogen sulphide on benzophenono (Engler, Ber, xi. 
922)'; also, together with thiobenzophenone, by the action of potassium-hydrogen 
sulphide on benzophenono chloride (Behr, Ber. vi. 970). It melts at 161°, ami is 
converted in alcoholic solution by finely divided copper into tetraphenylethane, 

(G«H‘)2HG— GH(G‘'H»)" (p. 1916). 

TBXOOAUBACBXO-ACBXAXB, BXBXXiXO, CH’.CO.C^qqq,^,. 

This ether is formed, together with small quantities of carbon oxide and lead ^sul- 
phide, when ethylic acotoacetate (p. 12) is heated at 100° in a sealed tube with 
carbon sulphide and lead oxide, and may be extracted from the product by alcohol. 
It crystallises in straw-yellow needles, melting at 166°-162° (Norton a. Opponheim, 
Ber, X. 701). 

TBZOCABBAMATB8. On the action of Ammonium Thiocarbamate on 
Aldehydes, see p. 387. 

Potassium PhenyUhiocarhamate is formed by the action of carbon bisulphide and 
potassium hydroxicie on aniline : 

0»H*NH» +. GS* + KOH « H*0 G-H* NH.GS.SK. 
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The actual product of the reaction is always however the acid potassium salt, 
C^H®NS'‘*K.C’H^NS*‘* ; and this salt is most convoniently prepared by heating an 
alcoholic solution of aniline and potassium xanthate in molecular proportions for 
three or four hours, the liquid on cooling first depositing diphenylthiocarbamido and 
then the acid potassium salt, while a thiocarbamato remains in solution. The acid 
potassium salt rocrystallised from lukewarm water, forms golden -yellow, transpareirtf, 
monoclinic crystals, which when crushed by pressure, yield a white powder, turning 
yellowish again at about 30°, Between 60° and 70® the crystals melt iu their water 
of crystallisation ; at ordinary temperatures they dissolve in less than tlioir own 
weight of water. The solution decomposes when heated, yielding diphenylthiocar- 
hamide and phonylthiocarbimido, C*H*.NC»S. The salt when exposed lo the air 
decomposes into phenylthiocarbimide and potassium dithionate, a small quantity of 
diphenyl thiocarbamide being formed at the same time. It is decomposed by salts of 
heavy metals with formation of phenylthiocarbimide and a metallic sulphide. The 
potassium salt when heated yields water and diphenylthioenrbamide, and is resolved 
by acids into aniline and carbon bisulphide. Its solution takes up large quantities of 
aniline, and if subsequently heated gives off hydrogen sulphide, and deposits diphenyl- 
thiocjirbamido. The dissolved potassium salt is resolved by aniline salts into 
diphenylthiocarbamido, aniline, carbon bisulphide, and hydrogen sulphide ; by 
ammonium salts into diphenylthiocarbamide, ai? rnonia, carbon bisulphide, and 
ammouium sulphide (B. Bathke, Ber. xi. 988). 

THZOCABSAlinBB. XIP.CS.NH*. Sul^rea (Bemtison a. Klinger, Ber. xi. 
492). This body (p. 39/)) unites with alcoholic iodides ^Ikyl iodides), forming 
strongly basic compounds, which exhibit the characters of sulphinc-compounds. 
Methiodide thiocarhamidey. iS211‘CS,CIl*I, crystallises in prisms which melt at 177®, 
and dissolve readily in water and in alcol'ol. On agitating its aqueous solution with 
silver chloride, the iodine is replaced by chlorine. On adding silver oxide to the 
aqueous solution of the iodide, silver iodide is formed, .^.ogother with a strong base 
which has not been isolated : its solution, neutralised with hydrochloric acid and 
mixed with platinic chloride, yields IYlq platinochloridey (N-Il^CSClI“Cl)‘'TtCl‘-i- H’-'O, 
■which crystallises in groups of small prisms, efflorescing on exposure to the air, and 
giving off the whole of their water at 110®. The solution of the base gives a character- 
istic precipitate wdth metallic salts, and when left to evaporate deposits crystals which 
after a while cease to oxhibit basic reaction. On agitating the aqueous solution of 
the methiodide-thiocarbaniide with mercuric oxidcy cyan amide, or d icy a nodi a - 
mide, is produced, together with a yellow flocculcnt substance resolved by heat iuto 
mercuric iodide and methyl sulphide. 

The hydriodide of methylthiocarhamidey NH*.CS.NH(OH*),HI, mctameric with the 
compound just described, crystallises in large laminae, melts below 100°, and yields a 
platinochlorido which crystallises in concentric groups of bent and branched needles. 
Silver nitrate added to its solution throws down silver iodide and a silver compound 
of methylthiocarbapiido, whereas the solution of the metamoric compound, when 
similarly treated, deposits notliing but silver iodide. The hydriodide of methylthio- 
carbamide is immediately desulphurised by silver oxide, and converted into methyl- 
cyanamide. 

Ethiodide thiocarbamide acts just like the methyl-compound, excepting that when 
treated with silver oxide it is very easily converted into cyanamido. These addition- 
products are decomposotl when i^mowhat strongly heated, yielding hydrocyanic acid 
and products not yet examined, partly amorphous, partly crysbilline, the latter being 
converted into the former by heat. 

Thiocarbamide unites also very readily with bens^yl chloridCy forming the com- 
pound CSN'‘*H^C’II’C1, which may bo purified by washing with ether, crystallises 
from water and from alcohol in small needles, and melts at 1()6°-168°. On evapo- 
rating its solution in hydrochloric acid, decomposition takes place to a very slight 
extent, attended with the formation of white bulky needles, while the greater quan- 
tity crystallises in largo colourless prisms having the same melting point as the crude 
product. The corresponding plaiimchloiide crystallises in yellow prisms. The/ree 
iose, C*1£*®N-S, is sepjirated from the solution of the hydrochloride by ammonia or 
sodium hydrate in the form of a very bulky white precipitate. It is somewhat 
sparingly soluble in water, and crystallises from ether, alcohol, or host from benzene, 
in white felted needles; its solutions decompose very readily when heated, the aqueous 
solution becoming turbid in,^ consequence of the formation of benzyl hydrosulphide. 
The base melts at 71°-72°, and is resolved at a slightly higher temperature into 
benzyl hydrosulphide and dicyaiiodiamide. It dissolves readily in acids, the hydro- 
chloride thus formed being identical with that above described (Bornthsen a. Klinger, 
Her. xii. 674). 
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Thiocarbamido, heated with thiocarbonyl chloride^ GSOP, yields the hydrochloride of 
thiodicyanodiamine, C-H®N^S,HC1 (p. 1930). 

On the reaction of thiocarbimide with cnianthyl, see (Enanthtlenb Thiocabbi- 

MiDR (infray 

Biethy l-thiecarbamide, CS(NnC*H®)®, is formed, together with ethyl thio 
carbamide, ethylammonium iodide, carbon bisulphide, and free sulphur, by the action 
of iodine on ethylthiocarbamate of ethylamine : 

6[NH(C2H».CS.SNH®(C2H®)] + 3P = CS (NIICW)* + 2CSNC*Hs 
+ 6(G^H")E»NI +'2CS* + 3S. 

Diethylthiocarbamide treated with iodine yields sulphur and hydrogen iodide, but no 
ethylthiocarbimide (Rudnetf, Ber, xi. 977). 

Bhenylthiocarhamides. — ^Mono- and di-phenylthiocarbamide — and likewise 
phenyl-xanthamide, C^H^S.CO.NH'-*— dissolve in aqueous potash and soda (not in am- 
monia), and are precipitated from the solution by acids, even by carbonic acid. In 
these alkaline solutions the two thiocarbamides are easily and completely desulphurised 
by lead oxide, yielding respectively phenyl cyanamide, CN=‘H(C®H*), and diphenyl- 
guanidine, CN*H®(G“H^)-. The phonylthiocarbamides also dissolve with moderate 
facility in concentrated hydrochloric acid, the solution of monophonylthiocarbamide 
being very permanent oven at the boiling heat, whereas diphonylthiocarbamide 
heated with hydrochloric acid is conj'ertod into carbanilido, CO(NHC®H*)'* 

The desulphuration cof monophenylthiociirbamido dissolved in alcoholic ammonia 
produces monophenylguanidine (Rathke a. Feuerlein, Ber. xi. 772, 1602). 

TBZOCARBZMZDSS, or ZSOTBZOCTA1AA.TSS (AZiCOBOZiZC), 

R — NmCS. Mustard-oils. Action of Chlorine and Bromine. Etbyl-thlocar- 
blmlde, C“H^N~CS (p. 761), is energelicaj[ly attacked by dry chlorine, with form- 
ation of sulphur chloride and other products of further decomposition; but on passing 
dry chlorine through a coolcif mixture of ethylthiocarbimide and anhydrous ether iij 
equal volumes, the liquid soon solidifies to a thick yellowish pidp, which, when left 
for a day or two under the air-pump, is converted into an unstable yellowish-white 
powder. On drenching this powder with soda-ley, a small quantity of sulphur sepa- 
rates, and a heavy brown oil is produced, which after some time solidifies to a crystal- 
line mass ; and on pressing this mass between filter paper and dissolving it in a small 
quantity of alcohol, the solution deposits splendid colourless tablets and prisms, a 
centimeter long, consisting of a compound of 2 mol. ethylthiocarbimide and 1 at. 
oxygen, (C-'H*NCS)“(), The crystals melt at 42®, are insoluble in water, but dissolve 
easily in alcohol ; are oxidised by strong nitric acid, with omission of red fumes ; and 
form with platiuic chloride a red non-crystalline compound. On treating their solu- 
tion \nth ammonium sulphide, sulphur immediately separates, and the filtrate yields 
on evaporation fine crystals which melt at about 60®, and therefore do not consist of 
ethylcarbamide as might have been expected (E. Sell, Ber. vi. 322). 

On tlie Thhearhimides of Butyl (primai*y and secondary), and on ButmyU or 
Croionyl-thiocarhimidef C^1^^NCS, see p. 607. 

Pentenyl- or Angelyl-tliiocarbimlde, C^H®.N=CS, is prepared, like the 
butyl-compounds, from the volatile mixture of primary and secondary monaminos and 
diamines resulting from the action of ammonia on the dibromido obtained from com- 
mercial amyleiie and bromine. It boils at 190®, and unites directly with ammonia, 
forming the compound C*H*NCS,NH’, which crystallises in needles and melts at 
103® (Hofmann, Ber. viii. 105). 

‘ Beptylene- or CBnantbylene-tbtocarblmide, G'H*\NGS)^ Thiocarbamide 
and oenanthal, dissolved together in alcohol, react on addition of a drop of hydrochloric 
acid, forming oenanthylcno-disulphlireid, C’H*\NH.CS.NH‘‘®)* ; and on mixing 
the resulting solution with a larger quantity of hydrochloric acid, sal-ammoniac sepa- 
rates out, and cenanthj^lone-thiocarbiinide remains dissolved : * 

C’H*'(Nn.CS.NH2)* + 2HC1 = 2NH«G1 + C»H‘<(NGS)* 

GSnanthylene-thiocarbimide is an oily liquid having an extremely repulsive odour. 
By treatment with ammonia, it is reconverted into the above-mentioned eenanthylene- 
disidphureid, which forms with oenanthal a vitreous polymoride (H. Schiff, Ber, 
xi. 830). 

Pbenyltbiooarblmlde, G®H® — N=:GS, is converted by chlorine into the chloride 
of phenyl-isocyanido or phcnyl-carbamine, 0®H*.N=:GG1*, which is a heavy yellowish 
liquid having an extremely unpleasant and pungent odour, and boiling at 2ll®-212®. 
Bromine acts differently. On mixing phenylthiocarbimide diluted with 3 vol. cbloro- 
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form with an equal weight of bromine, likewise diluted with 3 vol. chloroform, the 
mixture after a few hours deposits a deep orange-red body having the composition 

C«H».N=:C;— SBr 

0**H*®N®S*Br* =» ^ . Its formation may be represented by the 

0»H».Nz=allsBr / ^ 

equation ; 

3C«H»NCS + Bi® » C**H»®N2S»Br* + C«H»NC. 


This orange-red body is decomposed by water at 100®, with evolution of carbon dioxide 
and hydrogen sulphide, and formation of the hydrobromides of aniline and a base 
C"H*NO, which also separates in the free state as a resinous body, and may be 
obtained bv crystallisation from alcohol in long white needles melting at 156®, slightly 
soluble in hot water, dissolved with difficulty by strong hydrochloric acid, and pre- 
cipitated from the solution by alkalis. With platinic chloride it forms a well- 
crystallised double salt. 

When the original orange-coloured product is boiled with alcohol, hydrogen 
bromide and ethyl bromide aro evolved, and the liquid on cooling deposits sulphur- 
yellow crystals of the compound 0*^H‘®N*S*=3C -li*N=:C-— S — S — CmiNC®!!*, while 

1 S_ — « 

the base C®H®NO remains in the mother-liquor. JTheso crystals, which are also produced 
by the action of glacial acetic acid on the orange-red bod^^ are insoluble in water, 
sparingly soluble in cold, easily in hot alcohol, and melt "at 162®. When digested 
fbr some time in alcohol, t^'ey give off hydrogen sulphide and sulphur dioxide ; heated 
at 200® with strong hydrochhrie acid, they yield CO'^ SO-, S11-, and aniline. Treated 
in alcoholic solution with nascent hydr yen^ they yield mercaptan, aniline and a resin. 
Heated with finely divided copper^ they are partly converted into phenyl-thiocarbimide, 
but at the same time phenyl ist^^yanide and crystals of inknown composition are formed. 
When digested with alkaline lead hydroxide, they yield 00-, 80“ and diphenylcarba- 
mide. The yellow body is not formed by treating phcnylMiiocarbimide with sulphur, 
or carbodiphenyliraido with sulphur or carbon bisulphide (Proskauer a. Soli, Ber, 
ix. 1262). 

Phenylthiocarhimido, treated at ordinary temperatures with hydrogen sulphide, 
yields thiocarbanilido and carbon bisulphide (Proskauer a. Sell). 

When vapour of sulphur trwxide is passed over phenylthiocarbimide, sulphur 
dioxide is given off, and a compound, C’II®NS“0*, is formed, which dissolves in benzene, 
and separates therefrom in crystals mcilting at 180°-183°. It is insoluble in water, 
alcohol, ether, and glacial acetic acid, but dissolves in boiling benzene, also in chloro- 
form and nitrobf.nzone. By water at 100® under pressure, it is resolved into carbon 
dioxide, hydrogen sulphide, and sulphanilic acid, whence its constitution may probably 

< HH.CS 

I (Magatti, Ber, xi. 2267). 

SO“.6 

Phenylthiocarbimide and phosphorus pentachloride, heated together in a sealed 
tube for five or six hours at 160®, form phosphorus trichloride, phosphorus thio- 
chloride, PSCP, isocyanphenyl chloride or phenylcarbimide chloride, C®H®.Ni=:CCl*, 
and products of higher boiling point. At the same time there are formed largo yellow 
crystals of the hydrochloride of chlorophetiylthiocarhimide, 0®H^C1.NCS,HC1, which 
dissolve but sparingly in benzene and chloroform, but readily and with decomposition 
in water and in alcohol. Water separates chlorophenylthiocarbimide, a 
strongly refractive oil which may be dried over ciilcium chloride ; it has an aromatic 
odour, boils at 248®, dissolves readily in alcohol, but is insoluble in water ; unites 
with dry hydrogen chloride, forming a crystalline mass, probably having the composi- 
tion above specified. . According to its chemical reactions, however, this body does 
not appear to be a true thiocarbimido, not being attacked by alcohol and ammonia 
even at 100®, and therefore differing from the chlorophenylthiocarbimide previously 
known. 

Water, especially in presence of acids, converts the so-called chlorophenylthio- 
carbimide at a somewhat higher temperature into the corresponding hydroxyl-compound, 
C’H®NS(OH), which may be conveniently prepared by heating the crude hydrochloride 
with alcohol till dilute alkalis no longor separate an oil from it. Hydrochloric acid 
added to the solution throws down the hydroxyl-compound, which quickly solidifies, 
and may be obtained by solution in hot alcohol, in well-defined crystals melting at 
136®. It is insoluble in water and ammonia, soluble in ether and the fixed alkalis, 
and is precipitated from the latter by acids (A. W. Hofmann, Ber, xii. 1126). 

The true hydfoxyphenylthiocarbimide, C®IIXOH).NCS, is obtained ; a. By boiling 
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an alcoholic solution of orthamidophenol with carbon bisulphide in a stream of 
hvdrofteD : 

C«H^OH)NH2 + CS* - + C«H\OH)NOS. 

The boiling must be continued as long as hydrogen sulphide continues to escape, and 
on recrystallising the yellowish-grey crusts thus produced from alcohol and boiling 
water, the hydroxythiocarbamide is obtained in broad nearly colourless needles melting 
at 196°. It does not volatilise with vapour of water; chars when heated above its 
melting point; dissolves readily in ammonia, and crystallises out unaltered. On 
adding silver nitrate to the ammoniacal solution, ^white flocks are precipitated which 
do not blacken when boiled. Boiling aniline *docomposes tlie hydroxyplienylthiO' 
carbimide, with evolution of hydrogen sulphide. Hydrochloric acid at 170° decomposes 
it into 00^ H^S, and amidophenol (.T. Diinner, Ber. ix. 465). 

The same hydroxyphenylthiocarbimide is formed by the action of a high tempera- 
ture on ortho-hydroxyphenylthiocarbamido, C*H^(OH).NH.CS.NH“ (J. Bendix, iWd, 
xi. 2262). 

o-Toljl-tlitoearbimIdei C*H^(CH^)NCS. The action of chlorine on this com- 
pound diluted with chloroform, gives rise to a dichloride, G^H^NCCP, which boils at 
218°, is insoluble in water, and is energetically decomposed by alcohol, glacial acetic 
• acid, and potash-ley. Alcoholic potash converts it into o-tolyleth yl-urethano, 
C’H'.NH.CO*H*, which melts at 46°, and volatilises with vapour of water, and 
o-ditolyl-carbamide, N‘H^(C^H')‘CO, which melts at 250°, and does not volatilise 
with water- vapour (G-. Lachmann, xii. 1349). 

Cjmyl-tblooarblmldef C'"H’^N0S (or Cuminyl-thiocarbimide), is formed from 
dicymyl-thiocarbamide by the action of phosphoric aiihydry^e (which abstracts cymyl- 
amme) : 

(C'®H»)-H»N=CS - (C*®H‘»)H*N = C'^H'^NGS. 

It is a colourless liquid having an odour of mustard-oil, faint at ordinary temperatures, 
but becoming distinct on heatfing, and distils, with partial decomposition, between 
245° and 270°. It unites after sometime with ammonia, forming cymyl-thiocarbamide 
or cymjrl-thiosinamino, (G‘®H“)H*N2CS, which crystallises.in needles, and with cy7nyU 
amine immediately, forming dicymyl-thiocarb amide, (C*®H**y*lPN*GS, which 
' crystallises from dilute alcohol in white needles having a satiny lustre, and melting 
at 128° (A. Baab, Ber. x. 52). 

TBZOCASBOirZC STHBRS (F. Salomon, J, pr. Chem. [2], vi. 433 ; vii. 252 ; 
viii. 114). Of these ethers, the following are theoretically possible, taking the ethyl- 
compounds as examples : 

^^OEt Carbonyloxythiodiethyl 

CSq^J Thiocarbonyldioxydiothyl 

^^SEt Carbonyldithiodiethyl 

GSgp^*' Thiocarbonyloxythiodiethyl 

GSg£^ Thiocarbonyldithiodiethyl 

1. Carbonyloxythiodiethyl is readily obtained by the action of ethyl chloro- 
carbonate on sodium mercaptide. A mixture of mercaptan with about twice its 
volume of ether is introduced into a flask surrounded with a freezing mixt are, an 
equivalent quantity of sodium is added, and then ethyl chlorocarbonate by drops. 
, ^When the reaction is completed, the mass is diluted with about twice its volume of 
water, and the ethereal layer which rises td the surface is decanted and submitted to 
fractional distillation. The carbonyloxythiodiethyl then passes over between 150° 
and 156°. It is a colourless strongly refractive liquid, having an aromatic taste and 
a peculiar odour like that of rotten fruit. When heated in the air, it burns with a^ 
faintly luminous flame, emitting a large quantity of sulphurous acid. It is insoluble* 
in water, but dissolves in alcohol and common ether. Sp. gr. =: 1-0285 at 18°. 
Boiling point 156°. Its reactions with alcoholic potash, alcoholic ammonia, and 
water are represented by the following equations ; 

GO(OEt)(SEt) + 2KOH « GO(OK)* EtSH + EtOH 

Mercaptan. Alcohol. 

CO(OEt)(SEt) + NH» * GOCNH'OOEt + EtSH 

Urethane. 

CO{OEtXSEt) + H*0 « CO* + EtOH + EtSH 
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Oarbonyloxythiodiethyl is also produced by the action of ethyl bromide on the salt 
CO(OEt)SK, produced by the action of alcoholic potash solution on ethyl xanthato, 
CS(OEt)(SEt), or by passing carbon oxysulphide, COS, into alcoholic potash. 

2. Thiocarhonyl-dioxy diethyl^ CS{OEt)*. — This ether (ethylic monoaulpho^ 
carbonate) was discovered by Debus, who obtained it by dry distillation of the com- 
pound (C"ir'’0)*2CS'‘* (v. 497, 499). Salomon finds that it exhibits the properti^ 
describe by Debus, but is difficult to purify. It exhibits the following reactions : 

CSlOEt)= + KOH. = CO^|‘ + Eton 

CS(OEt)-'' + 2Nn> - CSN(NH<) + 2EtOH 

3. Carhonyl-dithiodiethyly CO(SEt)*, was obtained by the action of strong 
sulphuric acid on ethyl thiocyanate (Schmitt a. Glutz’s method, vi. 413); 

2C*H*SCN + 3H'-0 + 2H‘-’SO^ * CO(SC*H“)2 + CO* + 2(NHMISO0; 
and by that of carbonyl chloride (phosgene) on sodium mercaptide : 

2C*H*SNa + COCl* = 2NaCl + CO(SC*JP)® 

tlie latter method yielding it in theoretical quantity. It is a nearly colourless strongly 
refracting liquid, easily soluble in alcohol, ether, and strong sulphuric acid. Alcoholic 
potash decomposes it into carbon dioxide and mefwiptan ; with alcoholic ammonia it 
yields carbamide and mercaptan. When heated with water A 160®, or treated with 
alcoholic potash, it is resolved into carbon dioxide and mercaptan: 

CO(SG^ID)* + H*0 » CO* + 2C*1DSH. 

With alcoholic ammonia it yields inorcapbm and carbamide (urea) : 

CO(SC*H^)* + 2NH* 2C*IPSII + CO(NH*)*. 

4. Carhonyl-oxythiodiethyl^ or Ethyl Xanthatey CS(OEt)(SEt), is best 
prepared by the action of ethyl bromide on poUissium xanthato, the action being then 
completed in a quarter of an hour, whereas when ethyl chloride is employed (Debus’s 
method) it takes a week. 

6. Thiocarhonyl-dithiodieihyly or Ethyl Trithiocarbonaiey CS(SEt)*, is 
also conveniently prepared by the action of bromethyl on the corresponding potassium 
salt, the action at ordinary temperatures being completed in about twenty minutes. 
The action of potassium hydroxide and ammonia on this ether is represented by the 
following equations : 

C.S(SKt)‘- + KOH = CO(SEt)SK + 2EtSH 

gS(SEt)* + 2NH* = CSN(NH^) + 2KtSII 

The following table exhibits a comparison of tho boiling points of the thiocarbonic 
ethers above described : 


poOC*H» 

125° 

1 

Diff. 


^^SC*IP 

156° 

J 

Diff. 

’ 31® 



161°. 

6° 


Diff.v 
■ 40° 


«oSC*H» 

196°^ 

Diff. 

J 


Diff. 

"39° 

poOC*IP 

200° J 

' 4° 

1 

Diff. 

> 


p«SC*H> 

'^®SC*H» 

240° 


40° 



Hence it appears that : 1. The introduction of an atom of sulphur into the ethylated 
radicle is accompanied by a rise of 40®, except in the case of the first two members of 
tho series, in which the difference is only 31. 

2. The introduction of sulphur into the carbonyl group is atteniled by a rise of 
4®-5® in the boiling point. 
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The specific gravities of those isomeric ethers are nearly equal, as shown in the 
following table, in which they are given for the temperature of 19^ : 




coi 


.OC'-'H* 


1 0285 


- 10325? 


co; 




CS 


,OC*H* 

’SC*H* 


1*085 


1*085 




CarbonyUthiocthyl Chloride, G0(SC2H*)01, is formed by the action of 
carbonyl chloride on mercaptan. On saturating mercaptan with the gas and leaving 
it at rest, the evolution of hydrogen chloride begins after a few hours, and continues 
till the following day ; and the liquid, on subsequent distillation, yields considerable 
quantities of carbonyl-thioethyl cliloride. The formation of this compound is repre- 
sented by the equation : 

COCl* + C^H^SII « HCl + CO(SC2H*)Cl. 

Carbonyl-thioethyl chloride is a colourless strongly refracting liquid, which emits 
a tear-exciting vapour. It has a density of 1*184 at 16®, and boils at 136®, Treated 
Yf\\h potassium ethylate, it yields carbonyl-oxythiodiethyl. With aqueous or alcoholic 
amTmyuia it forms a crystalline non-^lphuretted body, not yet examined ; but when a 
strong current of gasediis ammonia is passed over the chloride, it solidifies to a cry.s- 
talline mass, separable by ether into sal-ammoniac, whi^i remains undissolvod, and a 
body which dissolves in the ether and separates tlierofrom in largo dazzling white 
tablets. This body is thio-cthyl carbamate, C‘*ll’NSO = CO(SC'^IP)N I P. It is readily 
soluble in alcohol, ether, and hot water, insobible in cold water. Heated with potash- 
ley, it is resolved into carbon , dioxide, ammonia, and mercaptan ; by prolonged contact 
with alcoholic ammonia into mercaptan and carbamide. * 

The boiling point of carbonyl-thioethyl chloride (136®) differs from that of 
carbonyl-oxethyl chloride or ethyl chlorocarbonate, CO(()C*H^)Cl (94®), by nearly the 
same amount as that which exists between the boiling points of the above-described 
thiocarbonic ethers and the corresponding carbonic ethers (p. 1961), viz. 42®, The 
specific gravities of thio- and oxychlorides also differ by the same amount as those of 
the corresponding thio- and oxycarbonic ethers, viz. by about 0'06 (Salomon, J. pr. 
Chern. [2], vii. 252). 

The following methylic and ethyl-met hylic thiocarbonates have been 
prepared by Salomon a. Manitz (J.pr. Chem. [2], viii. 114): 

1. Thiocarbonyl-oxymethylthiethyl, obtained by the action of 

ethyl iodide on potassium methylxanthate, CS(OCH*)SK, is a liquid closely resem- 
bling ordinary xanthic ctlior in colour and odour, boiling at 184®, ^.nd having a density 
of 1*12 at 18®. With alcoholic potash it is resolved into motbylxanthamide (m. p. 45®) 
and mercaptan : 


On adding potassium ethylate (2 vol.) to the other (1 vol.) diluted with alcohol, the 
OC-IP 

potassium salt, , separates in slender needles. The decomposition is repre- 

sented by the following equation : 

CSg^2‘ + C»H‘OK + H»0 = CO^K^* + CH>.OH + C*H*SH. 

OG*H* 

2. The isomeric ether, CSg^^a , formed by the action of methyl iodide on potas- 
sium ethylxanthate, resembles the preceding in all its physical properties, and ,.is 
decomposed in the same manner by pota-ssium ethylate, yielding the salt GO(OC*H*)SK. 
By alcoholic ammonia, on the other hand, it is converted into xanthamido, 
CS(OC*H*)NH* and methyl mercaptan : 

8. Thiocarbonyl’oxymethyl-thiomethyl, or Dimethyl Xanthate, 
CSgQ^*, produced by the action of methyl iodide on potassium methylxanthate, is a 
fiuntly coloured, somewhat strongly refractive liquid, having a density of 1*176 &t 18® 
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aad boiling at 167®-168®. With ammonia it yields methyl-xanthamide, CS(OCII*)NH* 
(m. p. 43®); with potassium ethylate, the ethyl compound CO(OC*H®)SK. 

The peculiar action of potassium ethylate on these ethers, leading in all cases to ' 
the formation of an ethyl-compound as ihial product, is repeated in the action of potas- 
sium methylate on the ethylic ethers CS(OC‘^H»)(SC2H») and CS(OC*H*XSCH®^). 
whereby in each case the salt CO(OCIP)SK is obtained in tufts of needles having a 
vitreous lustre ; 

OSgp® + OH'OK + H^O = COg^^’ + C«H«SH + 

the ethyl in the group OC*H* being replaced by methyl. Hot alcohol also acts in a similar 

OPTT® 

manner, converting the last-mentioned sjilt into COgj^ , whereas with 

methyl alcohol the reverse action is not produced (Salomon). 

Carhonyl-dithio-dipseudo'propyl or Dithiopseudopropyl Carbonate^ 
CO[SCH(CH*)*p, formed by the action of strong sulphuric acid on psoudopropyl mer- 
captan, is a liquid having a repulsive alliaceous odour, and converted by hydrogen 
sulphide into perthiopseudoj^opylurctliane^ GS(SC“1I')NH-, which crystiillises from 
alcohol and ether in laminae having a splendid silky lustre and melting at 97® (Gerlich, 
Jitr, viii. 650). 

TKZOCVMYlbAMZBE, or TRZOCVMZWAMZBE, 

C*®H'*NS = C®11".CS.NH^. This compound i^ acted upon by iodine in the same 
manner as thiobcnzan)ide*(vi. 358). On mixing the two substances in alcoholic solu- 
tion, decoloration immediately takes place, sulphur is separated, and hydriodic acid is 
formed ; and if tho'additi* u of iodine be continued till an excess of it is indicated by 
addition of starch- solution, and the alcohol be then distilled off, there remains a 
brownish oil, which, when washed with ammoniacal w'ator, ilocantcd from tlio latter, 
and stirred for some time with a glass'* rod, solidities to a white amorphous nuiss, con- 
fcuiiinated with sulphur, which is clitRcult to separate. . When freed from this impurity 
by a somewhat circuitous process, the product is obhiiiud in the form of transparent 
colourless prisms several lines long, and molting at 45®. It has the composition 

C«UXC»H’)— C^N 
C«H*(C>H')— {j=N 

and its formation is represented by the equation : 

-h 41 = + 4HI + S. 

It is insoluble in water, soluble in ether, alcohol, chloroform, carbon sulphide, ben- 
zene, and strong sulphuric acid, and is separated from the last-mentioned solvent by 
water in its original state. By prolonged boiling with strong potash- or soda-ley, it 
is resolved into sulphur and cumoiiitril, C*Il“N, which latter, by assumption of the 
elements of water, is converted into ammonia and cumic acid. Thiocumylamido is 
not attacked by dilute alkalis or by lead oxide (K. Wanstrat, Ber, vi. 332). 

TKZOCYAlZATESf CN.H.R. See pp. 602-606. On the preparation of Metallic 
Thiocyanates on the large scale, see Tcherniak a. Giinzburg («7aAms5./. Ckem. 1878, 
1123X 

On Alcoholic Isothiocyaiiatos or Thiocarbimides, CS~N.R, see pp. 
606-608, and 1958-1960. 

TBZOOYMEirS, C‘®II"SII. See Cymenb-mrrcaptan (p. 623). 

TBZOBZCYAZrOBZAMZirs, C*H®N^S = Nir“.CS.NH.C(NH).NH* This 
compound is formed by the action of thiociirbonyl chloride, CSCl*, or of phosphorus 
pentachlorldc, on thiocarbamide. The reaction with PCI® is represented by the 
• equation : 

3CS(NH2)* + PCI® « C*H®N®S,HC1 + CS(NH2)2,H01 + PSCl*. 

Thiodicyaiiodiamiiie is a base forming transparent monoclinic crystals, which dis- 
solve in water, sparingly in alcohol, and yield a strongly alkaline solution. When 
heated above 100®, it melts and is completely transformed into the isomeric guanidine 
thiocyanate, HNniCCNH-^MICNS. 

The hydrochloride, C‘*H®N<S,HC1, forms fine transparent rhombic crystals, which 
dissolve freely in water and alcohol. The is an amorphous dark- 

coloured salt. The oraZate, C‘*H®N<S.C*H*0<-i- JIPO, forms small granular crystals, 
sparingly soluble in water. Both salts have an acid reaction (Rathe, Ber, xi. 962). 
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TBXODXBTBTKOXAMZDS, « (C2H»)HN(CS)*NH(C2H») (Wallach 

a. Pirath, Bet, xii. 1063). When dieth^loxamide is mixed with phosphorus penta- 
chloride, tlie mixture first liquefies, and if it be then gently warmed, gives off a large 
quantity of hydrogen chloride. If now the operation be interrupted at the first stage, 
and hydrogen sulphide be passed into the well-cooled liquid diluted with benzene, till 
hydrogen chloride ceases to be given off, thiodiethyloxamide will bo formed, and will 
separate, as the benzene evaporates, in largo, reddish-yellow, transparent plates. In the 
formation of this compound the oxygon of th(‘diothyl"Oxamido is first replaced by chlorine, 
and the resulting ainidochloride is then decomposed by the hydrogen sulphide, as 
represented by the equation : 

(C-’H»)HN.(CC12)‘-’.NH(C-H*) + 2IPS = 4HC1 f C*‘'H*HN.(CS)2.NH(C*K*). 

Thiodiethyloxamide melts at 54°. Treated with sodium ethylate and ethyl 
bromide it yields an oily liquid, which boils at a temperature above 250°, and prob- 
ably has the composition (C"H*)Nni(CSC"H*)-i:z:N(C-IP), but it has not been obtained 
in the pure state. 

By treating the product of the action of phosphorus pentacliloride on oxanilide 
with hydrogen sulphide, a compound is obtained which crystallises from ethereal solu- 
• tion in golden -yellow plates. 

TBXODXGXiYCOBXiXC ACXB, C^IPSO* {infra\ 

TBXOFOBMABXZiIBB, is produced: 1. By the 

action of phosphorus j«3ntasulphide on formunilide or aniline formate. 2. By 
the action of dry hydrogen sulphide on pht^nyl-carbimidc, C*Il\NC + ir‘S 
= C*H*.NIT.CS1I. 3. Together with largo quantities of^metlienyldiphenyl-diamine, 
1302), when a saturated alcoholic solution of potassium hydrosulphido is 
added to a well-cooled alcoholic solution of anjline (1 mol.), chloroform (1 mol.), and 
I>otassium hydroxide (3 mol.) The liquid, after standing for a few hours, is mixed 
with water, the golden-yellow Gil thereby sepirated (consisting of tliioformnnilide- 
mcthenyldipheiiykliamine, phenyl earbimide, aniline, and chloroform) is treated with 
Hydrochloric acid ; and after the chloroform has been evaporated by exposure to the 
air, the mas.s, W’lu’ch has now become cry.stalline, together with the crystals obtained 
from the mother-liquor of the oil after supersaturatiou with hydrochloric acid, is 
rccrystallised as quickly a.s possible from boiling M’ater. The filtered liquid on cool- 
ing deposits thioformanilido in thin laminm, while methyhliphenyldiamine hydrate 
remains in the mother-liquor. The thioformanilido is purified by dissolving it in 
boiling alcohol, and adding hot water to the solution till it begins to show turbidity. 
The liquid on cooling deposits the ihioformanilide in long white needles which melt 
at 137'5°, decomposing at the same time into phenylcarbimide and hydrogen sulphide. 
Its solutions taste intensely bitter. It dissolves without alteration in cold potash-ley, 
and is precipitated therefrom by acids ; but hot potash-ley decomposes it into formic 
acid, aniline, and hydrogen sulphide (A. W. Hofmann, /Icr. x. 1095^. 

TBXOGX.7COBX.XC ACXB, CH'-(SII).COOH. This acid, already 

described (p. 884), is one of the products of the action of phosphorus peiitachloride on 
sulphacetic acid (R. Siemens, Ber. vi. 659). 

TUodlslyooUlc Acid, [t. 776]. The calcium salt 

of this acid is produced by the action of recently prepared calcium sulphydrate on 
monochloracetic acid [perhaps thus : 

2(CH»Cl.COOH) + 2Ca{Sir)“ - S<cmCOO>®*‘ + 

, A.fter the two solutions have been lx>iled together in a reflux apparatus for eight 
hours, while a slow stream of hydrogen sulphide is passed through the liquid, the 
excess of calcium sulphydrate is decomposed by carbonic acid, the filtrat;p evaporated 
to the crystallising^ point, and tho separated crystitlline mass is freed from calcium 
chloride by means of hot strong alcohol, and recrystallised from water. The calcium<r 
salt thus obtained, C'-'H^SO^Ca, dissolves in 48 6 pts. water at 21°, somewhat more 
readily in boiling water. Its solution is not precipitated by barium chloride. With 
lead acetate it gives a white precipitate which dissolves on boiling, and is also soluble 
in nitric acid ; with silver nitrate a white precipitate, which is easily soluble in nitric 
acid and in ammonia, and does not turn perceptibly brown when boiled with water ; 
but on adding a little ammonia to the water, the odour of ammonium sulphide becomes 
perceptible and silver sulphide is separated. Mercuric chloride also gives with the 
solution of the calcium salt a white precipitate which does not dissolve on boiling. 
The mother-liquor obtained in the preparation of the calcium salt contains calcium 
thioglycollate.(G. Schreiber, c/'.jir. Chem, [2], xiii. 436). 
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According to Bottinger {fier, xi. 1899), theiiction of hydrogen sulphide on glyoxylic 
acid in presence of silver oxide, prodiicGS simultaneously thioglycollic and thiodigly- 
collic acids, which may bo separated by converting them into ethylic ethers, and 
fractionally distilling the product, whereupon one portion passes over at 160® and the 
other at 260®. 

Diethylic Thiodiglycollate, S(CH*.C02C‘“H®)?, is formed by the action'**of 
methyl sulphide on ethyl iodacetate, which appears to take place by two stages, thus: 

(1). (CH’)« + cm.co*c>n» = ch>i + 


(2). S<CH:-C0W* 


cnq.co*c=H» = ch*i 


a/CII».CO*C»H* 

^^01I*.C02C®H» 


(Letts a. Collie, Edinb. JRoy, Soc. Tram, xxriii. pt. 2, p. 583). 

Thiodiylycollamide, S[CHNIRCOOII]2, crystallises in acute square pyramids 
with very distinct basal cleavage (Arzruni; Z&Uschr. Kryst. i. 447). 

.NH-CH* 

TBXOBYBAWTOSir, C»H‘N20S r- CS< | (p. 1046). 

v:i£^co 

Nitrosothiohydantoin, C®IP(N0)N*0»‘5, may be prepared by treating thio- 
hydantoin with nitric acid of sp. gr. 1-2, or by oassing nitrous gas through a mixture 
of thiohydnnto'in and water. Jt separates onz as a crystalline powder, and may be 
obtained in microscopic pyramids by rcerystallisation from a large quantity of boiling 
wat er, It is soluble in aU-alis, but insoluble in alcohol, ether, carbon sulphide, and 
hydrocarbons. AVith 1 oquiv. of an alkali it yields a red solution, but if 2 cquiv. of 
alkali are used, a yellow solut ion is foriucd which turns red on addition of an acid. 

When barium chloridfi is addijd to a sojution of nitrosotliiohydantoin in ammonia, 
glistening yellow hexagonal and rhombic plates serpar ite.out, having the composition 
C“H"(N0)N'''0S,BaII/'0‘,II*0. This compound is but very slightly soluble in cold 
water, and is partly decomposed by recrystallisation from hot water. On thciaddition 
of an acid it yields a red harium-compound, which is soluble in w’uter, but has not 
boon obtained in the pure state. The red solution gives a yellowish-red precipitate 
with lead acetate, orange-coloured with zinc chloride and mercuric chloride, dark-rod 
with silver nitrate. On adding silver nitrate to an ammoniacal solution of nitroso- 
hydantom slightly acidulated with acetic acid, the compound C*ir-(N0)AgN’‘’0S,Ag’'0 
separates as a dark reddish-brown precipitate. A similar compound is formed with 
ferrous salts (R. Maly, Ikr. xii. 967). 

TBZOBYDROBEirZOXC ACXB. Syu. with Thiouenzoic acid, 
C«H^(Sll).C001I. See Benzoic Acids (p. 297). 

TBXOXiACTXC ACXB, OTr«S02.= C2HXSII).C00II (C. Bottinger, Eer. ix. 
404, 804, and lOQl ; xi. 1561). This acid is formed: 1. jly decomposing the silver 
salt of a-chloropropionic acid with hydrogen sulphide : 

CIP.CIIOl.COUg -1- IlSH - HCl + CIP.CH(SIT).CO=Ag. 

This react ion determines the constitution of the acid. 

2. By similar treatment of silver pyroraceniate. The pyroracemato suspended in 
water is decomposed by bydrrgeu sulphide, and the liquid, w’hcn saturated with the 
gas, is left to itself for a week, then filtered, and the filtrate is concentrated hy dis- 
tillation. Acetic acid then passes over, and the remaining liquid, freed from precipi- 
tated silver and silver sulphide, is repeatedly agitated with ether. The oily ether- 
residue spread out in a thin layer, changes in the course of a fortnight into a crystal- 
line crust of thiolactic acid, greasy to the touch, which may be purified by repeated 
crystallisation. 

Thiolactic acid crystallises from aqueous solution in groups of transparent rect- 
fingular plates. It dissolves with extraordinary facility in hot water, much less 
« easily in cold water, very sparingly in dilute . sulphuric aeid, and crystallises there- 
from in prismatic needles melting at 141°. These properties, however, are consider- 
ably modified by the smallest quantities of impurities, the melting point evon by the 
presence of moisture. The solution of the acid nearly neutralised with ammonia 
gives with lead acetate and mercuric chloride precipitates which are quite insoluble in 
water, but soluble in acids ; the dilute solution of the free acid gives a similar pre- 
cipitate with mercury nitrate ; with lead acetate and mercuric chloride it gives either 
no precipitate, or precipitates which aftor a while are redissolved. When the acid is 
oxidised by dilute chromic acid, a small quantity of sulphur is precipitated on gentle 
heating, and on boiling the liquid, sulphuric, acetic, and carbonic acids are formed. 

When hydrogen sulphide is passed into pure pyroracemic acid, a compound of 
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lactic and thiolactic acids is produced, and in such quantity that the Trhole solidides to 
a thick white pulp. This compound, when washed with ether and dried in the ex- 
siccator, has the composition C*H"SO* + C*H^SO". It begins to melt at 87®i 

decomposing at the same time, the portion which remains solid being somewhat 
sparingly soluble in cold water. The compound when kept in a tightly-closed bottle 
is converted within a week into an oil, with evolution of hydrogen sulphide. If the 
precipitate formed by hydrogen sulphide in pyroracemic acid bo left for some time in 
contact with the liquid, or if the passage of the gas be prolonged, tlie precipitate ro- 
dissolvcs, being probably converted into thiolactic acid, which how'evor is more 
readily product from the solid body by heating with hydriodic acid. 

TBZOITBSSAXi, (vi. 1087). This compound is formed, together with 

others, by the action of heat on benzyl sulphide, and is easily separated from the 
portion of the product which passes over between 360® and 460°, by fractional distil- 
lation, and crystallisation from absolute alcohol of the friiction which distils between 
440° and 460°. It forms closely felted groups of white brittle needles, melts at 184®, 
sublimes in needles without alteration, and boils at about 460®. It dissolves with 
moderate facility in other and carbon sulphide, less easily in ligroi’n, very sparingly 
in alcohol. Its ethereal solution is not precipitated by bromine, and on evaporating 
* the ether, needle-shaped crystals remain having the original melting point. When 
treated with chromic acid mixture, it blackens and yields carbonic and benzoic acids. 
It is not altered by boiling with ^coholic potash (C. Forst, Liebig's AnmUn, 
clxxviii. 370). i, 

TBZOltnrZi CHZiOUDZSt SOCl^. Syn. with Sulphurous Chlorhi^ (vii. 1131). 

TBZOPBBXrOXi, CH^SH. Phenyl Hydromlphide or Phenyl-mercaptan (p. 
1546). This compound, treated with mlphuric hydroxychloride^ is ‘converted into 
phenyl disulphide : 

2(C«Hs.SH) + SO^(OK)Cl =» (C«H*)*S2 + SO* + HCl + H*0 
(Beckurts a. Otto, Per. xi. 2065). 

Treated with ajceiyl chloride^ it yields phonyl thiacetate, C*H‘.S.C*IPO, a 
colourless liquid having an intensely mcrcaptan-like and at tlie same time ethereal 
odour, and boiling at 218®-220® (corr. 227®-229®). It sinks in water, and is at the 
same time slowly decomposed thereby, with formation of thiophenol. By boiling with 
strong potash-ley it is completely resolved into thiophenol and acetic acid. With 
benzoyl chloride, thiophenol forms a compound which crystiillises in fine white prisms 
(Michler, Ber. vii. 1312). 

TBZOPBTBA1.ZC ACZBS, C”]P(COSH)(COOn). See Fhtiialic Acids 
( p. 1617). 

TBZOPBVBBZAMZC ACZBB. This name is given by Claus a. Seippel {Bcr, 
vii. 233 ; Liebig's Annalcn, clxxix. 184) to certain sulphuretted compounds, which are 
formed by the action of heat on ammonium thiocyanate, and maj be regarded as 
products of decomposition intermediate between thiocarbamide and melam. The 
compounds which have been investigated are — a dithioprussiamic acid, 
(NH*)*Cy®.NH.Cy®(SH)*, a monothiodiprussiamic acid, and a dithiotriprussiamic acid, 
NH*Cy»NH*.Nn.NH'-'Cy*.NH.S}f CyXSNH^). The first of these acids gives no colora- 
tion with ferric chloride, the other two give the thiocyfinate reaction. The precipi- 
tates formed in their concentrated solutions by lead acetate are soluble in boiling 
water, a property by which these acids are especially distinguished from other 
thiocyanogen compounds. With dilute hydrochloric or nitric acid all the three acids 
are resolved, oven at ordinary temperatures, into melamine and a sulphuretted body 
^or several) not yet examined. 

TBZOQVZirOBy C*H^(SH)* [1 ; 4]. This compound is obtained by the action 
of tin and hydrochloric acid on bcnzcnoparadisulphonic acid (p. 251), in the form of a 
crystalline sublimatei consisting of shining hexagonal laminae ; it separates also in the 
same form from boiling alcohol, in which it is slightly soluble. It smells somewhat ' 
like tropseolum, and melts at 98®. When exposed to the air it gradually oxidises to 
a yellow*powder. Its load-compound is an orange-red precipitate (Komer a. Mon* 
selise, Gazz, chim ital, 1876, 133). 

TBZOBBBOBCXirox., C«Hi(8H)* [1 : 3], obtained in like manner from 
benzene-meta-disulphonic acid, exhibits the properties described by Patzschko (vii* 
1156). It smells like the leaves of some kinds of geranium, melts at 27^i and boils 
at 240® (Komer a. Monselise, loo. cit) 

TBZOBUrze ACZD, (Norton a. Opponheim, Ber. x. 685). An acid 

formed by the action of carbon bisulphide on- the mixture of sodium ethylate and 
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ethyl acetosodacetate obtained by treating ethyl acetate with sodiiun (p. 1 1). The 
product, after washing with water, is a light yellow acid substance, nearly insoluble in 
water, and crystallising in scales having a dark orange-red colour and nacreous lustre. 
On evaporating its solution in alcohol or acetic ether, it is decomposed. Its calcium 
salt, (C*®H*’'S*0^)'‘'Ca, crystallises in cherry-red needles. The 7nercury, lead, and sine 
salts are orange-coloured ; the iron salt brewn, the silver salt red, the copper salt blax# 
The formation of the acid may be explained by supposing that the acetylated 
thiomalonic acid and sodium hydrosulphide, which might be expected to form in the 
first instance, separate out, and that ilio residues unite, thus : 


CH» 

io 


BLosm, * ■ »•»« * 


CH« 

L 


COOC^H® 




OOC^H* 


THlOSUXiPHURlC ACXD. See Sulphur, Acids of (p. 1879). 

THXO-a-TOXiYXiAMZDE, C«n®NS == C«II». See Thiamidbs ' 

(p. 1954). 

TBOMSONXTE. Tliis mineral, from thd Pallo Rabbi^so, Monte Monzoni, has 
been analysed by Docker a. John (FcrA. geoL Beichsanst. 1876, 295, 304). The 
needle-.shaped crystals analysed were intimately mixed with calcito, to the amount of 
19 per cent., after deduction of which their analysis gave: 

SiO» A1*0» CaO MgO NaO K“0 II»0 

39‘24 27*90 12*45 trace 7*95 0*60 11*86 100 

TBOllXVM. This metal is not isomorphous with any other known (dement. A 
number of its compounds have lately been examined by P. T. Clove {BnU. Soc. Ckim. 
1874, xxi. 1 16). The? atomic weight was found, from tho mean of six analyses of the 
anhydrous sulphate, to bo 233*8 ; from the analyses of the oxalate, 233*07. 

Thorium Oxide^ or Thorin, obtained by ignition of the hydroxide, is insoluble 
in dilute acids, soluldo in warm strong sulphuric sicid. When the oxide obtained by 
ignition of tho oxalates is heated with excess of nitric or hydrochloric acid, and tho 
excess of tho acid — which does not appear to dissolve or act in any way on tho oxide 
— is expelled by heating on tho wator-bath, a residue is obtained which dis.solves 
completely in water, the solution appearing white in reflected light, like milk and 
water or a solution of glycogen, and yielding, on addition of a little acid or salt 
mlution, a curdy prccipiUito which redissolves in pure water. With ammonia the 
3olul ion gives a bulky precipitate, which resembles thorium hydroxide, but is insoluble 
in acids even at thu boiling heat. When hydrochloric acid is used for the preparation 
of the soluble body (in Avhich case a certain quantity of the normal chloride is also 
produced), tho precipitate formed by ammonia has the composition Th*0^(OH)*. 
The normal hydroxide dried at 100® contains Th(OH)^ 

Thorium Chloride, TIiCDjSH^O, obtained by decomposing the sulphate with 
barium chloride, forms white very deliquescent needles. Thorium-potassium chloride, 
2ThCD,KCl,18IPO, forms colourless crystals easily soluble in water. The platino~ 
chloride has tho composition ThCP,PtCP,12H'-K). 

Thorium Silicoftuoride, obtained by treating tho hydroxide with silicofluoric 
acid, is a crystalline semi-translucent mass, insoluble in excess of silicofluoric acid ; 
when left over sulphuric acid, it gives off hydrogen fluoride and silicon fluoride. 

Thorium Platinocyanide, ThPt‘“Cy®,16H®0, crystallises in yellowish-green 
well-defined orthorhombic prisms, very soluble in hot, sparingly in cold water ; gives 
ofl' 14H*‘'0 at 100® or over sulphuric acid. Tho fcrrocyanide, ThFeCy®,4H-0, is a 
* white powder. Tho thiocyanate is obtained as a viscid mass by evaporating a solution 
of thorium hydroxide in tliiocyanic acid. Its solution gives with mercuric cyanide an 
amorphous precipitate consisting of Th(OH)*SCy,HgCy‘-,H‘‘'0, and the filtrate on cool- 
ing deposits nacreous scales of the salt Th(0H)(SCy)®,3HgCy*,12H*0. 

Thorium Nitrate, Th(N0*)*,12H2O, forms large, transparent, very hygroscopic 
tablets, which give oif 8H”(.) over sulphuric acid. The chlorate and perchlorate are 
hygroscopic soapy masses.’ The solution of the hromitc decomposes when evaporated 
in a vacuum. The Mate, Th(IO*)*, is a white amorphous precipitate. 

Thorium -sodium Carbonate, Th(C0*)®,3Na*C0*,12H*0, is a white amorphous 
precipitate. 
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Thorium 5^M/jpAa^f, Th(S0^)*,9H*0, forms monoclinic crystals veiy slightly 
soluble in irater, insoluble in alcohol ; gives off 711^0 over sulphuric acid. Sulphates 
have also been obtained containing 8 and 3 mol. H’^O. Thorium-sodium mlphate^ 
Th(S0*)*,Na*S0*,6H*0, forms thin needles. Thorium-ammonium sulphate. 
Th(SO<)*,(NH^)*SO^, prisms soluble in water and in ammonium sulphate. Thorium 
sulphite has the composition Th(S0*)^H*0. 

Thorium Selenate, Th(SoO*)^9H*0, forms bulky crystals permanent in the air, 
giving off 8H®d at 120®. The seknitCt Th(Se0*)*,H‘^0, is a white amorphous precipi- 
tate insoluble in water. 

Phosphates . — The orthophosphates, ThTP(PO ')®,H20 and Thn*(P0*)*, 411*0, are 
bulky precipitates. pyrophosphate has the composition ThF*0’, 211*0. TJiorium- 
sodium pyrophosphate, ThNa*(P*Od* crystallises with 2 mol. H*0. 

Thorium Formate, Th(CH0*)^3H*0, forms flat well-defined prisms which 
give off 2H*0 over sulphuric acid, and 3 IPO at 100°. The acetate forms micro- 
scopic needles. The oxalate, Th(C‘-()^)* 2H*0. is insoluble in water. Thorium-sodium 
oxalate, Th(C-0^)*,2K‘"C*0',4II*0, is decomposed by water. Thorium tartrate, 
(C^U^0d*Th*(0H)^0“,6H'-0, is a white pow<lcr which gives off all its water at 100®. 
Thorium-potassium tartrate has the composition ThK*(C'II®0®)*. 

TBTMOBTBROXTCVMXC ACZB, C>“n‘20’ (L. Barth, Ber. xi. 667, 1671). 
This acid is formed, together with otljers, by fusing thymol with potassium hydroxide. 
On dissolving the mel^ in water, acidulating with sulphuric acid, extracting with 
ether, and distilling the residue with water, acetic acid passes over with the steam, 
and the residue of the distillation deposits on cooling cry9.,:ils (mixed with a little tar) 
which, by repeated crystallisation from water, may be resolved, though not completely, 
into: (1) hydroxytereplithalic acid, very slightly soluble even in hot water; 
(2) tliymohydroxycumic acid, moderately soliil)le in hot, very sparingly in cold 
water; and (3), an easily soluble portion, consisting of substances precipitable by 
lead acetate, together with a small quantity of hydroxybenzoic acid. 

Thymohydroxycumic acid, after repeated crystallisation with animal charcoal, 
forms long, tliin, colourless, somewhat fragile needles melting at 143®, or sometimes 
at 141®; very soluble in ether, alcohol, chloroform, and benzene; dissolving also in 
water as above stated. The aqueous solution is not porccjptibly coloured by ferric 
chloride, and gives no precipitate with lead acetate. The normal salts have a slight 
acid reaction. The normal sodium salt, C*®H'*()*Na, 2-2^11*0, crystallises in broadly 
laminar masses, sometimes also in well-formed plates. It is very efflorescent and 
very soluble in water. The hasio sodium salt, is a very deliquescent 

crystalline mass composed of microscopic neefllcs. After drying in a vacuum over 
sulphuric acid, it still retains l ^IPO. The barium (C’®H'*0*)*Ba (at 130®), is 
easily soluble in water and separates from its solution, when concentrated’, in graniilo- 
crystalline masses, seldom in smjdl prisms. The cadmium salt, (C'®Il''0*)*Cd, forms 
microscopic plates, rarely prisms, and. generally contains 1 mol., feometimes 3 mol., 
water; it is moderately soluble in alcohol and in other. The ethylie ether, 
C'®H"0*.C*H*, prepared with alcohol and giwoous hydrogen chloride, is at first liquid, 
but subsequently solidifies and then melts at 73°-76®. From dilute alcohol it sepa- 
rates first in oily drops, afterwards in long prisms. 

Thymohydroxycumic acid is not at all or but sligl^tly attacked by strong hydro- 
chloric acid at 200®-250®, but at 260® further action takes place. The acid heated 
by itself above 300® partly volatilises undecomposed, and is partly resolved into water 
and the anhydride C*®H**Os, which remains as a mass resembling colophony, and 
likewise separates in the amorphous state from solution in alcohol. The acid heated 
with quick lime yields phenolic and anisoilic products, but neither propyl-phenol not 
•inethyl-ethyl-phenol. By the further action of melting potash it is converted into 
hydroxyterephthalic acid, together with an easily soluble acid which gives a red 
coloration with ferric chloride, and is precipitated by acetate of lead. * 

The constitution of thymohydroxycumic acid has not been definitely established, . 

1 8 4 

but it may be represented either by the formula C®H*(CO*H)(OH)(C*H*), or by 
0«H*(CH*)(0H)(C*H»0*). 

Bihromthymohydroxyeumic acid, C*®H'®Br*0», the chief product of the 
action of bromine on thymohydroxycumic acid, melts under water, dissolves but 
sparingly therein ; is very soluble in alcohol, even when dilute, and separates there- 
from as an oil which solidifies in the crystalline form only after the solvent has been 
completely expelled by evaporation. The further action of bromine gives rise to 
bromophenol. 
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TBTMO&, C'^U'^O =. C“I1*(OH)(C*HO(CH*). See Phenols (p. 1644). 

On the Violet Dye produced by the action of Nitrous Acid on Thymol, see Dye- 
stuffs (p. 698). 

TBYlBOQUXBOnrii, C“'H'202 (vii. 1 166). This compound is formed by oxidw 
ing methyl-thymol dissolveil in acetic acid with chromic acid mixture : 

C'«H'“(C1I“)() + (>'• « C»®H'202 + CO- + 2H='0 

(Pateruo, Ber, viii. 140). It may be advantageously prepared by distilling amido- 
thymol (from nitrosothymol) with ferric chloride, tlie yield exceeding 50 per cent. 
(Armstrong, Ber. x. 297). 

Thymoquinone is acted upon by normal potassium sulphite at 60°, the liquid on 
cooling solidifying to a mass of splendid crystals, which must be separated from the 
now strongly alkaline liquid, washed with a small quantity of ice-cold water, and 
quickly dried by pressure. 'I'lie air-dried salt has the composition C‘'’H.**O^K, and is 
formed according to the equation : 

Gionr-’O- + SO»K‘ + IPO = + KOIf. 

Its ratiomil formula is either 

C«JI-^.CH=*.C=»HXOII)(OSO*K) or C«H.CH».C“H^SO»K(OH)- 

(potassium hydrothymoquinonesulphonate), the*‘latter being the more probable of 
th(i two. Ferric chloride colours tin* atjacous solution emerald-grcjen, then 

golden-yellow. Lead acelntt. forms Avith it a wliite llocculent precipitate insoluble in 
ucflic acid, soluble in nitric aciil; silver nitrate^ a white precipitate, which soon turns 
black, and forms a silver speculum wlion heated. Tlic salt boiled with h^’drochloric 
acid yields sulphuric acid and thyinoQ'iiiiol : 

(jioiiias^QiX + H-O + HCl - KCl -t- H:y'm + 

Caustic alkalis induco the absorption of oxygen fromtheair,wlRTobyhydroxy- 
thymoquinone is prod need : 

Ci®H‘»SO'K + KOH + 0 - C'®I{'=Oa + + H-’O. 

Polyttaymoqulnone. Thymoquinone, when exposed to light, especially in thin 
layers, is converted into a polymeric modification, which dissolves but sparingly in all 
solvents, especially in elln*r. From alcohol it crystallises in long light yellow in- 
odorous silky needles, which greatly resemble anthraquinoue, and melt at 200°-2()l‘^. 
Strong sulphuric acid dissolves it without alteration at ordinary tempertatures, but 
acts upon it at high(!r temperatures in the same manner as on thymoquinone. 
Jlromine dissolved in water or in acetic acid attacks it but slightly oven when heated ; 
water, aqueous sulphurous acid, and acetic anhydride do not act upon it oven at 180°. 
Fuming nitric acid dissolves it, but does not decompose it even at the boiling heat. 
Hy boiling it with hyilriodic acid (sp. gr. 1*7) und red phosplioriis, it, is converted into 
lliymoqniiioiie ; also by addition of hydrochloric acid and zinc-dust to its boiling 
alcoholic solution (Armstrong, Ber. x. 297). 

Hydroxy thymoqulnonef C'”H"(0II)0“, is formed, as above mentioned, by the 
action of atmospheric oxygen on an alkaline solution of thymoquinone ; also, together 
Avitli dihydroxythymoquiiioiie, bj reduction of ethyl-dinitroLhymol with tin and hydro- 
chloric acid. To separate it, the tin is procipifcitcd by hydrogen sulphide, the filtrate 
evaporatetl, and the residue crysLalliseil from strong hydrochloric acid. The crystals, 
froeil as far as possible from hydrochloric acid, yield by distillation with a dilute 
a(]ueous solution of ferric chloride iu a current of steam, a product of oxidation which 
collects in the receiver, and is found to co’ sist of hydroxythynioquiuone, molting at ' 
169°~172° (Ladonbiirg a. Fngolbrocht, Ber. x. 1218), 

Carstanjen, who first obtained hydroxythymoquinono by the process above men- 
tioned, and found its melting point to be 187"f is of opinion that the differences of 
nxjlting point observed by himself and by Ijiidenburg may bo duo to the formation of 
two isomeric compounds in the above reaction. These compounds may indeed be 
separated to a certain extent by sublimation, the product thereby obtained consisting 
partly of light orange-coloured needles melting at 169^-176° (or even at 166° -166°), 
partly of red needles which do not melt below 183° or even 221° (J.pr. Ckem. [2], 
XV. 398). Ladenburg, on the other hand {Ber. x. 49), ascribes the observed differ- 
ences of melting point to cohtamination of the monoliydroxythymoquinone with the 
dihydroxy-compound, or perhaps to the existence of a polymeric modification analo- 
gous to that of thymoquinone itself (supra). 

Chlorohydroxythymoquinonet C'®H**(0l!)C10^, is prepareil by acting on 

VoL. VIII, 6 L 
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dinitrothymol with phosphorus pentachlorido, reducing the product with tin and 
hydrochloric acid, and oxidising the resulting amido-compound with chromic acid. 
20 to 25 g. dinitrothymol are mixed in a beaker with twice the quantity of phosphorus 
pentachlorido, and the mixture is gradually heated to 115*^-120® till the reaction 
begins ; the heating is then discontinued as long as the reaction goes on briskly with- 
out it ; and the process is terminated by renewed heating, finally to the boiling point. 
The phosphorus oxychloride thereby produced is distilled off in an oil-bath; the 
residue is poured into water ; and the precipitated viscid mass, after being washed 
with sodium carbonate and with water, is several times crystallised from alcohol with 
addition of animal charcoal. The dinitrochlorocymene, C‘'’H"(NO‘'*)'‘Cl, tlius obtained 
(light yellow prisms melting at 100°-101®), is reduced by tin and hydrochloric acid, 
in small quantities at a time, and at the lowest possible temperature ; and the result- 
ing hydrochloride of diamidochlorocymene, after being freed from tin, and evaporated 
to dryness, is oxidised with a mixture of 2 pts. potassium dichromate and S pts, strong 
sulphuric acid, — al)Out 3 g. of the amido-compouiid dissolved in a large quantity of 
water being distilled with the oxidising mixture, likewise diluted with a large quantity 
of water. The substance which then separates from the water in the receiver may be 
separated by fractional crystallisation into hydroxythymoquinono and an easily soluble 
chlorinated body, which latter may be purified by long-contiuuod sublimation on the 
water-bath in watch-glasses covered with inverted beakers. The first sublimates 
thus obtained are nearly free from chlorine; and on continuing the sublimation till the 
sublimate and residue are found to melt at the same temperature (120°-1 22^'), and 
crystallising the rosiduC from alcohol, chlorohydroxythymoquinone is obtained, nearly 
pure, in lemon-yellow prisms, easily soluble in alcohol and ether, melting at 122 ', 
and easily sublimable. (Ladenburg a. Engclbrecht, Bef, x. 1218). 

Dihydroxy thymoquinonCt C‘®H*®(0II)'0®, is produced by boiling a solution of 
chlorhydroxythymoquinone in potash, and iff obtained by treat.ing the solution wdtli 
excess of hydrochloric acid, and repeatedly crystallising tho resulting precipit;iro from 
alcohol, in cherry-red prisms. It melts at, 220’, sublimes undecom posed, is sparingly 
soluble in alcohol, very sparingly in water. Ammonia and potash dissolve it with 
violet colour. The dilute ammoniacal solution is not precipitated by barium chloride, 
nor tlie potish-solution by alum (Ladenburg n. Engclbrecht, loc, cU.) 

The same ilihydroxythymoquinonc is formed as a bye-product in the preparation 
of monoliydroxythymoquinono {mpra)^ and is also formed by treating tho mono- 
derivative successively with ethyl iodide and potash; or better l)y boiling a concentrated 
solution of the mono-derivative W'ith potash till the original violet colour of tho solu- 
tion is completely changed to brown-rc«l, then precipitating with hyilrochloric acid, 
and crystallising the precipitito from alcohol (Ljulonburg a. Engclbrecht), 

TZGZiXC iLCZO, Thu supposition of Oemther a Frdhlich (vii. 3115) 

that this acid— one of tho products of the saponification of croton oil — is identical 
with methyl-crotonic acid, Cn’.UITi:::;C(CIP).OOOII, has been confirmed by tho ex- 
periments of E. Schmidt (/Ar, x. 83;>). The two aci<ls agree in crystallino form and 
optical properties, melt at (H^, and boil hetwoon and 197"; their Liriiim aiul 

calcium salts also agree in character. Eoth acids fused with potassium hydroxi<le 
yield propionic and acetic acids, llromino converts them both into dibromovalcric 
acid; with hydriodic acid they yield iodovaleric acid. According to Schmidt a. 
Berendes (Lichig's Annalen^ exei, 91), hariuin tiglaU forms nodular groups of suiall 
laminar crystals, but .sometimes crystallises in more compact form ; it has tlio com- 
position (C®IE0‘-)'-*Ba,4H”0, and effloresces easily. Tho calcium salt, (C^ir()“)-Ca,3ll-’f), 
forms laminae or stellate groups of small white opaque noodles, ami is less soluble in 
water than the barium salt. 

In the portions of croton-oil boiling at higher temperatures than tiglic acid, 
Schmidt found a liquid having tho composition Tho portion of the oil boil- 

ing between 174°-175'’ gave with lime a crystallised salt, consisting of a compound 
of valerate and tiglate ot calcium. * 

Tiglic aedd is also produced, together with angelic acid, by saponification of Kornan 
chamomile oil, and, as observed by I>oraar<;ay (p. 86), by tho action of heat or ()f 
strong sulphuric acid on angelic acid. Tho acid obtained from Roman chamomile oil 
melts at 64*6®, and boils at 1 98'5®. Its calcium salt, (C®II’0’*)‘‘*Ca,3f l“0, crystallises in 
white laminas which dissolve sparingly in cold and freely in boiling water. The 
barium salt, (C'II^0®)*Ba,4H®0, is more soluble than tho calcium salt, but much less 
soluble than the corresponding salt of angelic acid. It*. forms small hard prismatic 
crystals. The silver salt is less soluble than that of angelic acid, but may be crystal- 
lised from boiling water in small white feathtjry groups. The potassium salt crystal- 
lises roadily in tufts of small needles which are not deliquescent (ll. Kopp, Liebig's 
Annalen, cxcv. 81). , 
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TXMBO. The root! bark of the Timbo tree {PauUinia pennata^ Linn.) contains 
starch, a resin, a volatile oil, tannin, an organic acid, traces of grape-sugar, and an 
alkaloid called tvnbonine, the sulphate of which crystallises in white needles (Martin, 
Pharm. J. Trans. [3], vii, 1020). 

TXXr. Occurre^e . — Lockyer has observed in the solar spectrum a line indicating 
the presence of tin in the sun (Proc. liny. Soc, xxvii. 279). Metallic tin in small 
laminae has been found by Frenzel {Jahrb, /. Min. 1873, 802) in bismuth-spar from 
Mexico. 

In the form of stannic oxide, .SnO^ tin occurs in various lithia-micas, as in the 
Icpidolite of Paris in the State of Maine, and of llozena in Moravia, the silica of 
these minerals being partly replaced by the stannic oxide (Sandberger, Jahrb. f. Min. 
1878, 291, 657). 

Stannic oxide (tinstone) occurs in the kaolins of the Department Allier in France. 
The levigated sand contains 18*3 per cent. SnO-, together with a small quantity of 
tifcinic iron ; the unlevigated sand 0*05 per cent. Moreover, the rocks from which 
the kaolin has been formed contain tin; thus a quartz-like rock occurring in veins 
was found to contain 0'02 per cent., and a hornblende rock 0*04 per cent, tin (De 
Gouvenain, Compt.nnd.lxxviu. 1032). 

Two samples of tinstone from the mines of Lampiglia in Tuscany, which wore 
’Worked by the ancient Etruscans, and have lately been reopened, have boon analysed 
by C. Blanchard {Dingl. pol. J. ccxxiv. 653) with the following results : 

SnO“ Fe*0* CaCO“ * 

92-40 3-49 3*34 = 99*23 

75-18 4-00 19-64 = 98*82 

A rich deposit of tin-ore occurs at Mount Bischoff in Tasmania (Ulrich, Jahrb. f. 
Min. 1877» 494). The occurrence of tin-ore in Australia is described by Gregory a. 
Ulrich (Geol. Soc. Qu. J. xxix. 1,5; Sill. Am. J. [3], v. 137). 

E,v traction . — A report by Th. Goldschmidt, on the extraction of tin from its 
ores, is given in Hofmann’s Entwickehmg dcr Ckemischen Jndttsinc, p. 986. 

Methods of obtaining tin in the pure state appear to have been known to the 
ancient Egyptians, as a white metal found in the wrappings of an Egyptian mummy 
of the iige of at least 600 or 700 years b.c. was found to consist of pure tin (Church, 
Chem. N^s, xxxvi. 1(58). 

Banca tin contains only very small quantities of foreign sulmtances. Vlandoeren 
{Dingl, pol. J. ccxix. *276) found in samples obtained from various districts, at most 
0175 per cent^ iron, and 0 0099 sulphur, no Jirsenic, and mere traces of carbon; 
tnices of lead were found only in the tin from the district of Djebocs. 

Recovery of Tin from Tm- 2 )late cuttings . — Moulin a. Dole (Z?cr. vi. 1138) extract 
the t in from tliesc cuttings by passing gaseous hydrogen chloride into chambers loosely 
filled with tlicin. As soon as the iron begins to be attacked, the stream of g;is is 
interrupted, the tin chloride produced is dissolved out by water, and the tin is pre- 
cipitated from the solution by zinc or iron. The precipitated powder, after being 
washed with dilute sulphuric acid and water, is dried and melted. 

Two other methods of effecting the extrjict ion are described by E. Koipp (Amcr. 
Chemht^ V. 292). (1). The cuttings are boiled in soifa-ley, and litharge is added by 

successive portions, whereby the tin is dissolved, and lead is precipitated, according to 
the equation : 

Sn + 2NaOH + 2PbO = Na^SnO* + 2Pb + H*0. 

If care be taken that the solution finally retains a small quantity of lead oxide, the 
whole of the tin may be separated from th' iron. Tht; residual mixture of iron and 
spongy leatl is levigated, and the lead thereby separated is re-oxidised in iron pans. 
The plnmbiferous solution of sodium stannate is finally made to act on a fresh portion 
of tiii-plato cuttings, whereby it is completely freed from load. It is then evaporated 
down, and the sodium stannate thus obtained is sold for use in dye-works. (2). The 
tin is subjected to the action of chlorine gas, w-horeby it is volatilised as stannic 
chloride even at ordinary temperatures, while the iron remains unaltered. 

S. Keith effects the separation of the tin by immersing the cuttings in an alkaline 
liquid, and making them servo as the positive electrode of a dynamo-electric circuit 
{Deut^he Industrir-Zeitzmg, 1877, 455). 

On the Purification of melted Tin by Filtration, see Carter (J)ingl.pol. J. eexv. 
469 ; Jakresb.f. Chem. 1875, 1016). 

A method of obtaining Crystals of Tin by Electrolytic action is described by 
F. Stolba (2/cr. d. Kvnigl.-hbhm. Gesellsch, d. Wissensch. 7 ^ov. 1873 ; Jahresh. f 
Chem. 1873, 282). 
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TIN. 


Grey and Brittle Modification of Tin, — The conversion of ordinary tin into this 
modification, noticed by Fritzsche and Oudemanns (vii. Ild7)f has also been observed 
in the pyrotechnic laboratory at Spandau, where considerable quantities of tin in 
sheet and blocks became brittle and more easy to pulverise and more soluble in hydro- 
chloric acid than ordinary tin. This tin contained only traces cff foreign metals, and 
was quite free from stannic oxide, and from sulphur and phosphorus (Ann. Phys. Cke7n. 
[2], ii. 304 ; Phil. Mag. [5], iv. 158). The same alteration has been observed by 
A. ychertel (J. pr. Chem. xix. 322) in a tin modal and some rings, wliich had been 
kept for some centuries in a wooden box in tVo cathedral of Freiberg. The altered 
metal, which consists of nearly pure tin free from lead and containing only traces of 
iron and sulphur, has a reddish-grey colour, and is so brittle that it may bo crushed 
between the finger-nails ; but on drenching the pieces with hot water, they immediately 
acquire a lighter colour and much stronger cohesion ; strong pressure or a heavy blow 
likewise brings out immediately a whiter colour. The specific gravity of the altered 
metal was only 5*8, but increased to 7‘3 when the lumps were immersed in hot w'ater. A 
specimen of disint< ‘grated Haiica tin, received from Fritzsche, exhibited nearly the same 
behaviour; its sp. gr. was 60, and increased on immersion in boiling water to 7’25. A 
further peculiarity in this latter specimen was the greater facility with which it passed 
from the grey into the white modiiication, heating for an hour and a half in ether- vapour, 
being sufficient to etfect the conversion, whereas the Freiberg tin uniler these circum- 
stances remained unaltered even after three hours, and did not acquire Uio density of 
7'3 till it ha<l been heated to od)"' (m vapour of acetone). The grey modification is 
electro-negative to the tvhite in dilute potash-solution, positive in dilute nitric acid. 

Estimation and Separation. — Pellet a. Allart <(/?«//. Soc. Chim. xxvii. 438) 
estimate tin volumetrically by means of standard solutions of ferric or cupric chloride. 

For the assay of tin ores, .A. E. Arnold (Chem, Acmw, xxxvi. 238) reduces the 
stannic oxide with hydrogen at a moderate rdU heat, and (h'termines the loss of weight. 
The metallic tin is dissolved ift ferric chloride, and the amount of ferrous oxide thereby 
formed is determined by titration. 

Separation front Arsenic and Antimony. — Tin is completely precipitated from 
solution in aqua regia by sulphuric acid, phosphoric acid, ammonia, alkaline carbonates, 
and pt^tassiuin cyanide, whereas solutions of antimonic acid, if prepared witli tartaric 
acid, give no precipitate with either of these reagents. F'or quantitative separation, 
how’ever, the only suitable reagent is potassium cyanide, as it is the only one wbieh 
precipitates the tin completely as stannic oxide without at tlio same lime throwing 
down part of the antimony. The precipitated .stannic oxiilc is difficult to filter, hut. 
the filtration may bo facilitated by addition of calcium cblorid(‘, in such quantity that 
the calcium carbonate subsequently precipitated by potassium carbonate may amount 
to about fifteen times the quantity of the stannic ox hie. Tlio following nuxle of con- 
ducting the process is given by Cl. Winckler (Zeitsekr. anal. Chem. 1875, 156) : Tlio 
compound to bo analysed, if an alloy, is dissolved in aqua regia, with addition of 
tartaric acid, or if it contains the metals in the form of sulplrtdo, it is dissolved in 
ililuto potash-ley; bromine is added in slight excess; tlie solution is neutralised with 
hydrochloric acid, and diluted to 300-400 c.c. ; the necessary quantity of calcium car- 
bonate is then added ; and the solution is neutralised wuth potassium carbonate, mixed 
with potassium cyanide, and finally with a slight excess of pota.ssium carbonate in 
order to complete the precipitation of calcium, af^er wliich the liquid is heated to 
boiling, and passed through a filter without previous stirring up of the precipitate. 
This last operation is once repeated with fresh water, and the precipitate whicli 
remains in the beaker is dissolved in a small quantity of strong hydrochloric nciil, 
and again precipitated with cyanide and carbonate of potassium. Jly this treatment, 
the whole of the antimony and arsenic are olAained in the filtrate, while the precipi- 
tate-after being well washed and driell (the filter being burnt), and very strongly 
ignited in a porcelain crucible — contains the stannic oxide in the insoluble form, 
together with calcium carbonate, which may be easily separated from the stannic oxulo 
by treatment with dilute nitric acid. 

From arsenic alone tin may bo separated by precipitating tlie two metals with 
hydrogen sulphide, and boiling the precipitate with water, whereby the sulphides are 
converted into oxides, of which that of arsenic is soluble, while the tin oxide is in- 
soluble. Care must bo taken that tlio mixed sulphides, iinmediatoly after precipita- 
tion, are completely freed from adhering acid by washing with water. They ave then 
to be boiled in a flask with a large quantity of water av long as hydrogen sulphide 
continues to escape ; or the operation may be accelerated by using a retort, through 
which a stream of air is passed. The same methixl maybe applied to the quantitative 
separation of arsenic from all the other metals wliich are precipitated by hydrogen 
sulphide (De Clermont a. Frommol, Compt. rend. Ixxxvi. 828). 



Alloya. The arsenide of tin, Sn^S**, formed by fusing the two metals together 
under boric oxide, is brittle, crysfalline, and has a density of 6*66 (Deseanips, Compt, 
rend. Ixxxvi. 1066). 

On the physical properties and composition of alloys of Tin and Copper, see 
pp. 663—566. 

Tin and Jjead . — Tlie action of distilled water, vinegar, and solution of comralfti 
salt on these alloys has been examined by F. Knapp {Dingl. pol. J. ecxx. 446), wlio 
finds, in accordance with foriuer investigators, that the alloy composed of 4 pts. tin 
and 9 lead withstends the action of those liquids bettor than alloys containing larger 
pr()portions of tin. In g(*neral, the quantities of metal dissolved out from these 
alloys, even under unfavourable conditions of experiment, were quite insignificant, so 
that there is really nothing to fear from tlie use of culinary vessels made of them. 
On the action of AV.itcr and Saline Solutions on these Alloys, see also Uessnou 
(p. 1167). R. AVeber {Dinrjl. pol. J. ccxxii. 163, 264; (Jhem. Soc\ J. 36, 390) 
finds that when alloys of lead and tin, or of lead, tin, and antimony, are treated with 
vinegar, the quantities of metal dissolvtxl decrease rapidly as the proportion of tin in 
the alloy increases. In treating the alloys with vinegar a second time, the total 
quantity of metal dissolved is less, but it contains a larger proportion of tin, because 
a portion of the lead dissolved in the first instance is precipitated by the action of tlio^ 
alloy on the metalliferous virn.’gar. 

Stannic BromldCi 8nBr‘ (v. 806). Carnollcy a. O’Shea (Chem. News, xxxvi. 264) 
propirc this compound by acting on tin in a Vy-«hapod ti^e with bromine. When 
purified by distillation, it forms a colourless liquid whicli solidifies to a mass of 
colourless crystals. It melts at 30®, boils without decomposition at 201®, does not 
fume, but .<<lowly dccomptjs* s in contact with the air; dissolves in water without 
immediate decomposition. Its va)X)ur-density, determined by Dumas’ method, agrees 
witli the molecular formula iSnJlr* Soc. J. xxxiii. 66). 

The doubh; salt, SuBr',2NII‘Ilr, crystalli.ses in con.' bi nations of the cube and octo- 
hedron. Sp. gr. = 3-506 (’I’opsoe, JVicn. Akad. Her. [2 Abth.J, Ixix. 261). 

Cblorides. The vapour-dciisify of stannous chloride was found by Rieth 
(Bar. iii. 668) in two determinations to be 7’47 ami 6 88 [B ^ 1), agreeing nearly 
with the molecular formula 811 (...r^ which requires ()'63. V. and C. Meyer, 011 the 
other hand (Bcr. xii. 1195), find it to Ixj 12*85 at 619" C. and 13*08 at 097®, leading 
to tin* form Ilia 8n'*Cl ', which requires 13-06. They are of opinion that the Iqwer 
iiumljers obtained by Ilietli were duo to the circumstance that he employed too l)igh 
a temperature, at whicli the stannous chloride underwent dissociation; they find, 
indeed, that it gives off chlorine at a bright red heat. Carnidley, on the other hand 
(CJitm. tSrw. J. xxxvi. 1014), considers that tlic results obtained by V. and C. Meyer 
are not quite •conirlu.sive as to the vapour-density of the compound, inasmuch as they 
were made at temperatures too near its boiling point, 617 -628®. 

Double Salts of Siannio ClilorMr. — 2NaCI,SiiCl',Gir*0 is obtained by adding the 
calculated quaiititj* of sodium chloride to an aqueous solution of stnnnie chloride, and 
separates In ill-defined crystals with dull .striated faces, A salt, represented by the 
formula 2[Na‘*'>'’(NH‘)‘’'®^Crj,.SnClB, w-as obtained by adding sodium chloride to a 
solution of till ill aqua regia, the ammonia being formed by the action of the nitric 
acid on the tin. CaCr-,iSnCl4,8H*() forms large, transparent, extremely deliquescent 
rlioinbohedroHs. »SCr“,»SiiCl ‘,8H‘(), striated iiceiJles or channelled prisms witliout 
definitely bounded faces (Topsoc, JVieu. Akad. Bcr. [2 Abth.], Ixix. 261). 

Tlio following .salts, pre})ai*e<l by Cleye (Bnll. Soc. Chim. [2], xxxi. 197), are 
exactly analogous in constitution to the corresponding platinochlorides. The lanthanum 
salt Ims the composition 2La*Cl“,68nCB,45ir*(); the ccriumsalt is Ce'-'Cl®,2SnCB, 1811-0. 
The didyminm salt, Di*’-Cl'*,2SnCB,2lH-0, forms large red crystals ; the yttrium salt 
contains Y’^0l« 2SnCB, 1 6IDO. 

Oxides. Stannous oxide, SnO, is obtained in the form of a violet-black cry.s- 
talline powder, when the precipitate formed by adding potassium cyanide to a solution 
rof a stinuous salt is boiled for several days with solution of potassium cyanide 
(L. Varonne, Compt. rend. Ixxxix. 360). 

Stannic Oxide, ,SnO'-. — The crystaBino form of native stannic oxide (tin stone) 
has been examined by F. Becke (Jahrb.f. Min. 1878, 76), who finds that the ratio of 
the principal to the secondary axes is .1 : 0*67232. Microscopic examination of a 
specimen of wood-tin enclosed in quartz showed that the needle-shaped crystals, which 
w-ere arranged in gitnips, agrees in form with needle-tin ore. A tin-stone from 
8clilackonwald gave by analysis 98*74 |)or cent. SnO'-', 0*19 SiO'-', 0*12 FeO, and 0*41 
CaO(« 99*46). According to A. E. Arnold (CV/m. Acuvs, xl. 25), both the native 
oxide and the strongly ignited artificial oxide ai-e soluble in strong hydrochloric acid. 
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Chlorostanuic Acid. — J. W. Mallet (Chcni, Soc. J, xxxy. 524) observed in a 
moderately concentrated solution of stannous chloride which had been kept for a year 
or two in a bottle not very well closed, a layer of a translucent yellow gelatinous 
substance, which, when purified by washing with water and dried, had the composition 
SnO*HCl, and probably the constitution of chlorostannic acid, Oi:dSn(OH)Cl. WIioii 
heated, and even when left in a vacuum, it splits up into SnO^ and IlCl. Its acid 
character is shown by its behaviour to soda and ammonia. By the former it is re- 
solved into sodium chloride and stannic hydrate, which slowly dissolves in the excess 
of alkali ; with ammonia, on the other hand, it forms a salt having the composition 
SnO(ONH^)Cl. 


Organic Compounds of Tin. 

On Ferroeganidcs of Tin, see Cyanides (p. 613) ; Mercaplidcs (p. 1276). 

The crystalline forms of the s tan n methyl compounds and their homologues 
are described by Uiortuahl {Compt. rend. Ixxxviii. 684 ; Chem. Soc. J. xxxvi. 518). 

Stannopropjl-compounds. Some of these compounds, prepared by Oahours, 
have been already described (vii. 1085). The following have been obtained by 
’Cahours a. Domar^ay {Compt. rend. Ixxxviii. 1112). 

Stannodipropyl Diiodide, or Stannic Diiododipropide, Sn(C^H7"I^ is 
obtained by the action of pure tin on propyl iodide, whereas that of an alloy of tin 
with 10 per cent, sodiuti gives rise to stannotripropyl iodide, Sn(C*H’)“I. The di- 
iodide, separated from the other products of the reaction by distillation in a vacuum, 
is a colourless strongly refractive liquid boiling at 270°*273°. . Alkalis convert it 
into the corresponding oxide, which is a white anioi’phous substance insoluble in 
water, alcohol, and ether, and this, when trea^d with hydrochloric acid, yields the 
dichloride, Sn(C^Il^)-Cr", which melts at 80®-81°. 

Stannotripropyl Iodide, or Stannic lodotripropidc, Su(C®lI')^I, formed, 
as above mentioned, by the action of sodium stannide on propyl iodide, may bo dis- 
solved out of the product by ether, and is obtained on distilling the resiiluo left aft(T 
the evaporation of the ether, as a colourless mobile liquid having a very pungent «Klour 
and boiling at 260'’-262®. It is decomposed by silver salts, yielding corresponding 
salts of.stiinnotripropyl, and is converted by distillation with potash into a crystalline 
hydroxide, Sn(C*H^)*01f, M'hich unites with acids forming crystalline salts. 

Isopropyl iodide, similarly treated, yields a series of tin-compounds analogous to 
those just described. Like other isopropyl-compounds, they are more fusible and 
volatile than the corresponding compounds of normal propyl. 1'ln* di-iodidc boils at 
265°-268° ; the dichloride at 56’o®-57*5®. Stannic iodotriisopropide, Sn[Ulf(CH®)'“l*I, 
boils at 256°-268'’. 

Stannobutyl and Stannamyl Iodides (Cahours a. Domar(,*ay, Compt. rend. 
Ixxxix. 68). Stannic di-iodo-diisobiUide, Sn(C^ll*)*P, is a colourless liquid, boiling at 
290°-295°, obtained by heating tinfoil and isobutyl iodide at 120°-r25° in a sealed 
tube for several hours. Ammonia and jKitsish give a white amorphous precipitate of 
the hydroxide, which yields crystalline compounds with acids. The coiTOsponding 
chlorine compound, Sn(C‘IP)“CF, prepared by the action of hydrochloric acid on the 
iodo-derivative, is a colourless, mobile, heavy liquid, bcpling at 260®-262® and solidi- 
fying at 6°-6® to a mass of silky needles resembling asbestos. Stannic iodotribntUk, 
Sn(C^H®)*I, a colourless liquid, having an irritating odour, is obtained by heating a 
finely powdered alloy of tin and sodium containing 8 to 10 per cent, of the latter, 
metal with an excess of isobutyl iodide, and exhausting the solidified mass with ether. 
Jt boils at 284^-286°, and when heated with potash gives the corresponding hydroxide, 
which boils at 311 °-3 14°, and forms cryslhllino comxx)unds with formic and acetic 
acids. 

The action of isopentyl or amyl iodide on tin appears to yield a mixture of stannic 
di-iodo-diisopentide . 2 .ndL stannic iodo-triisopentide, which decomposes on distillation, 
and when treated with ammonia gives a white fiocculeiit precipitate of the two" 
hydroxides, which may be separated by means of ether, and yield crysuilline com- 
pounds with acids. When an alloy of sodium and tin is employed, the main product 
of the reaction is stannic iodo-triisopentide, 8n(C®H‘^)®l, an aln^ost colourless liquid, 
having a feebly irritating odour and boiling at 302°-305°. The action of potash 
yields the hydroxide Sn(C*H")*OH, a colourless, limpid, Ijeavy liquid, which boils at 
335°-338° with partial decomposition, and forms crystalline compounds with formic 
and acetic acids. 

From the stannic methides to the stannic pentides, the sbibility of the compounds 
gradually de^Teases and their odour becomes less irritating. 
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Stannophenyl Compounds (Aronheim, Bcr. x. 2228 ; xl. 2285 ; Lkhig's 
cxciv. 145). flL’hese compounds are prepared by the mutual action of 
niorcury-diphonyl and stannic chloride in boiling ligroin, the liquid after twelve hours 
being filtered and distilled in a paraffin-bath at a temperature not exceeding 150®-! 60°. 
On pouring the residue into water which is kept cool, the ligroi’n separates out, while 
stannic chloride, hydrochloric acid, and stannic diplionylchloride remain in solution. 
On heating this solution, the stannic diphcnylchloridc or diclilorophenide, Sn(C'’ir')*G^, 
is precipitated as an oily liquid, and the liquid decanted from it deposits, on further 
warming, sticky pulverulent substances which, after being heated for two hours, may 
he collected on separate filters. The first portion (m. p. 175°) consists of stannic 
diphenyl chloride and the corresponding liydroxychlorido ; the second (176°- 187°) of 
the nearly pure hydroxychloride ; the third of an infusible rnixtiiro of oxychloride, 
stannic diphenyloxide and stannic oxide. By Avashing with alcohol and prolonged 
suspension in water, the second portion is converted into perfectly pure stannic 
diphenylhydroxychlorido, Sn(0‘*Fl*)‘‘010Jl, melting at 187'’. 

Stannic Diphcnylchloridc^ Sn(C“Jl^)“Cl*, crystallises in colourless triclinic 
prisms, in which, according to Arzrimis measurements, a = 62° 47'; j8 ~ 76° 48'; 
7 = 94° 3'; alb: c = 0*6877 I 1 : 1*0666. Observed forms: oo jp oo,_oof co, OP, 

00, oo P/, ^00 P/4. Mtiasured angles : oo P oo : oo P oo 87° 46' ; oo P oo : P^ oo = 
77'' 14'; 00 Poo ;0P=62° 65'; 'P,oo : ooPoo = 5"#^ 40'. Tlio chloride distils with 
partial decomposition at 333°-337'’, the oily distillate remaining liquid for several 
weeks. It dissolves easily in ether, alcohol, and ligroin, less easily and with partial 
decomposition in water. It crystallises best from ligroin ; tl^o prisms effloresce very 
easily on some of their faces. By moisture the chloride is converted into the hydroxy- 
chloride; by alkalis into ^’le oxide; by hydriodic and hydrobromic acids into the 
cbloriodide and chlorobromide respectively. Sodium -amalgam converts the chloride 
dissolved in ether into stannic triphenykhloridc, Sn(C®lI‘')‘‘(Jl, mdting at 106°. Con- 
centrated acids split up the chloride into l)cnzcnc an<.l inorganic tin-salts or stannic 
ivcid. 

Stannic D iphe n y ! h y dr oxy c hlo r is an amorphous powder 

which docs not dissolve in the ordinary solvents. Strong hydrochloric, hydrobromic, 
and hydriodic acid convert it into the corresponding lialogen-cornpoiinds ; strong 
nitric and sulphuric acid decompo.so it; hydrogen sulphide docs not act upon it. 
Stannic di phenyl iodide is very unstjiblo, and is immediately converted by the 
excess of hydriodic acid into stannic iodide and benzene : Sn(C"IP)‘I-H- 211J = SiiP + 
2C‘*1I‘'. The chloi'ohromidc, Sn(C<®H^)-ClBr, after standing for some time, suddenly 
solidifies to a crystalline mass of stony hardness, consisting of piuacoi'ds \vitli 
apparent ly rhombic ond-faccs ; it resembles the cliloridc, and melts at 39° ; its odour, 
like that of the chloride, is putjgcntly sweetish ; in contact with water it crumbles to 
a white powder. 

Stannic Diphcnylchloroiodide, Sn(C"JP)'-ClI, is very easily decomposed by 
water, but very stable in the dry state. From its brownish solution in ether it sepa- 
rates in yellow inoiiocliuic crystals, which become perfectly white on exposure to the air ; 
they melt at 69°. This compound is most conveniently prepared by passing dry 
hydrogen iodide over the crystallised dichlorido ; the yield, however, is indifferent at 
the best ; a thickish oil is obtained as secoiulary product. The chlorohromide may 
bo prepared in a similar manner. 

Stan nic Diphenyldihromide^ Sn(C®ll*)=Br^ is obtained by treating the oxide 
w’ith hydrobromic acid at a gentle hcjit, first as a colourless oil which solidifies when 
touched with a crystal of the broinochloride ; it melts at about 38°. The iiction of 
hydriodic acid on sUiiiiiic diphenyloxide gives rise to benzene and stannic iodide. 

Stannic Diphenyl-diethoxide, Sn(C®H*)'"(OC*H*)®, is obtained by the actio^ 
of soclium-amcilgam on the dichloride dissolved in ether-alcohol, ard separates from 
tile solution ’n cubic crystals which molt at 124°, and are decomposed by water, witli 
formation of sbiunic diphenyloxide. 

Stannic 2'riphenylchloridc, Sn(C*H^)®Cl, obtained, as already mentioned, by 
the action of sodium-amalgam on an ethereal solution of the dichloride, forms largo 
white crystals which, after repeated crysttvllisation, melt at 100°. Its preparation 
succeeds only when the sodium-amalgam used contains a certain quantity of moisture. 
It is also produced when ammonia gas is passed over the fused dichloride. From the 
stone-hard product alcobpl extracts the triphenylchloride and sal ammoniac. A 
Secondary product is also formed, consisting of a sparingly soluble white tin-compound 
from which water extracts the hydroxy^d^yride^ Nn(C®Il'*)’‘*Cl01I ; the compound in 
question is perhaps an iimidochloride, Sn(C*H*)*ClNII*. 
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lore 

Stannic Triphoiylnxi^^ also forms salts with oxygen' acids, and when Irosited with 
potash yields the hydroxide Sn(C“H*)*OIl+ which molts at and 

gives off 1 mol. water at 120°. 

TlTAmUM. At. w. = 50. This element appears to exist in small proportion 
in the atmosphere of the sun, its presence being indicated by certain dark bands in 
tile ultra-violet portion of the spectrum (Cornu, Compt, rend. Ixxxvi. 101, 983). It 
has been found by Schuhmaeher (Jahrh.f. Min. 1878, 817) in a vesuvia n occurring 
at Ramraelsbcrg in Silesia, in which it appears to replace isornorphously an equivalent 
quantity of silicon (see Vesuvian). On the occurrence of titanium as oxide and as 
ferrosoferric titanate, see pp. 1979, 1980. ' 

Vreparation. — S. Korn {Chon. Acw-s xxxiii. 57) prepares metallic titanium by 
passing the vapour of the tetrachloride through a heated bulb-tube containing lumps 
of sodium, separating the resulting mixture of sodium chloride and titanium witli cold 
water, washing the residual titanium with other, and drying it over sulphuric acid. 
Thus prepared, it docs not act upon winter at any temperature below 500 Wehrlin 
a. Griraud {Compt. rend. Ixxxv. 288) fuse potas.si urn-titanium iluoride with an equal 
•weight of iron-filings, the iron then combining with the liberated titanium, which may 
be easily isolated by treating the product with hydrochloric acid. 

r Detection . — In testing an iron ore containing phosphoric acid for titanium, 

E. II. Bogardus {^Sill. Am. J. |3], viii. 334) noticed the following reactions; 1. The 
presence of phosphoric acid appears to prevent the precipitation of titanic acid from 
its acid solution on boiling. 2. Titanil* aci<l colours turmeric paper brown or orange 
like boric acid. 3. In prdi<once of phosphoric acid and iron, titanic acid is precipit ated 
from an acid solution by hydrogen sulphide. 

Estimation. — W. Bcttcl {CJteni. News, xxviii., 93) estimates titanil in 
niineralff by fusing the finely pulverised substance witli a«‘id potassium sulphate in a 
platinum crucible at a heat slowly raised to /edn css, till the mass passes into the 
state of tranquil fusion ; digestjf the mass, after cooling, with a moticrate quantity of 
water; filters from separated silica; dilutes w’ith water; adds sulphurous acid till 
all the iron is reduced ; and boils the solution for six hours, renewing the water as it 
evaporates, after which the separated titanic oxide is collected on a filter, dried, 
ignited, and weighed. 

A, Knop (Zeifschr. Kryst. 1, 58) points out that the ordinary methods of estimating 
titanium do not give exact results, and that the preseneo of titanium in siliceous 
minerals and rocks is often overlooked: he fimls, however, that correct results may 
bo obtained by the following method. The ammonia precipitate, consisting of ferric 
oxide, alumina,’ and titanic oxide, is filtered, washed, ignited, and weighed, then fused 
with acid potassium sulphate; the melt is dissolved ; the solution mixed witli tartaric 
acid, and made alkaline Muth ammonia ; and the iron precipitated by ammoiiinni 
sulphide. The filtrate is next evaporated to dryness ; the residue ignited and niixi d 
with strong sulphuric acid, which completely removes any blackening produced by 
the tartaric acid, and not previously removed by the ignition ; llieii 1 rented with 
excess of caustic soda-solution, which ilissolvcs the alumina, leaving sodium titanate 
to be again fused with potassium sulphate. On dissolving thcj melt in water and 
boiling the solution, titanic oxide remains behind. By this method Knop has demon- 
strated the prc.sence of considerable quantities of titanium in tho melanites of the 
Kaiserstuhl range, and of Frascati near Koine, and in pyroxene from the former 
locality, ’ 

For the estimation of titanium when associated with zi»- 'onium, as in astro- 
phyllite, arfvodsonite, and zircon, the following colorimetric method is employed by 
Gr. A. Konig (ZeUschr. Kryst. i. 423). The mixture of titanic oxide and ziivonia 
obtained by the ordinary method of analy.sis having been iveighcd, a blowpipj'-l^cad 
Voighing 0*65 mg., prepared from 0*12 mg. lihosphorus-salt, is coloured with 2 mg. of 
the mixture, and its tint is compared with those of a series of 10 or 20 test-beads 
likewise coloured by 2 mg. of oxide containing from 0 to 100 per cent. Al.*()=* and 100 
to 0 per cent. TiO^, Tliis method admits of tho estimation of 5 or even 2*5 
TiO* in the bead. '* 

Chlorides. The Tetrachloride, TiCF, or Titanic Chloride, may bo pre- 
pared by parsing the vapour of carbon tetrachloride over small lumps of titanic oxide 
placed in a tube heated to bright redness, the titanic chloride thus obtained amount- 
ing to about 50 per cent, of tlie carbon tetrachloride used. The same result may be 
more economically obtained by using, instead of tho carboff tetrachloride, a mixture 
of carbon monoxide and chlorine in equal volumes (C. W. Watts a. C. A. Bell, Chan. 
^.J. 1878, xxxiii. 443). 

Titanic chloride is decoinposod by sulphuric hydroxychloride, SO“(OH)Cl, with 
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formation of a yellow amorphous deliquescent powder having the composition 
ClSO*,OTiCl* (Clausnizer, Ber, x\. 2011). 

Compounds of Titanic Chloride with Ethers (Denmr9ay, Bull. Soc. 
Chim. [2], XX. 127 ; Comjd. rmd. Ixx. 1414). Titanic chloride unites directly with 
the ethers of organic acids, also with ethyl mercaptan and ethyl sulphide, fonning 
eompoiinds which, according to Demar9ay, are constituted according to the formu)^ 
on the rightr-hand sides of the following equations. With ethyl acetate the three 
following compounds are formed : 

2TiCl* + C'^U*O.OC-H» = TiCl».OC*H»,TiCP,C-JPOCl 
TiCl« + G-‘H=*O.OC=H« - TiCl“.OC'*ll\CWOCl 
TiCl* + 2(C*IPO.()Cm") = TiCl^(OC^n-y-*,2C*H*OCl 

Demar(^ay rests his view on the observation that the compound TiCI®(OC*}I'’) 
iiriitos directly with acid chlorides, and with titanic chloride, forming the compounds 
above mentioned : thus with ethyl acetate it forms tlio compound 

TiCP.OCTP + C'-'H^O.OOTP = TiCr-'(OC‘^lI»)^C-H»OCl 

intermediate between the last two in the preceding series. 

With ethyl hcnsoate three compounds are also ibnuod, which are more stable and 
cr^’stalliso Ixitter than the acetyl-compounds, but are decomposed by water, with 
formation of benzoic acid and ethyl benzoate. The formulae are the sanm as tho.se 
above given, substituting C’llH) for C-IU(). There is also a compound, 
TiCl''(0pII*0)-’,CM{-*0Cl, formed by combination of TiCP.OOIP and ethyl benzoate. 

Perfectly analogous compounds are ahso formed with the ethylic ethers of butyric, 
valeric, caproic, and angel • acids, also with amyl acelate and valerate and with 
nu'thyl benzoate. The ethers of bibasic acids likewise yield analogous bill much le.^s 
stable compjuiuls ; ethyl oxntatc, for example, yields the two compounds 

2TiCl‘.C-O*(C*U-0- and TiCl‘,C‘0<(C*H^)^ 
and ethyl suvelmde the three compounds 

oTiCl‘,0‘ITh)«(C^'II')-’ ; •2TiCl',C‘H'0'(CWy-; and TiCl',C»H‘0'(C'^H'7. 

With ethyl hydrosnl yhtde an<l sulphide four compounds arc formed, viz. : 

TiCP -f- CTl\SII TiCP.SCdP,IICl 

Tici‘ + (C'^jpy-s Ti0P.s(:*ip,0“ii-»ci 

TiCl* + 2(C“T1\SH) - Ti(ir-.(SC-ll>y-',2KCl 

Tici’ + 2(0''ir*y"« - Tici"(«c-ipy-,2(>jpci 

The first two have a blackish-red colour, ami do not crystalliso well ; the thinl ami 
fourth crystallise well, the third having a scarlet and the fourth a tine dark red 
colour. Lastly, the following intermediate compounds Iiave been obt^ained : 

TiCl* + G-TP.SP + C’lPO.OC-JP = TiCl-(J5ir-IP)(0C-lP).0’Jl-'0Cl,HCl 
TiCP + (C-lPy-S + C'Jl'^O.OC-H'^ = TiCl’‘XSC-H"X0C-"H-*),Cai*0Cl,C2H’‘Cl. 

The following bodies have been prepared by P. P. Podson {Chou. Soc. J. 1876, 
xxix. 309). A compound of titanic chloride with ethyl oxide, TiCl*,(C*IP)^0, is 
formcil by mixing equal parts of the component bodies in a coolo<l vessel. It is a 
yellow crystalline body, which melts between 42° ami 45°, boils at 118°'120° and is 
resolved by water into hydrogen chloride and titanic, oxide. By mixing the consti- 
tuents in (lififerent proportions the compound 2TiCP,3(C“H’‘)-0 is obtained. Titanic 
id hyltrichlor hydrin, TiCl^OCdP), is obtained from the residues left in the prepara- 
tion of the last-mentioned compound, by the application of a strong heat, or in larger 
quantity by heating the mixture of other and titiinic chloride in an oil-bath. When 
pure it forms a crystalline mass, melts at «'6°-78'^, and boils at 186'^-188°. 

The Hydrochloride of Titanic Trkthylchhrhydrin, TiCl(OC“H'‘)*,llCl, is obtained 
by the action of titanic chlorule (1 mol.) on absolute alcohol (4 mol.), the mixture 
being heated in a water- bath at 8()°-100°, tlie excess of alcohol, after the action is 
over, being removed by distillation, and the remaining white crystalline mass recrys- 
tallised from alcohol. It forms whit«3 crystals, which molt beU'een 105° and 110°. 
and are decomposed by w^ater. On dissolving it in alcohol and adding a veiy dilute 
alcoholic solution of sodium ethylate, smlium chloride separates out, ami the liquid 
contains ethylic titanute, Ti(OC'‘*IP)S wdiich crystallises ea.sily in deliquescent 
needles, and is converted bu addition of w'ator to its ethereal solution, into titanic 
hydroxide, Ti(OIl)^, which is precipitated (l)cmar<,’ay, Compt. nnd. Ixxx. 51). 

Trichloride, Ti'-'Cl®, and Bichloride or Titanous Chloride, TiCl* (Friedel 
a. Guerin, Compt. rend. Ixxxi. 889). — The trichloriHo (also, thougli erroneously, called 
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sesquitihloYidc) is formed hy heating the tetrachloride with rochiced silver in a sealed 
tube, but cannot be separated from the silver chloride formed at the same time, either 
by solvents or by distillation.. On distilling the mixture, the tetrachloride passes 
over, and metallic silver remains behind. The trichloride is not volatile as stated by 
Ebelmcn. When it is heated in a stream of hydrogen to the temperature of boiling 
sulphur, at which the tetrachloride is not attacked by hydrogen, the tetrachloride 
passes over, and a black substance remains, consisting of the dichloride. Jt is 
probably this latter compound which in the experiment above described effected the 
reduction of the silver chloride to metallic silver. 

A hydrated trichloride^ Ti'-Cl* + 811-0, is forxied when the violet solution obtained 
by the action of hydrochloric acid on titanium is evaporated to the crystallising 
point. It oxidises with extraordinary facility, with continuous separation of finely 
divided titanic oxide (Glatzel, Ber. ix. 1829). 

Titanium dichloride is very difficult to obtain pure, as it is very apt to be con- 
taminated either with a small quantity of oxychloride or of unaltered trichloride. To 
obtain a pure product it is indispensable to proceed as follows. The trichloride 
having been prepared by tlie action of hydrogen on the tetrachloride, the hydrogen is 
displaced by a stream of carbon dioxide, the trichloride is then introduced into a 
tubulated retort previously filled with earboii dioxide, and tliis gas is again displactjd 
« by hydrogen. Tlie retort is then placed on a sand-bath, and the bath is heate<l to 
dull redness, while a continuous stream of -hydrogen is passed through the retort. 
When the whole of the tetrachloride has been distilled over, the residue is left to cool, 
the hydrogen is displaced by carbon dtoxide, and the residual dichloride is transforrcil 
to tubes filh'd with the same gas. The dichloride in cooling absorbs hydrogen, and 
unless this gas is expelled the compound will take fire on ^exposure to thc! air (Fricilel 
a. Guerin). 

Titanium dichloride thus prcpareil is a black light substance, which greedily 
absorbs moisture, being thereby converted inlo a kind of mud. When thrown into 
water it hisses like red-hot irov, and if touched with a drop of water takes fire. It 
quickly decomposes water with evolution of hydrogen, and forms a yellow liquid like " 
that which results from the deliquescence of the trichloriile in moist air. It is in- 
soluble in ether, carbon sulphide, and chloroform. Absolute alcohol is also decom- 
posed by it, with evolution of hydrogen, and formation of a yellowish liquid which 
becomes bluc-black on addition of ammonia. Bromine combines with the dichloride, 
giving rise to incandescence, and forming a liquid, probably TiCFHr-, which boils at 
176^'^. The dichloride volafili.ses at a red heat in a stream of’ hydrogen without pn;- 
vions fusion. Heated in the air on platinum-foil, it burns like tinder, giving off 
vapours of the tetrachloride and leaving titanic oxide. The trichloride likewise 
absorbs bromine, forming a liquid, probably Ti'-CFJlr, which boils at 154° (h’riedel a. 
Guerin). 

OxycbloridCf Ti-0‘*C1*. This compouml, analogous to Ti'-Cl®, is formed as a 
■ secondary product in brown -rod sc;xles in the preparation of the dichloride by the 
method above described, especially if the precautions as to the exvlusion of moisture 
are not very strictly observed ; it may be obtained in larger quantity by exposing 
titanic oxide at a red heat to the action of a mixture of hydrogen and thc tetrachloride. 
It forms red-brown rectangular laminm, apparently orthorhombic, which are not 
directly attacked by water or by very dilute nitric acid. On exposure to the air it 
gradually turns white, from formation of titanic oxide. The crystals are attacked by 
ammonia, turning first black and then white, without alteration of form ; at thc sanio 
time hydrogen is evolved (Friedel a. Guerin, Compt rend. Ixxxii. 609). 

PliosplioolilorlfleB. The phosphochloride, TiCl^PCF, which Ziittschen obtaiiie«l 
by the action of PCI* on titanic oxide, and the phosphoroxychlorido, TiCP.POCP, 
♦which Weber obtained by treating titani^. oxide with phosphorus oxychloride (vi. 
1097), may also be produced by the following reactions. The phosphochloride is 
directly formed by heating molecular proportions of titanic chloride and phosphorus 
pentachloride in sealed tubes at 160°; thc phosphoroxychlorido in like manner by 
heating 2 mol. PCI* with 1 mol. TiO^. The latter is an easily crystallisable body, 
which melts at 110° and boils at 140^. Both these compounds exhibit a remarkable 
behaviour with alcohols. On throwing them by small portions into ethyl or methyl 
alcohol, reactions take place, represented by the following equations : 

TiPCP + 7CTPOH - 4HCI -p 4C-H*Cl + TiCl(OC*H*)*,PO<H* 
and 

TiPCPO + 6C*H*OH = 3HC1 + 3C*H*C1 + TiVJl(OC*H*)*,PO«H». 

After removal of the alcohol, there remains a gummy mass which has a metallic 
taste, and is decomposed by water into hydrochloric acid, and a compound, 
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TiO(OC®H*)*,PO*H®, inaolublo in water and in other, but soluble in alcohol. On 
heating this compound, ethyl chloride is first given off, then ether, and there remains 
a compound of titanic oxide with phosplioric acid, TiO^PO^H* (Welirlin a. Giraud, 
Compt. rend. Ixxxv. 288). 

xntrldes. Two of these compounds are known, viz., Ti®N* and Ti-N'-^. The 
first, analogous in constitution to TiCP and TiO’-', was discovered by Wohler 1?. 
Doville, who obtained it by heating potassium-titanium fluoride, or the corresponding 
sodium-compound, in nitrogen- gas (v. 841). It crystallises in copper-coloured cnists, 
which when examined by the microscope exhibit triangular summits, apparently be- 
longing to a rhombohodron. When ignited in hydrogen, or even in ammonia-gas, it is 
easily converted into Ti-N*. 

This latter compound, N~Ti — Ti=N, analogous to Ti-Cl®, is produced by 
strongly igniting the sesquioxide or dioxide of titanium for several hours in a current 
of perfectly dry ammonia-gas. The product is an amorphous brass-yellow powder, 
having a density of 6'28 at 18®, and hard enough to scratch topaz. When suspended 
in w'ater it is transparent with a blue colour, but appears yellow by reflected light. It 
is converted into titanic oxide by ignition in the air, and is attacked by melting 
potash, with evolution of ammonia. The same compound is obUiined, mixed with 
charcoal, when titanic oxide is heated to bright redness in cyanogen-gas. It is also 
fr(jqnontly produced as a brass-yellow film in the pv-^paration of titanium trichloride, 
when duo precaution is not taken to exclude nitrogen from the apparatus (Friodel a. 
Guerin (^Compt. rend. Ixxxii. 972). ^ ^ 

On Titanium Ferrocyanidca, see p. 613. % 

Oxides. iScsyvfioa’i •{?:, Ti‘-0®. — This oxide is one of the secondary products 
obtained in the preparation of the diehlorido by heating the trichloride in hydrogen 
gas (p. 1978) will'll the air is not eomplelely excluded. A portion of the tube and the 
boat containing the trichloride then ’•become coated with small, shining, copper- 
colourejd crystals having a violet reflex, and appearing under the microscope as 
* hexagonal laminio, exactly similar in form to iron-glance from Elba, Fe-O®, and to 
ilmenite, FoTiO*. The isomorphism between ferric oxide and titanium-compounds 
here exhibited is likewise seen in other compounds, as Ti'Cl** and Fo'-^Cl®, and 
ri«(SO‘)» and Fe‘^(SO»)». 

Salts analogous to this oxide are formed when metallic titanium is dissolved 
in hydrochloric or sulphuric acid ; with hydrofluoric acid, on the other hand, TiF"* is 
produced (v. 840), but in no case is a salt analogous to the dichloride obtained by the 
action of an acid on metallic titanium. The sulphate, Ti“(SO')‘\8lI-(), crystallises 
readily from the violet solution obtaimrd by treating titanium with sulphuric acid and 
concentrated by evaporation, in laminated groups of small crystals. J5y oxidation with 
nitric a«d it is converted into titanic sulphate, Ti(S0*)^3H-0, which is a perfectly 
transparent, somewhat yellowish, resinous mass, very hygroscopic and deliquescent. 
With potassium sulphate it forms the doublo salt, Ti(SO‘)'-,K*SO‘, 311-0, which Warren 
obtained (v. 610) b^ fusing titanic oxido with acid potassium sulphate (Glatzel, Bcr. 
ix. 1829). 

Dioxide ov Titanic 0.xidCtTW, — This oxide occurs native in the forms of 
Anatase, llrookite, and Iliitile. 

The crystalline forms of anatase from the Lorcheltiny Alp in the Binnenthal 
are described by C. Klein (Jahrb.f. Min. 1875, 337). Four types are distinguishable, 
according to the preilominance of P, JP, ooPoo or JP. The second and third types 
are. those which have been described as Wiescrin. The mineral occurs in clefts of a 
micaceous gneiss, accompanied by calcite (less frequently by an*agonito), brown 
haematite, adnlaria, rock-ciystal, mica, chlorite, iron-glance, rutile, and sometimes 
spheno. The specific gravities of the four types are as follows : 

Type 1(P) SCodPco) 4 (3 T) 

Sp. gr. 3*87 3*97 3*83 3*860 

In type 2, two kinds of onclosure were observed and distinguished as magnetic iron 
iixide and rutile (?), to which perhaps the higher specific gravity is due. G. vom 
Kath (Jahrb.f. Min. 1876, 64) describes anatase as a coating on adularia, rutile, and 
iron-glance, from Monte Carradi in the Tavetsch. A development unusual in ana- 
tase is determined by the predominance of JP. Anatase and Brookite from tho 
gneiss of tho Pfitschin Joch, Tyrol, are described by A. Brezina (ibid. 1873, 646). , 

Anataso and Brookite have been found by Klette (Zeitschr, geol. Ges. xxvii. 442), 
together with quartz and nagnesia mica, in a druse of orthoclase from Wolfshau, near 
Schmiedeberg, in Silesia. 

The crystals of Brookite are referred by A. Schrauf (Jahrb.f. Min. 1877, 403) 
to three types, viz., those from Tremudoc, North Wales, those from Ulster' County, 
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New York, and those of English, Bussian, and Swiss origin. They are all referable 
to a monoclinic system with the following elements : 

a b e Axial angle 

TPype I. 0*844149 : 1 : 0*93887 90° 21' 

„ II. 0*846931 : 1 : 0*93795 90° 39*3 

„ III. 0*841419 : 1 : 0*943441 90° 6*6' 

Schrauf regards brookito as isomorphons with Wolfram, a roLation which is best 
exhibited by the formula TiTiO*. 

A ferruginous variety of brookite occurs in* clefts of the andesite of the Arany 
Bejpg in Transylvania. A. Koch {Jahrb.f. Min» 1878, 662), from the crystalline form 
and from an analysis made with a very small quantity of material, inferred that it was a 
rhombic modification of titaniferous iron, and called it jimidobrookite\ but Groth 
(Zeitschr. Kryst. iii. 306), correcting Kodi’s crystallographic determinations, shows 
that by a proper selection of the axes, the crystallographic elements of the mineral 
come so near to those of brookite, that it may be regarded as probably a ferruginous 
variety of the latter. Analysis gave : 

TiO* Pe’0*(’) CaOO,MgO(“) XC) Sp. gr 

62*74 42*29 4*28 0*69 = 100 4*98 

(') With a little alumina : partly as FeO. (*) Determined by difference. (*) Loss by ignition. 

Rutile. G. vom Bath {Zeitschr. /. Kryst. i. 13; Jahrh. f. Min. 1877, 297) 
describes rutile in fonns of iron-glance.. The small crysUls from the Lerchettini 
Alp ill the lliunenthal oxliibit the combination P.Pefc . ocP. ooPgo . ooP2, t(»- 
gether with a few other octagonal prisms, so placed that their principal axes am 
parallel to the three diagonals of the base 0li» of the iron-glance, and the face ooPod 
is parallel to the base itself. That this peculiar formation is not a more coating, hut 
a true pscudomorph of rutile after iron-glance, is shown by the interior of the groups, 
which consists of fine-grained rutile. In the rutile from Hot Springs, near Magnet 
Cove, Arkansas, octlings occur, intergrowii parallel to the faces of Poo , which meet in 
a polar'edge of 46*2°, the twin-formation eight times rcjpeated nearly forming a closed 
circle. V. Hansel {Jahrh. f. Mm. 1878, 628) describes crystal.s of rutile from 
Matlriach, exhibiting the combination P . Poo . coP . ooPoo. (1. Seligman {Jahrh. f. 
Min. 1877, 828) describes regular intergrowths of rutile with magnetic iron ore, 
crystallised in tabularly distorted octohedroiis, the vertical combination-edges of the 
rutile lying parallel to the edges of the nmgnetic iron ore, and the face oo Poo of the 
former to the predominating face of the latter. On tlio crystalline forms of Itntcno- 
rutile from the eastern side of Lake Ilmen, see P. v. Jeremejew (Zeitschr, Kryst, ii. 
604; Jahresb.f. Chem. 1877, 1277). 

Titanatos. Ferroso- ferric Titanatc {Titaniferous Iron).- A specimen of this 
mineral, rich in magnesium, from the diamond-bearing sand of Hi* Toil’s Pan, .%uth 
Africa (mistaken by the miners for carbon), has been analysed by E. Cohen {Jakrb. f. 
Min. 1877, 695) with the following result : 

Insol. 

TiO’ Fe’O'' FeO MgO n«i(luc Sp. gr. 

Found 52*69 6*91 26*60 11*85 207 - 100*02 ',,,0 

Corrected 53*79 7*05 27*00 12*10 = 100 

Caldc Silicotitamitc {Titaniley Spkenc). — The following analysis by Schmbger of a 
titanite from the syenite granite, which forms a vein in the eclogito of Waldheim in 
Saxony, is published by II. Crednor {Zeitschr, geol. Gcs. xxvii. 202) : 

«* TiO’ Sif)’ Al’O’ YO CaO 

37*45 31*37 4*79 3*13 0*88 22*38 = 100 

By the presence of alumina this mineral is related to the titanite, occurring in syenite 
near Dresden, described by Groth {Jahresb.f, Chan. 1866, 943), and named Grothita 
by Dana {Mineralogy^ 6th od., p. 386). 

Light-brown to flesh-coloured titanite (grccnovite^ v. 398) occurs near Zermatt, in 
crystals of the combination Poo. — Pco. — 2P2. — 4P4. + .iP2, together with perow- 
skitc on Pennine. Manganese, the usual colouring principle of greenovite, was 
detected only in traces in a bright-coloured crystal, ferrous oxide somewhat more 
abundantly. Sp. gr. 3*647 (C. Hintze, Zeitschr. Krf/st. iv. 310). Titanite crystals 
from the limestone of Er.sby in Finland are described by F. J. Wiik {ibid. 495), 
some of rhombohodral habit ^ odP . OP), others tabular from predominance of oePoo , 
the former directly imbedded in the limestone, the latter surrouniled by scapolito. 
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TOBACCO. The following observations on the composition and culture of 
tobacco have been made by S, W. Johnson (Annual Bepoft of the Connecticut Board 
of Agriculture, 1873, 384). 

Tobacco leaf, as sold by the farmer, contains about 30 per cent, of water. The fol- 
lowing tsible shows the ash-constituents (not including sand or CO'-*) and nitrogen of 
dry tobacco-leaf from Connecticut and Massachusetts, also the moan ash>constitueif*s 
of Kentucky tobacco : 
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Kentucky tobacco: — 

Mean (30 samplos) . 
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1-20 

QC 

•27 
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The percentage of nitrogen is greater than ’ti any other cultivated crop ; part of it 
exists ns nitrates. 

The composition of tob;n:co is very variable; like all green crops, its constituents 
are much influenced by tli^ ..nture of the soluble matters in the soil. According to 
Sclilmsing and Nessler, tobacco burns be; t when it contains considerable quantities of 
potassium malatc ; this condition the -nanufaeturcr is able to imitate by treating thi> 
I<*avcs with a solution of potassium Jicotato or of some other organic potassium salt. 
The presence of chlorides is injurious to combustion, but the evil is obviated if a 
more than usual proportion of potassium malate is present. Sulphates ratlier favour 
and iiitiutcs are prejudicial to proper coralnistion. Tolwicco dried without fermenta- 
tion is yellow, the depth of colour varying according to the extent of the ferment- 
ation. 

A good crop of tobacco, yielding 1,200 lbs. of dry leaf and 1,100 lbs. of dry stalk, 
removes from the soil in lbs. per acre: - 
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As the stalks are returned t«> the land, tobacco is not a very exhausting crop, but. 
since the period of growth is very short (three months in the middle of summer) it 
requires to bo abundantly manured. Farmyartl manure, giuino, fish manure, and 
gypsum, with potassium salts (cavoiding the chlonde) under special circumstances, are 
said to yield good results. As the soil is fop the greater part of the year unoccupied 
l)y the crop, a serious loss of nitrogen n|ny take place by the washing out of nitrat »s. 
To avoid this it has been rocommondecl that rye should be sown as soon as the 
tobacco is ^IF, and ploughed in as a green crop when cultivation for tobacco com- 
mences. 

b’ivG sorts of tobacco analysed by K. S. Brculcnbaugh (Amer. Chem. iii. 306) 
yielded the fi)llowing results : 
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In several varieties of tobacco consumed in Sweden, and analysed in the laboratory 
of Asaruii, the amount of ash was found to vary from 9 to 17 per cent., and that of 
the constituents soluble in warm water, from 50 to 64 per cent. {Dingl. pol. J. ccxxv. 

, 615). 

The ash of Havaiiiuih cigars has been analysed by A. Percy Smith (Chem. Neivs, 
xxviii. 261, 324) with the following result; 


Potassium «Sulphato 

. 7*401 

„ Carbonate 

. 9012 

Sodium Sulphate .< 

. 5*764 

„ Chloride « . 

. 3*272 

„ Carlmnate . . ^ . 

. 1*030 

Calcium Sulphate ..... 

. 4*180 

„ Carbonate 

. 45*400 

Ferric Oxide and Pliosphorie acid 

. 0*460 

Calcium and Magnesium Phosphates . 

. 9*210 

Silicji 

. 0*641 

Charcoal 

. 3*162 

Aluminium, Lithium Carbonate, and loss 

. 1*459 

• 

100*000 


According to E. R. Diirrwell {/hiil, Soc, Chim. [ 2], xxiv. 450), the whiteness of 
the ash of good tobacco is due to the presence of large? quantities of polassiuni and 
sodium salts, which swell up as the tobacco burns, and 1 Ctar th(? iibres, thereby in- 
ducing complete combustion. 

Proportio7i of Nicotine in Tobacco. — L. Ricciardi (Z?cr. xi. 1385) has determined 
tlie amount of nicotine in 20 sorts of tobacco raised in the Romagifti and in McKhma 
under various conditions of growth and with difterent manures. Tlie smallest pro- 
j)OPtion (1*62 per cent.) was found in a Havannah variety ; the largest (5*U9 percent.) 
in a Virginian variety. 

Smoke of Tobacco. — f}. Krause {VingL pol, J. ccxiii. 495) has examined tobacco- 
smoke for the oxides of Carbon, ilo found in the smoke of several kinds of cigars, 
obtained by suction either with an aspirator or by the mouth, 9 4 to 16 vol. per 
cent. CO’'*, and 8*7 to 13-8 per cent. CO. The smoke of a loosely stopped pipe con- 
tained 14*7 per cent. CO-, and 5‘2 per cent. CO; that of a closely stopped pipe con- 
tained 9 2 per cent. CO*, and 9'2 per cent. CO. H. Schwarz {ibid, ccxxvi. 306) found 
in the smoke of a Virginian cigar, 12 to 12-8 per cent, CO’-', and 4-0 to 4 76 
CO. ‘ 

On the alleged presence of nicotine in tol>acco-smoke, see Nicotink (p.^ 1391). 

TOXiAUTXi SV&PBZBli, C'«]I’»S (v. 850; vi. 1099). This compound, 
prrxluced by the dry ‘distillation of benzyl monosulphide or bisulphide, was said by 
Miirckep and by Dorn melt at 143^-145®, by Fleischer at 166®; Forst, however, 
finds that after repeated crystallisation from alcohol it melts at 172®-.173®. Very 
small quantities of stilbeno lower the molting point considerably. Tolallyl sulpliide 
is less soluble in hot water than stilbene, but dissolves somewhat more readily in 
ligroin, still more in ether and in chloroform, and crystallises from these solvents in 
loose, white, highly lustrous laminae, resembling hydrobcnzbin. It sublimes without 
decomposition, and boils at 350°-360° (thermometer-bulb in the vapour). It does 
not appear to unite with picric acid. When boiled witli chromic acid mixture it 
blackens, and yields car]x)nic and benzoic ticids. The compound C‘*n‘*S, which 



TOLANE— TOLUENE. 1983 

Barbior obtained by heating benzyl sulphide, was probably nothing but impure 
tolallyl sulphide (Forst, lAebi^s Annalen, clzxyiii. 370). 

TOXiAWlSp This hydrocarbon, which Limprich a. Schwanert obtained 

by heating toluyleno bromide with alcoholic potash (vi. 1099), is also produced by the 
jiction of alcoholic potash on hydrobonzom chloride. As thus obtained, it forms 
characteristic large transparent highly lustrous crystals melting at 60'\ It is pfl?- 
ducod also, in like manner, though somewhat impure, from the chloride of isohydro- 
benzoi'n. 

Tolano-vapour passed through a r <d-hot tube yields chiefly high-boiling products 
and much charcoal ; no phenanthrene (Grabe, Liehifs Annalen, clxxiv. 198). Tolane, 
heated to dull redness (.540°-550®) in a closed and vacuous tube, yields a small quantity 
of benzene, together witli highly carl)onised products (Barbier, Ann. Chim. Phya. 
[.')], vii. Cl 6). Heated with hydriodic acid and red phosphorus at 170^-180°, it 
yields stilbene, and on further action dibenzyl (Barbier, Compt, rend. Ixxviii. 
1772). 

TOUDZITB, Sec Toi^yl-diazins. 

TOZiXiTXiSirB CBZiORZDS syn. with BZCBZiOROXnB»rE. See 

Xylene-compounds. 

t 

TOXiIT BAILSAM. According to Baillon (Pharm. J. 7Vans, [3], iv. 385) Tolu 
balsiim and Peru balsam are derived from the same tree, Toluifera halsamum, Linn., 
and the differences between the two products ^ire due merely to differences in the 
mode of obtaining them. * 

TOZiUABDEBYBZA The name is given by Ladenburg (Ber. 

xi. 590, 1656) to a class of co-iiiiiounds formed by the union of 1 mol. of an ortho- 
diamine with 2 mol. aldehyde, the coji;bination being attended with elimination of 
1 mol. water. Meta- and para-diamiucs do not foim stable compounds with aldehydes. 
Sec Toluenes (I)iamido-). * 

TOBBElTEf C^H^i-C'*IP(CJP). This hydrocarbon is formed, together with 
benzene and some of its higher homologues, by passing the vapours of petroleum and 
lignite taf through a red-hot tube filled with lumps of charcoal (Letny, Ber.xi. 1210); 
also by lioating t)etrol(Jum with aluminium chloride, in presence of oxide of zinc, iron, 
or lead, and air (Friedcl a. Grafts, Jahresh.f. Ch-eni. 1878, 1166). 

Ecactions. 1. With 0.vyyen. — Toluene mixed with aluminium chloride absorbs 
oxygen, and on decomposing the mixture with water, an oily liquid is separated, from 
which ether extnicts a c resol boiling at 200'^ (Friedol a. Crafts, Compt. rend. Ixxxvi. 
884). 

2. Willi Broininc. — Toluene, subjected to exhaustive bromination with bromine 
containing iodine, yields perbromobenzene and perbromometbane (p. 1067). 

3. Witli IJydriodiii acid. — Bcrtlielot found that toluene heated in a sealeil tube to 

270*^-280'^ is coilverted into the saturated hydrowirbon heptane, CHl"‘ (vi. 711). 
According to Wredcii, on the other hand {Ber. viii. 769), the product thus obtained is 
not heptane, but an unsaturated hydrocarbon, In subsequent communications, 

both Bertludot (Bull. Sctc. Chim. [2], xxvi. 146) and Wredou {Ber. x. 712, 2211; 
Lielng's Annalen, clxxxvii. 153) adhere to their former stattniients, Wroden designating 
his hydrocarbon, C^ll“, as lu^xliydrotolucno, and describing it as a colourless 
mobile liquid having a sp. gr. of 0'77‘2 at 0®, and 0’758 at 20°, a vapour-density of 
3*36 (calc. 3-38), and boiling between 94° and 100°. It is not attacked by a mixture 
of nitric and sulphuric acids at ordinary temperatures, but on heating it is oxidised 
to carbon dioxide and water. 

4. By the action of chloride, tolueno is converted into /?-iodotol ueno, an 

oily liquid boiling at 206°. • 

5. Tolueno mixed with molybdenum prntachloride, and subjected to the action of 
chlorine yam at the heat of the water-bath, is converted in the first instance into 
l»!irachlorotoluene (b. p. 158°-1 61°), mixed with only vcjry small quantities of the 
0 - and w-modificatioriH, and by continued aiition of the chlorine into di- and tri- 
chlorotolueiies (Aronhoim a. Dietrich, Ber. viii. 1401). 

5. Chromyl chloride, CrO'^Cl’'*, con verts toluene i nto b e n z a 1 d e h y d e and benzyl 
chloride (Etard, Compt. rend. Ixxxiv. 127). 

7. With antimony trichloride at high temperdtures toluene yields nothing but tarry 

products. ^ 

8. By sulphiinc hydroxy chloride, SO®(OH)CI, toluene is converted mainly into 
paratoluenosulphoiiic acid, together with small quantities of paratolueiiosulpho- 
cliloride and sulpliotolnide. When toluonc and sulphuric hydroxy chloride are mixed 
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together with phosphoric anhydride, the chief product obtained is paratoluenesulplio- 
chloride, together with a small quantity of sulphotoluidc (Beckurts a. Otto, xi. 

2062). V . 

9. Aetim of Heat on a Mixture of Toluene and Benzene. — When the mixed 

of these bodies are passed through a red-hot tube, the following hydrociirtons 
are formed: Benzene, naphthalene, diphenyl, paratolylphenyl, orthopaiaditolyl, 
7 -mothylene-diphenylone, S-methylene-diphcnylene, phenanthrene, anthracene, para- 
diphenylbenzene, a hydrocarbon having the formula a liquid hydrocarbon 

boiling at 293®-316^, and melting at 13°, two other liquid hydrocarbons or mB^bnres 
of hydrocarbons boiling at 359°“383° and 40<l°-427° respectively, and a solid black 
bitumeiie. 

The more important changes occurring during this reaction may be represented as 
follows : 

2C»H« = H* + C«H*.C*HHdil-onyl). 

OTP + C^H^CIP = H* + (tolylplionyl). 

2(C«IP.CIP) * + CH®.C«1P.C'*H^CII» (ditolyl). 

cm*.cw C^I^v 

I = II* + I \CH" (mcthylenc-diphenylfiie). 

OTP 

C«H'.OU 

I = 2II- +1 II (phenanthrene). 

C“H^CJP 

3C«U« --■ (diphenyl-benzene). 

The y- and 3-mothylene-dipIienylenes above mentioned arc isomeric, not identical, 
with the mcthylenc-diphcnylcnes (dipheuylene-methanes),* ^vlli(*h are obtaiiUHl by 
passing <liphenylmcthane through a red-hot tube, and by reducing diplicnylenis ketone 
with zinc-dust or with hydriodic acid and red phosphorus (p. 670); also with 
Berthelot’s coal-tar fluoreno (p. 671). The distinguishing characters of the four 
mr)ditications of methyleiie-diphenylene arc exhibited in the table on p. l!)8o. 

10. Action of Zinc on a Mixtureof Tolueneand Benzyl chloride. Benzyl- toluenes 

(Weber a. Zincke, vii. 1103). The products obtained by healing a mixture ot‘ 
toluene and benzyl chloride with zinc-<lu.st consist chiefly ot‘ mono- and <li-bcrizyl- 
toluene, G“H'^ and together with smaller quantities of ant hracene and various 

volatile hydrocarbons, most probably formed by decomposition of tlui benzyl chloride. 

Munohenzyi^toluene, or Benzyllolyly C'*Jl\CIP.('“ll‘.OlP, passes over as a 
colourless oil boiling at 277° (vii. 283). \Vhcn subjected to incomplete oxidation 
with chromic acid mixture, it yields a solid and a liquid plienyl-tolyl ketone, 
C^IP.CO.OH^CH®, the former convertible by further oxidation into pa ra benzoyl - 
benzoic acid, C‘'HbCO,C“mCOOn, in which C().C“IP ; C()OH = I : 4, the latter 
into a mixture of mota- and ortho- benzoyl- benzoic acids. The crude benzyl- 
toluene is therefore a mixture of three isomeric compounds, in which the radicles 
CH*.C*H* (benzyl) and CIl* stand to one another in the relative positions 1 : 4, 1 ; 3, 
and 1:2. 

The three benzyl-toluenes have not been directly separated one from the other, 
but the modification is obtained by distilling solid tolyl -phenyl-ketone with zinc 
dust. It boils at 279°-280° (corr. 285°-286°), remains fluid in a mixture of ico and 
salt, and is oxidised by chromic acid mixture to paral^tinzoylbenzoic acicb When 
passed in the state of vapour through a tul>e filled with pumice and heated to low 
redness, it remains unaltered, whereas the mixture of the three benzyl-toluenes yields 
thereby a large quantity of antliracene (Bchr a. van Dorp, Ber. vii. 18). The same 
hydrocarbon is abundantly formed when crude benzyl-toluene is heated with lead 
oxide, its production in both cases being probably due to the ortho-benzyltoluene con- 
tained in the mixture (Behr a. van Dorp, i)M. vi. 763). According to Barbior 
{Jahreeb. f. Chem. 1873, 369), benzyl-toluene is decomposed by the action of heat , 
alone into anthracene, toluene, and free hydrogen : 

2C”I£“ == -h 2C»IP + IP. 

The anthracene thus produced forms brown laminae with Britzsche’s reagent,- whence 
it appears to contain phenanthrene (^. v.) 

' * The compounds here called raitlhylene-diphenylenes have hitherto been known as <liphenylene- 
methanes (p. 670) ; but this name belongs more properly to the compound which liiw 

not yet been obtained. 
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The dinitrohensyl-tolmne (m. p. 137°) which Zincke a. Milne obtained by treating 
crude benzyl-toluene with strong nitric acid (vii. 183), appears from experiments by 
Plasciida a. Zincke {Bcut. Cheni. Ges. Ber. vii. 982) to be derived from purabenzyl- 
toluene. Another dinitrobenzyl- toluene is formed at the same time, probably derived 
from ortho-bonzyl-toluene ; it crystallises in small conccntrically-groupod needles, and 
melts at 100°. 

Dibensyl^toluenes^ = CIP.C®H*(CHIC®H*)^. — The crude product re- 

maining after the monobenzyl-toluciio has been distilled olf is a thick brownish oil, 
which begins to boil at 320°, and may be completely distilled between 460° and 500°, 
leaving only a small quantity of tarry residue. 

The portion distilling between 320° and 380° may be separated by a series of 
fractional distillations into anthracene and a liquid product consisting chiefly of 
monobenzyl- toluene. 

The portion distilling between 380° and 420° yields by further fractionation a 
large quantity of an oily, slightly aromatic, fluorescent liquid, liaving the composition 
of dibenzyl-toluene. This hydrocarbon boils at 392'^-396° under ordinary 
pressure, at about 280°-28o° under a pressure of 30-40 mm., and has a specific 
gravity of 1*049. It dissolves easily in alcohol, ether, chloroform, and benzene, does 
not combine with picric acid, and is com'erted by nitric acid into resinous nitro' 
products not admitting of purification. When passed in the state of vapour through a 
red-hot tube, it splits up into hydrogen, toluene, anthracene, and an isomeride of the 
latter. By oxidation it yields two^ isomeric dibenzoyl benzoic acids, 

(p. 309), and a third infusible acid having the composition or probably 

(j«H* — CO— C®ll*(COOH)'-. This acid may bo formed from ono of the dibenzoyl- 
benzoic acids by abstraction of or it may bo derived from a distinct modification 
of the hydrocarbon C-'H*®. From this it may be inferred that the dibenzyl-toluene 
obtained as above is a mixture of two, if not of three, isomeric hydrocarbons. 

The oxidation of dibenzyl-toluono likewise yields a considerable quantity of 
ketones, and by further decomposition, carbonic, acetic, and benzoic acids. Th(^ 
attempt to separate these ketones was not successful, but yielded a viscid honey-yellow 
mass Laving the composition C’**1I'®0% easily soluble ix alcohol and ether, distilling 
unaltered at 300°-305° under a pressure of 30-40 mm., but decomposing when re- 
peatedly distilled under ordinary pressure, and yielding thereby — together with small 
quantities of water, toluene, beiizaldehyde and anthraquinono— a largo quantity of 
anthracene, and an isomeric hydrocarbon differing from phenanthrene, and identical 
with the one already mentioned, as resulting from the decomposition of benzyl- 
toluene by heat (see Anthracene, p. 95). 

The portion of the crude product of tho action of benzyl chloride on toluene in 
presoheo of zinc which boils above 420°, yields by further fractionation anthracene and 
toluene, the formation of which, as well as of the aiithmcene occurring in the lower- 
boiling portions, is attributed by Weber a. Zincke to the splitting-up of hydrocarbons 
having the composition wC^lI®, which may be supposed to bo formed from ?jC^f£'Cl by 
elimination of wHCl. More highly benzylatcd toluenes are doubtless also present. 

1 1. A mixture of toluene and benzoyl chloride^ C®H®.CO.Cl, is decomposed by zinc 
with evolution of hydrogen chlorides, but tho greater part of tlie benzoyl chloride is 
decomposed in the same manner as it would be if heated alone (Zincke, Ber. vii. 137). 

12. Action of Phosphorus Pentoxide on a mixture of Toluene and Flmrcnic Alcohol. 
When (12 g.) is heated for four or five hoursdn a sealed tube at 140°-150° 
with a saturated solution of fluorenic alcohol (10 g.) in toluene, tho product wash(‘d 
with water, the excess of toluene expelled by a gentle heat, tho residual liquid dis- 
tilled, and tho solidified distillate recrystallised, from boiling glacial acetic acid, 
diphenylene-tolyl -methane, (C®H®)*— CH.C®H^CH*, is obtained in long, 
slender, silky, lustrous needles melting at 128°, slightly soluble in alcohol and ether, 
freely in benzene and in hot water ; it does not combine with picric acid (Hcmilian, 
Ber. xi. 202). 


Sabstltutlon-derlwatlves of Toluene. 

The substitution of chlorine, bromine, nitryl, &c. for an equivalent quantity of 
hydrogen in toluene may take place either in the C®II®-group or in the CH*-group (v. 
862). The derivatives of the former class have hitherto been designated as cbloro-, 
bromo-, nitro-toluenes, &c., those of the latter as chlorides, bromides, &c. of benzyl, 
benzylene, or benzenyl, e.g. C®H*.CIPC1, benzyl chloride; C®II*.CHC1®, benzylene 
dichloride ; C®IP.CCl*, benzenyl trichloride. Another mode of distinction has been 
proposed by Beilstein a. Kuhlberg, consisting in placing before the name of the com- 
pound the number of the hydrogen-atoms displaced by chlorine, &c., either in the 



TOLUENES (BBOMO-). 1987 

‘'™«know„<Jichlo«>toluen.. 


C®H»Cl*CH» 

(2—0) (licbloro* 
tolneue. 


C«H<C1.CH2C1 

(1-1) dichloro- 
toluene. 


C‘®».CH*Cl« 

(0—2) dichloro- 
toluene. 


Tiliimt wEnllv in th« in which the substitution takes 

Slth th* nnmnnnmt.*^ ^ -gTOup, the numerical prefix may in most cases be dispens^ 
I 'If signatod simply as chloro-, bromo-tolnenes. &c 

The three chlorotoluenes may also bo designated systematicallV as follows: 

C«H*C1*.CH=' C®H^CI.CH*-C1 C«H»GTTn2 

ss=st 


Buomotolurnks. 

jt u.i.ta i.,0 .1, 

alcohol. The product, freed from the greater part of the alcohol by^ slow distillation 
IS washed with potash-solution, distilled with ■Steam, dried, aud^ fractionated^ It’ 
bmls at 182 , and smells like orthodibromobenzene. By oxid&tion with dilute nitric 

into^®-brcmobens''J-c\c;d 

Jier. Til. 14J). MetahromotoUmte was prepared from ^nitrotolueno, by succesS 
° aeelotolnide. bromacetotoluide. bromotoluTdine 

ri ® It this base, the diazoperbromide, and finally 

"o ls at’l84M”“?^ rbar 754 ITmT^ ’ tf " with phosphoric anhyZS 

7 ?b t!i ' Tt"** * “'J .^"“‘ber preparation boiled at 184-3“ fbar 

7.1874]. Its odour IS undistinguishable from that of metadibromobenzene ^ Bv 
oxidation it is converted into metabromobenzoic acid, melting at 154® VnTnhrm,J 
teimw IS formed, together with the other two miriiflcations and benzyl br^midT bv 
direct bromination of toluene; also from p-toluidino by substitution of Sne f™ 
MR After drying with phosphoric anhydride, it melts at 282“ resolidifies Tt 25-4e 
and boils at 184-8“ (bar. 760-74); smells vciy much like Tt^ibrimornzene (Zrner): 

cl e - 0). »‘'>''»“?to»uenes, C«H“Br=.CH’. The six possible dibromotoluenes are 
obtained either by direct bromination of the monobromotoluenes, or by convertine 
the monobromoto uidinos into diazoperbromides, and decomposing these comooumlf 
by boiling with alcohol. Their formation by this latter process throws considerable 
ight on the influence of the amido-group, NIP, in determining the position taken un 
by bromine (or other halogen) when it enters into a compound already contaiiiing 

NevirL'^TTif’ lately been especially studied by 

Nevilo ^Winther (6'im. Soe. J. 1880, xxxTii. 429-463). With regard to this in- 
fluence, Korner, in his classical research, ‘On the Isomerism ofthe Aromatic Comnoiinds 
^ntaining six atoms of Carbon’ (<?««. cUm. Ual. 1874, 305 ; see also p 1« 7 ^' 
jolume), laid down Oie rule that when a halogen-element, or the nitro-eroun NO-i 
iH introduced into aniline, it takes up the para-position with respect to the Nlfa’ 
group; and Nevilo a. Winthor, in the paper just referred to, h.ave shown that this 
niie IS ot more general application, and that when bromine, or other halogen-element 
or the nitro-group, is directly intpjducedintotoluidine, as well as into aniline it takes 
up the para-position with regard to the amido-group-or if this position is alreadv 
occupied by any other groups or radicles, that the halogen then taLs up one of the 
two ortho-positions, but that it cannot undti** any circumstances bo made to take ud 
a position meta to the amido-group. Wroblewsky, who prepared five out of the six 
uiDromotolueneo from the corresponding monobromotoluidines by the diazoperbromide 
reaction (vii. 1165), obtained results which were in some cases inconsistent with 
burners rule, but the experiments of Nevile a. Winther tend, as above said, to show 
that the rule holds good in every case. The following are the results of these experi- 
ments r * 

(1 and 2). Ortho-meta'dihromotoluenes, CII* : Br : Br=sl ; 2 : 3 and 
* 'Ji ‘ latter of these modifications is obtained from orthobromo-metatoluidine 
and from metabromo-orthotolpidine by the diazo-reaction as follows : Acetorthotoluide’ 
treated with 1 mol. bromine, gives a monobromacetoluide, and this by decomposition 
With potash gives a monobromotoluidine, which, after separation from small quantities 
01 aibromotoluidine fomed at the same time, by solution in dilute hydrochloric acid 
precipitation with sodium carbonate, and distillation with steam, melts at 66® 66® 

6 M 2 
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(Wroblewskj gives 58*^). The diazo-perbromido of this monobromotoluidine decom- 
posed by warming it with glacial acetic acid yields the dibromotoluene. The acetyl 
derivative of meta-toluidine, subjected to the same series of reactions, yields a dibromo- 
toluene which was regarded by Wroblowsky as different from that obtained from 
orthotoluidine. Nevile a. Winther, on the other hand, find that the two products thus 
obtained are identical; they are l^th fluid at ordinary temperatures, and do not 
solidify in a mixture of ice and salt ; their nitro-derivatives, obtained by treating them 
with fuming nitric acid, melt at nearly the same temperature (87*6°-88*6°), and the 
corresponding amido-compounds at 84®-85‘P.^, 

This dibromotoluene being obtained either from m-brom-o-toluidine or from o-brom- 
9n-toluidine, must be an ortho-meta-derivative, viz. either 1 ; 2 : 5 or 1:2:3; and 
hence also it may be inferred that when bromine is introduced into orthotoluidine, it 
takes the meta-position relatively to CH*, and that when introduced into meta- 
toluidine it takes the ortho-position. The mode of formation does not afford the 
means of deciding by which of the two formulae the constitution of the dibromotoluene 
is represented, in other words whether the two bromine-atoms are ortho- or para- to 
each other ; but an o-m-dibromotoluene different from it may be obtained by the 
following process : — 

By adding an aqueous solution of bromine (rather more than 1 mol.) to 972-nitro- 
o-toluidine suspended in water, a bromonitro-ortho-toluidino, C‘‘H^NH*)Br(NO*), is 
obtained, which, when purified by recrystallisation from alcohol, melts at 180-3°- 
181*3° (corr.) To determine the constitution of this bromonitrotoluidine, Nevile a. 
Winther further prepalod the isomeric compound (m. p. 139°) which Wroblewsky 
obtained by nitrating ^?^-brom-o-acetoluide, and taking out the acetyl-group ; they 
also prepared bromonitroparatoluidine in two ways, vfz., (a) by first nitrating and 
then broniinating, and (fS) by first brominating amf' then nitrating. The four pro- 
ducts thus obtained were treated with nitrous gas and alcohol to remove the amido- 
group, and the resulting bropionitrotoluene was reduced with tin and hydrochloric 
acid. The bromotoluidino thus produced -was also converted into an aceto-compouud 
by boiling with glacial acetic acid for seven or eight hours. 

The results are given in the following table: — 


Nitrobromotoluidino . 

Prom o-toluidine 
by first nitrating 
and then 
brominating 

From o-toluidine 
by first brom- 
inating and 
then nitrating 

1 

Fromp-toluidine 
by first nitrating 
and then 
brominating 

Fromp-toluidlne 
by first brom- 
inating and. 
then nitrating 

m. p. 

l80-3°-181-3° 

m. p. 
143-0° 

m. p. 

m.p. 

unpurified, 

63° 

Ni trobromotoluene 

81-4°-81-8° 

81*4°-81-8° 

81-4°-ai-8° 

81°-81-5° 

Bromotoluidino . 

35-6°-36° 

3t-6“-37‘’ 

36-6° 

36.°--35*2° 

Acoto-compound of the 
bromotoluidino. 

leT’-ies® 

i 

167°-168P 

167°-168° 

168° 


Hence it appears that the bromonitrotoluenes obtained by the four methods above 
described are identical. The bromotoluidines obtained from them differ slightly in 
melting point, but not sufficiently to indicate any difference in constitution between 
the several products. Now it has been shown above that bromine when introduced 
into orthotoluidine takes up the meta-poaition relatively to the methyl<^roup, and it is 
known that the NO^-group also takes up the 7n-position relatively to UH* in both o- 
and ^-toluidine. Hence the bromonitrotoluene obtained as above must have the syip- 
metrical constitution 1:3:6, and it may also be seen that bromine when introduced 
into paratoluidine takes up the meta-position with regard to CH*. 

It follows therefore that of the first two bromonitrotoluidines, one must have the 
constitution CH» : NH* : Br : NO- « 1 : 2 : 3 : 6, and the other CH» : NH* : NO* : Br 
1 : 2 : 3 : 5. Further, on decomposing the diazoperbromide of wi-bromo-m-nitro-e- 
toluidine by heating it with glacial acetic acid, a dibromonitrotoluono was obtained 
melting at 105*4° ; and on reducii\g this with iron and acetic acid, and distilling the 
separated base with steam, a dibromotoluidine was formed which melted at 86*4°, and 
when heated with nitrous gas and alcohol to remove the amido-group, yielded a 
dibromotoluene which after .distillation with steam melted at 27*4°-27‘8°, and was 
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converted by strong nitric acid into anitro-compound melting at 61®“62®. The same 
dibromotoluone was obtained from the above-mentioned aceto-w-bromo-w-toluide 
melting at 167®-168°. This compound, treated with a molecular proportion of 
bromine in aqueous solution, heat being applied towards the end to complete the 
absorption, yielded a dibromacotoluide melting at 204°-205°. On heating this last 
body with a mixture of hydrogen sulphate and water in equal volumes, then diluting 
the liquid with water, and cooling, the sulphate of a dibromotoluidine crystallised out, 
and this salt decomposed with sodium carbonate, yielded a dibromotoluidine melting, 
after recrystallisation from alcohol, at 83®--85®. Lastly, on decomposing this base 
with nitrous gas and alcohol, and listilling with steam, a dibromotoluene was 
obtained which molted at 27'4°-28'^, and yielded a nitro-compound melting at 66 5°- 
57*5°, so that it may be regarded as identical with the dibromotoluene last described. 

To decide the question us to which of the two dibromotoluenes obtained as above 
has the composition 1:2; 6, and which is 1:2:3, they were converted into 
dibromobenzoic acids by boating thorn with dilute nitric acid (1 vol. acid of sp. gr. 
r3G to throe of water) for about three days. In this way the fluid dibromotoluoiio 
prepared from ortho- aild from meta-toluidine was converted into a dibromobenzoic 
acid molting at 149°-163°, and yielding on distillation with lime paradibromobenzene 
melting at 85°-86° (m. p. of pure |?-dibromohonzeno 89°). 

Hence this dibromotoluene has its two bromine atoms in the para-position with » 
regard to each other, and is therefore the 1:2: 6 modification, C^.CH^.lir.H.H.Br.H, 
and consequently the other o-wwnodification molting at 27‘4°-27'8°, prepared from 
a?i-nitro-(7-toluidino, has the constitution 1 : 2 : 8 or C®.CH.Br.Br.H*. 

Symmetrical or lOrm-DihromotoluenCy (5H® : Br .* Br= 1 : 3 : 5. 
Wroblewsky obtained this utodifleation only from dibromorthotoluidine ; Nevilo a. 
Winthor have obtained it allbo from dibromoparatoluidino. Orthotoluidine in alcoholic, 
or in acid aqueous solution treated with a slight excess of bromine, yields (after pre- 
cipitation with water in the former ca..o, and after distillation with steam) a white 
crystalline dibromotoluidine melting at 43°-45°, while, paratoluidine similarly treated 
yields a dibromo-derivative melting at 73°. When these dibromotoluidines were 
treated with an alcoholic solution of nitrous acid, the first gave after distillation with 
steam a dibromotoluene melting at 39°; the second a product which generally melted 
a little higher, but was easily separated by rccrystallis.al.ion into two substances, one 
of which molted at 39°, and was to all appearance identical with the dibromotoluene 
just described, while the other, obtained only in very small quantity, appeared to be 
a bye-product of the action of the nitrous gas, perhaps an amidazo-com pound. The 
dibromotoluene molting at 39^ gave on treatment with fuming nitric acid, a nitro- 
compound which at first molted at 120°-'125°, but separated on repeated crystallisation 
into two dibromodinitrotolueiies, one molting at 157'6°-158’3°, the other at 105° ; and 
the same dibromotoluene when oxidised with a mixture of chromic and acetic acids was 
converted into symmetrical dibromobenzoic acid, [CO-H : Br : Br= 1 *,3:5], molting 
between 207° and 210° (p. 261) : hence this dibromotoluene must also he symmetric- 
.illy constituted, th§t is, must be represented by the formula C*.CH*.H.Br.II.Br.H. 

(4). Meta-para-dihromotoluene [1:3: 4] is prepared by the diazo-per- 
bromide reaction from monohromoparatoluidino.^ It is liquid at ordinary temperatures, 
as observed by Wroblewsky, gives a crystalline nitro-dorivative molting at 86 '6 -87 '6 , 
and convertible by reduction with iron and acetic acid into an amido^erivative melt- 
ing at 96'8°-98°. By oxidation with chromic and acetic acid, this dibromotoluene is 
converted into a dibromobenzoic acid melting at 232°-233°, agreeing therefore very 
nearly wdth the [1:3:4] dibromobenzoic acid described by Burghardt, which melted 
at 227°-230° (p. 361) : hence the constitution of the dibromotoluene is established. 

(5 and 6). Ortho-para- and ' Ortho-ortho-dibromotoluenes^ 1:2:4 and 
1:2: 6. — ^When the aceto-compound of ir etatoluidine is treated with 2 mol. bromiiie, 
the first molecule is readily absorbed, forming a moiiobromaceto-compound, but the 
second is abso»’bed much more slowly, giving at last a dibromweto-compound which, 
on the removal of the acetyl-group with alcoholic potash, gives a mixture of two 
dibromotoluidines, together with a small quantity of tribromotoluidine. The di- and 
tribromo-compounds may be separated from monobromotoluidine formed at the same 
time by distillation from dilute acid, which retains the latter, and then extracted with 
hot strong hydrochloric acid, the liquid on cooling depositing crystals consisting of a 
mixture of di- and tribromotoluidine. Hie portion which had remained undissolyed 
in the hydrochloric acid was repeatedly distilled with steam, the last portions being 
rejected and the distillate thus purifi^ was recrystallised from a^ohol, whereby a 
portion (the largest by far) was obtained, melting, at 74*6°-75'3 . This appeared to 
consist of a single dibromotoluidine, and the mother-liquors wntained another di- 
bromotoluidine melting at a lower tempemture, viz, 33°-36°. Now, according to the 
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theory alieiidy explained respecting the orientation of Br with respect to the 
group, motatoluidine should yield two different dibromo-derivatiTes, viz. : 

CH».Br.Nfl*.Br and CH».Br.NH^Br 
1236 1264 

and these, on removal of the amido-group, should yield the two dibromotoluenes 
1:2:6 and 1:2:4. The dibromotolucne obtained from the first (m. p. 74*6°- 
7d'3°) is an oil which remains liquid at —20*^, and gives on nitration at ordinary 
temperatures a mixture of nitro-compounds separable by crystallisation from alcohol 
into a mononitrodibromotoluene which crystallises in white needles melting at 80°- 
80*6®, and a mixture of di- and trinitrodibrornotoluenes melting at 128°-129'’. The 
same dibromotohione, treated with dilute nitric acid, yields a dibromobcnzoic acid 
melting at 167°-169°. The dibromotolueue obtained from the dibromotoluidino melt- 
ing at 33®-36® is also an oil which does not solidify at — 20'^, and gives on nitration a 
mixture separable b}' reerystallisation from alcohol into a compound melting at 159'’- 
161°, and only moderately soluble in alcohol, from which it crystallises in long slender 
needles ; also another in small quantity, melting below 80°. This dibromotohione, 
heated with nitric acid, yielded a dibroniobenzoic acid melting at loO°-167°. 

The behaviour of these two dibromotoluenes with fuming nitric acid shows that 
they are different from any of the four above described, and therefore that their con- 
stitutions must be 1 : 2 : 4 and 1:2:6 respectively. To decide which of the tw'o 
must be represented by the former ^ind which by the latter, they were prepared in 
other ways. t 

To obtain the 1 : 2 : 4 modification, ordinary dinitrotoluene (m. p. 70°). which is 
known to have this constitution, was converted by reduction with alcoholic ammonium 
sulphide into orthonitroparatoluidinc (m. p. 77®-78°,^ ; this by the diazoperbromido 
reaction into o-nitro-/)-bromotoluene (large monoclinic tables melting at 44-4°-45*2°), 
which on reduction gave ^-brom-o-toluidinc,*C'*.CH®.NH'‘'.II.Br.H.H, and this Imso 
was converted by the diazoperbfomide reaction into 1:2:4 dibromotolucne, which was . 
thus obtained is an oil noUsolidifying at —20®, convertible by fuming nitric acid into 
a mononitro-derivative melting at 80*5°-’81-3° and by oxidation with dilute nitric 
acid into a dibromobcnzoic acid melting at 168°-170'’. These results show that the 
dibromotoluene obtained from the dibromomctatoluidine which molts at 78°-84° 
(supra) has also the constitution 1:2:4. Hence it follows that the dibromo- 
toluene prepared from the dibromotoluidine melting at 33®-36° must have the con- 
stitution 1 : 2 : C ; and this conclusion has been confirmed by a special mode of 
preparing this last modification for which reference must bo made to Nevile a. 
Winther’s paper (p. 444). 

(1 — 1). Bihromotolucnc, qx Bromomcthyl-bromohemenc, C®H‘Bp.CH’‘Br, 
syn. with Bromobenzyl Bromide (see p. 314). 

. (3-0). TrIbromotolueneSf C"H-Br®.CH® (Nevile a. Winthcr, Chem, Soc. J, 
xxxvii. 446). (1). C“.CH®.Br.Br.H.Br.H, prepared from the diazoperbromido of di- 
bromorthotoluidine, crystallises in long flat colourless needles melting at 52°-53°. 
By dissolution in nitric acid of sp. gr. 1*62, and precipitation with water, it is con- 
verted into a nitro-derivative which, after] crystallisation from alcohol, molts at 
96°-170°. 

(2) . C*.CH=*.H.Br.Br.Br.H, prepfired from the diazoperbromido of dibromopara- 

toluidine, melts at 88°-89®. * 

(3) . C*.CH*.H.Br.Br.H.Br is prepared from the diaz(;perbromide of the dibromo- 
metatoluidine melting at 74°-7fi*5°, which has already been shown to have the 
constitution C®.CH*.H.NH2 Br.H.Br (supra). It crystallises from alcohol in long 
/•olourless shining needles melting at 111*2°-112’8°. 

(4) . C'*.CH®.Bp.Br.Bp.H.H was prepared ‘by converting wi-bromo-w-nitro-p-toluidine 
into the diazoperbromide ; this into m-bromo*we-nitro- 2 >-bromotoluene, 

C®.CH».H,Br.Br.NO*.H 

(colourless laminse melting at 62°-63’6°) ; reducing this latter with iron and acetio 
acid, whereby a dibromotoluidine was obtained, which crystallised from alcohol in long 
colourless needles or flat prisms melting at 58°-69° ; converting this amido-com pound 
into the corresponding aceto-derivative (m. p. 162°-1 63°) by boiling it for twenty- 
four hours with the strongest glacial acetic acid ; suspending this aceto-compound in 
water, and treating it with bromine, whereby a tribromacetoluide was obtained, crys- 
tallising from alcohol in white needles melting at 171^-173°; decomposing this 
compound with alcoholic potash ; and tre^iting the resulting tribromotoluidino (m. p. 
96°-96*8°) with nitrous acid and alcohol. In this manner a tribromotolueno was 
finally obtained, melting at 44‘4°-44*7^* By treating it with nitric acid of sp. gr. 
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1*52 and precipitating with water, a uitro*compound was formed, which, after frequent 
recrystallisation, melted at about 1()6°-107°. This result sufficiently distinguishes 
the tribromotolueno under consideration from the first-described modification (m. p. 
62°-53°), which. gives a nitro-com pound melting at 95°-170®. 

(5) . C'’‘.CH*.Br.Br.H.lI.Bi’. This modification was obtained by Wroblcwsky from 
bromo-nitro'orthotoluidine melting at 143® — which has already been shown to have 
the constitution C*.GH*.NII.'‘'.N02.1l.Br.lI (p. 1988) — by converting it, through tift 
diazoperbromide reaction, into a dibromonitrotolucne melting at 69*5°-70*2® ; and 
proceeding, as in the last case, by the successive employment of tin and hydrochloric 
acid, glacial acetic acid, bromine, and boiling alcoholic potash, whereby ultimately a 
tribromotoluidino is obtained which melts at 93®-94°, and, when treated with nitrous 
gas and alcohol, yields a tribromotolueno crystallising in flat needles which melt at 
68°-59®. Now the mode of formation of this tribromotoluene shows that it must be 
represented by one of the two formulae : 

C«.GH*Br.H.Br.BrJr G«.GH®.Br.H.H.Br.Br. 

But the former of tliese belongs to the modification (m. p. 111-2'^) obtained from di- 
hromometatoluidinc perbromide: hence the modification under consideration must be 
represented by tlie latter formula. This tribromotoluene is converted by nitric acid 
of sp. gr. 1*52 into a nitro-compouiid melting, after r^ crystallisation, at 91®-91*4®. 

(6) . G“.CII*.Br.ir.Br.lI.Br. This modification v. as prepared in like manner from 

fhe tribromometatoluidino which melts at 100®-101‘C®. Now this tribromotoluidine 
can be obtained by broniination of dibromo^^etatoluidiiie, C®.GH*.Br.Il.Br.NIP.lI 
(p. 1990), and must therefora be represented ci^ier by the formula 

G^GtP.Br.Br.Br.NH'Ml or by C«.(;iP.Br.Il.Jlr.NlP.Br. It cannot, however, be 
represented by the first (•! ‘hose formulae, since, when decomposed by alcoliol and 
nitrous gas, it give.s a tnbrom('^''.'ucne which melts at 66®, whereas it has been already 
shown (p. 1990) that the tribromotohone derived from this base melts at 44’4°. 
The dibromotoliiidino in question must therefore be represented by the second 
of the above formulae, and the tribromobdueno d^i^ved from it bv the formula 
C«.GH*.Bp.H.Br.JI.Br. 

(4 — 0). Tetratoromotoluenea, G''HBr*.GIl’. Of these there are three possible 
modifications ; 

(1) . G^.CIP.Br.Br.Br.H.Br is prepared from totrabroniomctatoluidino (which is 
obtained by the action of bromine-water on a solution of w-bromo-wi-toliiidine, m. j). 
3;V-''-37'’, in hydrochloric acid, and crj’st'illises in white needles melting at 223® -224°) 
by boiling w’itli alcohol and nitrous gas ; also from tribromomehitoluidine perbromide. 
The product obtained by the first process melts at 105®-! 08®, that by the second at 
1()6*8®-108®. By nitration with nitric acid of sp. gr. 1'52, it yields a nitro-cumpound 
molting at 215®-216®. 

(2) . G*.OH’‘.Br.Br.H.Br.Br is obtained by the diazoperbromide reaction from tri- 
bromoinetatoluidino, G^CH^.Br.Br.lI.NH^.Br (m. p. 93''-94®) described above. It 
melts at 116®-117®, and yields a nitro-compound melting, after rccrystallisation 
from alcohol, at 2f3®. 

(3) . G*.GlJMI.Br,Br.Br.Br is obtained from tribromometatoluidino, 

G».GH’,H.NIP.Br.Br.Br 

(m. p. 96°-96*8°), described on p, 1990. It molts at 111®-111'5°, and gives a nitro- 
compound melting at 212®. , 

(5 — 0). Pentabromotoluene, G%^CH’, is obtained from the diazoperbromide 
of tetrabromotoluidine (m. p. 223®-224®), and purified by crystallisation from acetic 
acid or alcohol, neither of which dissolves it freely ; it crystallises in white needles 
melting at 283°“285® (Nevilo a. Winther). It is also produced by ‘adding toluene to 
an excess of bromine mixed with aluminium bromide in a cooled vessel (Gustavson, 
Bcr. X. 971). 

The table, on p. 1992 exhibits a comparative view of the constitution and distin- 
guishing properties of the several bromoUyluenos. 

Chlorotoluenes. (1 — 0). Monochloroioluene.% G®H^Gl.CH*. — The 
;>ura-modification, already described (v. 863), may be prepared from solid nitrotolueno 
by reducing that compound with tin and hydrochloric acid, drenching the hydro- 
chloride of the resulting amidotolucne with fuming liydrochloric acid, passing nitrous 
gas into the pasty mass till it assumes a yellow-brown colour and the ciystals are 
completely dissolved, and boiling the liquid in a vessel provided with a condensing 
tube. Nitrogen is then given offi and the acid and aqueous vapours which distil over 
are accompanied by an oil cont^iiniug the mouoclilorotoluene, together with crcsol, 
iiitrocresol, and nitrotoluene. To obtain the chlorotoluene pure, the entire product is 
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treated with tin and hydrocliloric acid, then distilled with water, shaken with soda- 
ley, and again distilled with water. The chlorotolueno thus obtained boils at lijO’6®, 
and solidifies on cooling to about 0° to a colourless laminar mass which melts at 6-5® 
(Hiibnor a. Majert, Ber. vi. 704). 

Parachlorotolucnc is also formed by passing chlorine into a mixture of anhydrous 
toluene and molybdenum pcntjichlorido heated on the water-bath. The action goi*» 
on regularly, and soon after 1 cquiv. of chlorine has been taken up, the product is 
found to consist almost wholly of perachlorotoluene boiling at 168®-161°, and having 
a density of r073ft at 27*2® (? 17'2°). Orthochlorotoluene (b. p. 156®) obtained by 
Ori ess’s reaction from chlorinated rthotoluidino has been already described (vi. 
281). Metachlorotoluene^ prepared in like manner from motachloroparatoluidino, 
C‘‘.CH®.H.CI.N1I2.II.H, is a liquid which boils at 156®, and is converted by oxidation 
into mctachlorobcnzoic acid (Wroblewsky, Liebig's Annalcn^ clxviii. 199). 

(0—1) C'hlor 0 toluene j Chloromethylhenzenet or Benzyl Chloride^ 
C*JP.Cir‘Cl. — The preparation of this compound by the action of chlorine on heated 
toluene, and by that of hydrochloric acid on benzyl alcohol, has already been described ; 
also several of its rotictions (see v. 854 ; vii. 179 ; viii. 314). On the products 
obtained by hojiting it with finely divided zinc and hydrocarbons of the benzene 
series, see vii. 183; viii. 315. 

The action of benzyl clilorido on nitrite oC silver or potassium does not yield any «- 
aromatic nitro-coinpound, the product consisting of high-boilingnon-nitrogeiious bodies 
amongst which are found anthracene, benzoic acid, and benzaldohyde (H. Brunner, 
Ber. ix. 1744). ♦ ^ 

(2 — 0) Dichlorotoluene^ C®H*Cl'.CII*, is formed by the continued action of 
chlorine on toluene mixe'4 with molybdic chloride. When purified by continued 
friictionation, it has a density *'f l-2o96 at 18‘4®, and 1*2518 at 16®; boils at 196°- 
198®. The product thus obtained is, however, a mixture of two isonieric bodies, 
inasmuch as whe-n oxidised by chromic acid mixture it yields two dicblorobcnzoic 
acids (Arouheim a. Dietrich, Ber. viii. 1401). ^ 

(0—2) Dickhrotolitenct BkhloromcthyUbenzcnefOv Bcnzylcne Bichloride 
(see p. 320). 

IWichlorotolueneSt C’lDCl*. See vi. 281-2. Aronhoim a. Dietrich (Ber. viii. 
1401), by the action of chlorine on a mixture of toluene and molybdic chloride, have 
obtained, besides the solid (3 — 0) trichlorotolueno melting at about 75® (vi. 282), a 
liquid modification boiling at 237®. According to It. Schultz, however (Liebig's 
Annakn^ clxxxvii. 274), this liquid trichlorotolueno is not a pure subsbmce, bnt 
probably a mixture of tri- with di- and tetrachlorotoluenes, as, when treated with 
nitric acid, it yields a nitro-compound identical with that which is obtained from tlic 
solid modification, and on treating it with fuming sulphuric acid, the greater part of 
the solid modification separates out. 

(0—1) Cyanotolnene, or Benzyl Cyanide, C®IP.CH*(CN). This compound, 
treated with zinc j^nd hydrochloric acid, is converted into amidobenzylmethane,* 
Cfl*(C'II')NH*, a base metameric with phcnylothylamino or ethylanilino : 

C«II®.CmON + 2H2 = C®IP.CIP.C1P.NH'^. 

This base forms small laminas having a characteristic odour. It volatilises with steam, 
dissolves sparingly in water, easily in ether, and absorbs carbonic acid from the air. 
Its hydrochloride forms lancet- shaped crystals (Boruthsen, Ber. viii. 691). 

When benzyl cyanide dissolved in ammoniacal alcoliol is treated witli hydrogen 
sulphide^ two compounds are produced, one of which crystallises in needles an inch 
long, which turn brown at 160®, and melt at 197®-198®, while the^other forms prisms 
molting at 97®, and resolved at a higher temperature into benzyl cyanide and hydrogen 
sulphide. This latter compound dissolv^t's spjiringly in w’ater, freely in alcohol and 
ether. Its aqueous solution added to metallic salts quickly throws down metallic 
sulphides, and when treated with potash is resolved into potassium sulphide and 
benzyl cyanide. Benzyl cyanide heated with wafer at 250® is converted into a-tolu- 
• aniido or phenylacctamide, C®H®.CH*.CO.Nir*, molting at 154*5® (Bornthsen, 
loo. cU.) This amide is also formed by treating benzyl cyanide with ammonium 
acetate, according to the equation ; 

C«H®.CH*.CN + C2H®O.ONH< « C«H\CH*.OO.NH* + 

(Bernthsen, B(r. ix. 429) ; and, according to Woddige, by heating benzyl cyanide 
with an alcoholic solutiom’of potassium hydrosulphide (p. 314). 

* In Bomthscn’fi paper this base Is calle«l phenyletliylamine ; but this name IkjIouks properly to 
Hofmann's ethylanilino, C*H*.Nn(0*H*), which is an imido-base or secondary amine, whereas amido- 
bcnzyl-mothano is on amido-baso or piimory amino. 
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Xodotolnene* The oztho-modification is Teiy easily prepared 

from orthotoluidine by the action of nitrous gas and alcohol. It is liquid at ordinary 
temperatures, boils at 205*5^ (at 211° if the entire mercury-column is in the vapour), 
and is oxidised by nitric acid to orthiodobeuzoic acid, melting at 166°-167°. By 
treatment with ethyl chlorocarbonate and sodium-amalgam (Wurtz’s method, Conv][)i, 
rend. Ixviii. 1298), it is converted into ethylic orthotoliiate: 

+ Na» - Kal + KaCl + 

(KckuU, Bcr. vii. 1007). 

Xfltrotoluenee* (1 — 0) Mononitrotoluenes, C*H*(NO“).CH*. — E. J. 
Mills {Phil. Mag. [4], 1. 17) prepares the pam-modification by dropping toluene into 
red fuming nitric acid of sp. gr. 1*48, and distilling the product with water. The 
mixture of liquid and solid nitrotoluene which then passes over after the unaltered 
toluene is cooled for half an hour to — 17°, and the liquid portion pipetted off. The 
solid ^-nitrotoluene thus produced could not be obtained of quite constant melting 
point, either by sublimation, or by repeated crystallisation from alcohol, or by treiit- 
inont with fuming sulphuric acid, or by ]')artial solution in dilute alcohol. When 
twice crystallised from naphtha and then from alcohol, it melted at 61*31° (Mills). 
By oxidation with it is converted into methylnitroquinonc 

* (Etard, Compt. rend. Ixxxvii. 989). 

Orthonitrotoluene given to dogs exerts a poisonous action, which, however, if the 
dose is small, soon passes off ; by reprtition (he animals get accustomed to it. Part 
of the nitro-toluene appoiirs in the urine as orthonitrobonzoic acid (nitrohippuric acid 
is not formed) ; but the chief product of the transformation is a compound, 
+ 2.111-0, which crystallises in colourless silty needles; dissolves very 
«*asily in water, sparingly in cold alcohol, more rcadily*iu hot alcohol, but is insoluble 
in ether. It melts at 148°-149°; has an acid, reaction ; shows strong Imvorobitory 
power ; reduces an alkaline cupric solution, also bismuth-solution and silver-.solution ; 
does not ferment with yeast. It is a compound of urea with uronitroiduenk acid, 
(Jaff6, Russ. Zdtschr. Pharm. 1878, 513). 

(2 — 0) Binitrotoluene, C*lP(NO**)*.CH*. — The imsy mmetrical modification of 
this compound, CH* I NO* : NO* = 1 : 2 : 4, is obtained by further nitration either of 
ortho- or of para-nitrotoluenc, and is converted by reduction into metadi phcnylone- 
diamine (Baoyer, Bar. vii. 1638). Mills {Phil. Mag. [4], 1. 17), by treating toluene 
with a mixture of nitric and sulphuric acids, obtained a di nitrotoluene which aftesr 
two crystallisations from light petroleum and from alcohol, melted at 69 '23°. Liquid 
rnunouitrotoluene treated at ordinary temperatures with fuming nitric acid yielded a 
dinitrotoluene, which after purification melted at 69*17°, but after it had been kept for 
nineteen months the melting point rose to 69*6°. Solid nitrotoluene treated in small 
quantities with red fuming nitric acid yielded a dinitro-compound molting at 69*17° ; 
when larger quantities were used, the product melted at 69*57°, Dinitrotoluene 
treated with sodium,^ amalgam yields a black uncrystallisablo mass j(Michler, Liebigs 
Antialen, clsxv. 150). 

(3 — 0) Trinitrotoluene, C"Il*(NO*)*.CIl*, is obtained by nitrating toluene with 
fuming nitric acid and treating the product with a mixture of nitric and fuming 
sulphuric acid. After recrystallisation from light petroleum and alcohol, it melted at 
78*85°. It is not altered by boiling for thirty-six hours with red fuming nitric acid. 
Liquid nitrotoluene heated with nitric and fuming sulpfnuric acids yielded a trinitro- 
toluene which melted at 78*88°. The trinitrotoluene obtained in like manner from 
solid nitrotoluene did not exhibit a comsttint melting point till it had been submitted 
to a repetition of the treatment. It thou melted at 80*64°. 

XTltroliromotolueneSp C*IP(N@*)Br.ClP. Parabromotoluene yields by nitra- 
tion two solid mononitro-dcrivatives, one melting at 46°, the other at 84°. The 
former yields by reduction a bromotoluidine, C®liVNH*)Br.CH*, convertible by the 
action of sodium-amalgam and water into orthotoluiaine : hence it is an* ortho-para- 
compound, CH* ; NO* ; Br=l ; 2 : 4.* Consequently the modification melting at 
34° must be the meta-para-compound 1:3:4, and this conclusion is confirmed by its 
formation from metanitroparatoluidino, CH* : NO* : NH®=:1 : 3 : 4, by converting 
this base into the diazoperbromide and decomposing the latter with alcohol. It crys- 
tallises from alcohol in slender yellow needles (Wroblewsky a. Kurbatow, Zcitschr. /. 
Cham. 1870, 165; Beilstein a. Kuhlberg, Liebig's Annalen, clviii. 336; Wroblewsky, 
Per. viii. 573). « 

An wthoniiro^metabromotoluene, 1 : 2 : 3 or 1 : 2 : 5, is formed on agitating meta- 
bromotoluene for a considerable time with moderately strong nitric acid, and separates 
* Compare vii. 1167, where this nitrobromotolueuc is described as the m-p-modifleation. 
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on addition of orator as a palo yellow oil solidifying at —17° to a crystalline pulp 
which may be freed from adhering liquid by pressure between paper. When puriiiod 
by repeated crystallisation from alcohol, it forms hard, brittle, very large, well-defined 
rhombic crystals, prismatic or flattened according to the strength of the solution from 
which they have separated. Both the crystallisation and the dissolution of the crys- 
tals in alcohol are accompanied by strong decrepitation. By reduction with tin and 
hydrochloric acid, this nitrobromotoluene is converted into a metabromorthotoluidincii 

The liquid portion of the product is not a distinct modification, as supposed by 
Wroblewsky {Zcitschr. /. Chem. 1870, 240), but a mixture of the compound just 
described with unaltertnl metabromgtolucne or a dinitrobromotolueno (E. A. Grete, 
Per. viii. 605). 

The symmetrical or w-?w-modification, 1:3: 6, prepared by elimination of the 
amido-group from nitrobrom<»paratoluidino, C*.CIl“.H.Br.NIP.NO’*.H, crystallises 
from alcohol in shining white prisms, molts at 86°, and boils at 269°-270° (Wroblewsky, 
Ber. viii. 673). 

'xTltrooblorotoluenes. Two nitroparachlorotolmies, C®H®(NO^)Cl.CH®, one 
melting at 8°-9°, the other at 34°-36°, are obtained by direct nitration of ^-chloro- 
toluenc (Kngelbrecht, Ber. vii. 797). 

(1 — 1) Orfhonilrochtorotoluene^ or Orthonitrobensyl Chloride^ 
C''Il'(NO‘*).CIPCl [NO* : CIPGl - 1 : 2], is formed by the action of chlorine on 
orthonitrotoluene at 160°-200°, .as a viscid oil which lias an agreeably aromatic odour, 
exerts a burning tiction on sensitire parts of the skin, and solidifies after a while to a 
network of slender needles. With silver nitrate it forms orthonitrobenzyl acetate, 
C“]I^(N02).CIP(0C2}P0) (WachendorflF, Ber. viii. 1 101). * 

A nitrobcnzyl chloride is also formed by dropping benzyl chloride into fuming 
nitri<! acid cooled to —16°, b.'i(^may be purified by washing and rccrystallisation from 
iilcoliol. By digestion with aquoous ammonia at 100° it is easily converted into 
secondary nitrobrtizylaminc, (C®H‘NO-.CH'^)*NIl, and tertiarv nitrobenzylamine, 
(C«IPN()2 CH'O^N (p. 317). 

I^itTochlorotolHenCj or Nitt obencylcne Diehloride, 
C«H*(N0*).CHCP, is formed by the action of fuming nitric acid on benzylene dichloride 
cooled with water, together with large quantities of benzoic acid and bcnzaldehydo, 
which may be removed by treating the product with aqueous sodium carbonate and 
acid so<lium sulphite. The nitrobcnzylcno dichloride which tlicn remains is converted 
by oxidation into paranitrobenzoic acid (Hiibnor a. Bento, Ber, vi. 803. See p. 320). 

yitrotriehlorotolucney C®II(NO’‘')CP.CTP, is prepared by dropping nitric acid 
of sp. gr. 1*62 on gently warmed pulverised trichlorotolueno till the whole is dissolved, 
and precipitating with water. When purified by crystallisation from alcohol or 
benzene it forms long white needles melting at 88’5°. 100 pts. alcohol at 20° di.ssolvo 
4-9 pts. of it. By tin and hydrochloric acid it is converted into a trichlorotoluidino 
which melts at 91° (B. Schultz, Liebig's Annalen, clxxxvii. 271). 

Dinitrochlorotolnene, C*(NO^)*CP.CH®, prepared by treating triijlilorotolucne 
with a mixture of 2 pts. nitric acid (sp.gr. 1-62) and 1 pt. strong sulphuric acid, 
crystallises from a large quantity of hot alcohol in small yellow needles, easily soluble 
in benzene, melting at 226° (Schultz). 

Dinitro-p-iodotoluenc, C*H-(NO-)-I.CII*, is formed, together with other com- 
pounds, by nitration of para-iodotolueno, and separates in colourless crystals melting 
at 138° (Glassnor, Ber. viii. 661). 


Amidotoluknes, C’lPN = C’H'NII*. ^ 

I. (1-0) Amldotoluenes ToluldtneB, TolylamlneB, 

C«H^(NH*).CH*. 

PAIIATGLUIDINE. OrdinartToluidin e.— To Separate this base from ortho- 
op psoudotoluidine, B. Bindschedler {Ber. vi. 1361) dissolves 2500 g. oxalic acid in 
25 litres of boiling water, then slowly pours into the solution 10 kg. commercial 
toluidine, heats the liquid once more to the boiling point, leaves it to cool to 60® with 
continual stirring, and filters quickly from the crystalline precipitate which forms. 
This precipitate pressed, washed with water, decomposed with caustic soda, and dis- 
tilled, yields crystalline paratoluidino. The cooled filtrate is mixed, with stirring, 
with 2 kg. oxalic acid, whereby a further cjg^stalline precipitate is obtained, consisting 
of the oxalates of ortho- and para-toluidine, which is set aside for a subsequent pre- 
paration of the latter. When the filtered liquid no longer gives a precipitate on 
agitation with a strong solution of oxalic acid, it is distilled with soda-ley, and the 
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oily distillate is dried and rectified. The product thus obtained consists of technically 
pure or^Aotoluidine. 

A similar process, founded on the sparing solubility of the acid oxalate of yi-toluidine 
in ether freo from alcohol, may be applied to the volumetric estimation of the two 
bases when mixed. On adding oxalic acid to the ethereal solution of the bases, the 
acid oxalate of p-toluidine is first formed, while the o-toluidine remains free till the 
j9-toluidine is completely saturated. Any excess of oxalic acid that may bo added is 
easily estimated by mixing the liquid with titrated toluidine. Any o-toluidine oxalate 
that may be formed at the same time is thus decomposed, with formation of acid 
oxalate of ^;-toluidino and free o-toluidino (Rosenstiehl, B^dl. Soc. Chim. [2 |, xvii. 4). 
Lorenz {Ber, vii. 448) observes that the end of the reaction (i,e. the complete precipi- 
mtion of the para-compound in the ethereal solution) is not easy to recognise. Ho 
therefore introduces into the ethereal solution a slip of litmus-paper, which, since 
oxalate of orthotoluidine acts upon litmus-paper, turns red on addition of any excess 
of oxalic acid beyond that which is required to precipitate the whole of the jp-toluidine. 
Still greater exactness may be obUiin^ by adding at once an excess of oxalic acid, 
filtering from tlio separated j9-toluidino oxalate, washing with ether, evaporating, dis- 
solving the residue in a small quantity of water, and titrating the excess of oxalic acid 
with a dccinormal solution of soda. The dilferonce between the quantity of oxalic 
« acid thus found and the amount employed gives the quantity of oxalic acid which has 
combined with the paratoluidine. 

Reactions of Paratoluidine. 1. Ox^JMion. — Paratoluidine trefited with jmtassiuni 
^permanganate is oxidiso(^to azotoluene or ditolyldiazin, together with 

a red substance of the same composition, which when treated with ammonia and 
hydrogen sulphide is converted into symmetrical* ditolyl- hydrazine or 
hydrazotoluene, (Barsilowsky, i^cr. viii. §95). See also Hoogewerff a. 

van Dorp {Ber. x. 1936 ; xi. 1202). 

2. Reaction u'ith Iodine Chloride, — This* compound, added to a solution of 
p-toluidiue in hydrochloric acidt converts it into diiodo-^-toluidinc (Michael a. Norton, , 
Her, xi, 107). 

3. With Mercuric Chloride, — When an alcholic solution of p-toluidine is poured 
upon an alcoholic solution of mercuric chloride so as to form a layer above it, the 
compound HgCP.N(C^ll^NH*)*Hg[NH*(CHr)Cl]* is gradually formed (0. Klein, 
Btr. xi. 743). 

4. Vi \t\iMo7wchlor acetic acid. — Paratoluidine (2 mol.) heated with 1 mol. chloracetic 
acid yields tolyl-glycocine, C^H^NH.CH*. CO^H, and with ethyl chloracetate 
the corresponding ether. Chloracetamide and toluidine heated together in molecular 
proportion till they fuse yield tolyl-glycollamidc, C’H^N1I.CH*.C0NH*, and in 
like manner tolyl-glycollanilide and tolyl-glycolltoluide may bo produced (P. F. Moyer, 
Ber. viii. 1158). See G ltcollamides (p. 882). When a solution of toluidine in 
absolute alcohol is heated with chloracetic and thiocyanic acids, a brisk reaction takes 
place, and crystils separate, which when purified by recrystallisation from alcohol and 
boiling with ether, have the composition C*®H’*N*SO*, and molt at F76°-182°. Their 
formation is represented by the equation ; 

C^H^NH* + eSNH + OH*C1.CO*H - HCl + C">H»«N*SO* 

(Nencki, J.pr. Chem. [2], xvi. 1). 

6. With Chloral. — Toluidine dissolves with rise of temperature in chloral, pro- 
ducing trichlorethylidene-ditolylamine, CCi*.OH[NH(C*£D.CII*)]*(Wallach, vii. 1179). 

6. With Ethylene Oxide. — ^The two substances, heated together in molecular pro- 
portion at 100° in a closed flask, unite and form oxethylonctoluidine, C®H'®NO 
(Dcmole, Ber. vii. 635). 

7. With Binitrochlorohenzeiie, toluidine forms chloronitrophenyl-n-tolyl- 
a'mine, C«H»Cl(NO*).NH(C«H^CH>). ♦ 

8. Paratoluidine unites with picramide, forming the compound 
C'H*N,C®(NO*)*H*.NH*, which crystallises in shining black nc^os having a greenish 
reflex (Mertens, Ber,, xi. 843). 

9. Paratoluidine unites with paraphenolsulphonic acid, producing great rise of ^ 
temperature, and the solid mass which forms on cooling, yields when crystallised from 
hot water, large semi-transparent, colourless, or yellowish prisms, which cleave readily 
and melt at 202°. 100 pts. water at 17° dissolve 6*18 pts. of the compound (Lecco, 
Monit, scientif, [5], iv. 423). 

Obthotoluidike or Pseudotoluidinb, C®.CH*.N^J[*.H®. — On the separation 
of this base from the /’AT’a-modification, see p. 1995. 

Reactions. — 1. By the action of iodine chloride, it is converted into monoiod- 
orthotoluidine (Michael a. Norton). 2. By oxidation with potassium perman- 
ganate, it yields o-tolyl- diazin (Hoogewerff a. van Dorp, Ber. xi. 1202). 
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3. it yields anciystallisable products of oxidation (Bars!- 

lowsky, Ber, xi. 2155). 4. Heated at 200®-220® with methyl alcohol and hydrochloric 
acid, it is converted into dimethyl-o-toluidine boiling at 206®-207®. With 
picramide, it forms a compound similar to the ^toluidine compound (p. 1996). 6. It 
unites with mercuric chtoride^ forming a compound which melts at 113°-115° (Klein, 
Ber. xi. 743). 6. A mixture of o-toiuidine hydrochloride and a strong solution^tf 
zinc chloride cooled to a low temperature (—5^) deposits colourless, concentrically 
grouped, tabular, anhydrous crystals, consisting of the double salt ZnCl*,2(C’H*'N,HCl) 
(Bibanow, Monit. scientif. [3], iv. 925). 

The salts of orthotoluidine yiehl by oxidation a basic substance, C^Il^N (also 
occurring in crude aniline-black), having a blue-violet colour, slightly soluble in 
alcohol, easily in chloroform and aniline, and forming green salts. Hydrochloric acid, 
added to the chloroform solution, throws down the green hydrochloride (Nietzki, Ber, 
xi. 1093). 

Mbtatoluidine, C®.CH*.H.N1P.H*.—F. Lorenz {Ber. vii. 448) pre^res this 
base by the following process. Paratoluidine is converted by moanfi? of glacial acetic 
acid or acetic anhydride into paracctoluide ; this into its metanitro-derivativo, by 
adding it in small portions to nitric acid of sp. gr. 1*475, and precipitating with snow; 
and the nitroacetoUiide by gentle heating with alcolmlic potash into mctanitropara- 
tx)luidine, C'‘.Cn*.H.NO®.NH'‘*.II* (p. 1999). This nitro-base is then mixed to a thin 
paste with nitric acid ; nitrous gas is passed into the mixture ; the clear light-brown 
solution is mixed in a well-cooled vessel jirith the calculated quantity of dilute 
sulphuric acid; and the resulting precipitate is washed »with ether-alcohol. The 
diazin -compound thus obtained is converted by boiling with absolute alcohol into 
metanitrotoluono, which . vy be purified by distillation with steam, and when reduced 
by tin and hydrochloric acid yields metMoluidine. 

Metatoluidino is a colourless oil, which becomes coloured and resinises on exposure 
to the air. It has a density of 0*998 at 25®, and boils at 197°. The free base does 
not change the colour of litmus, but its salts ha^^e an acid reaction, so that they 
might be analysed by titration with soda-ley. They quickly acquire a rose tint. 

The hydrochloride crystallises from water in rosettes of thin laminae ; from alcohol 
in thin pUc-red scales; it is very soluble in alcohol and in water; the aqueous 
solutions are easily supersaturated. The nitrate separates by slow crystallisation in 
large, thick, rhombic tablets, having a pale-red colour, slightly soluble in ether, very 
soluble in alcohol, less easily in water, with which it readily forms supersaturated 
solutions. The sulphate forms radiate groups of long, brittle, faintly reddish, trans- 
parent needles, easily soluble in water, sparingly in alcohol, insoluble in ether. 

Oxalates . — The acid oxalate, C’H®N,C*H*0^, forms largo nodular groups of 
slender needles having a silky lustre, sparingly soluble in water, alcohol, and ether. 
They begin, to volatilise at 75® (possibly from loss of base). The sesquibasic oxalate, 
(C'H®N)*(C*H*0^)*, is formed on heating the aqueous solution of the acid salt with the 
free base, and sejiaratcs from the warm solution in step-liko groups of. hard rhombic 
laminae : it is also formed, in the preparation of the acid salt, when the quantity of 
oxalic acid present is not sufficient for the formation of the latter. It is not decom- 
posed by rocrystallisation. The normal oxalate is formed on mixing the warm 
alcoholic solutions of oxalic acid and metatoluidine, the latter being in largo excess, 
and separates in soft rhombic laminae 'which contain 1 mol. water, and when dried in 
the air have very much the aspect of cholesterin ; it is very unstable (Lorenz). 

The following table (drawn up by Lorenz) contains a comparison of the reactions 
of the three toluidines 'W'ith the reagents which, according to Kosenstiohl, are charac- 
teristic for ortho- and para-toluidiue. 

1. The base dissolved in SH*0*.H®0 is treated with a solutirti of chromic add in 
sulphuric acid of the same concentration. The mixture is coloured : 

Ortliotoluidine Metatoluidine Paratoluidine 

Blue, c^'anging on dilu- Yellow - brown, which Yellow, 
lion to a permanent red- becomes greenish-yellow on 
violet. addition of a small quantity 

of water, and on further 
dilution colourless. 

2. Nitric acid is added to a solution of the base in SH*0®.H*0. 

An orange-colour is ]^ro- The mixture becomes at Blue streaks are pro- 
duced, and with very con- once red, changing quickly duced, which soon tinge 
centrated solutions a to intense blood-re^ then the whole liquid; after a 
brown, becoming yellow on to a dirty dark red, and on minute the colour becomes 
dilution. dilution to orange. violet, then red, and after 

some hours brown. 
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3. To a solution of the base in equal Tolumes of water and ether, a few drops of 
a clear solution of bleaching powder are added. 


The layer of water be- The layer of water be- 
comes first yellow and then comes a thick brownish- 
brown. The ether scpa- yellow ; the ether assumes 
rated from the water, and |.a reddish colour. When 
when treated with dilute separated and shaken with 
sulphuric acid is perma- a few drops of dilute sul- 
nently coloured a rod violet, phuiic acid, the under sur- 
face of the ether is coloured 
violet. 


No reaction. 


Bromotoluldlnea. E. A. Grete {Ber, vii. 796), by treating mctabromotoluene 
with nitric acid, obtains a mixture of nitro-products which by reduction yields a 
fa«/Abromotoluidine liquid at ordinary temperatures and volatilising with steam. Its 
sulphate crystallilsos in laminae or six-sided prisms ; the nitrate in six-sided prisms 
or plates ; the oxalate in needles ; the hydrochloride in very soluble needles, branched 
like those of sal-ammoniac. 

, Metabromortftotoluidine^ C®.CH*.NlI®.Br.II*, which Wroblewsky obtained by 
brominating orthotoluidine and* decomposing the resulting ortho-acetoluide with 
potash (vii. 1176), is also produced by the .action of tin and hydrochloric acid on the 
corresponding nitrometabromotoluene (fa. p. 54°-55°). It crystallises from alcohol 
in well-defined rhombohodrons having their upper and lower summits alternately 
truncated. It volatilises with steam, melts at 57‘5°-68°. dissolves very easily in 
alcohol, and with moderate facility in water, lly sodium-amalgam it is completely 
decomposed, apparently with formation of toluene and ammonia. By boiling with 
glacial acetic acid it is converted into metabremacetoluide, melting at 156°. The 
sulphate, (C’H®KrN)‘‘*H‘*SOS crystalli-ses from its aqueous solution by slow evapora- 
tion in regular quadratic tablets. The nitrate, C'lI"HrN,lINO*, forms six-sided, 
often flattened needles with pyramidal summits. The hydrochloride, C^Il®BrN,IICl, 
forms long, thin, often flattened needles very soluble in water. The oxalate, 
crystallises in tufts of long needles (Greto, Her, viii. 665). 

Iliibner a. Koos {Ber. vi. 799) have obtained, by nitration of parabromotoluene, a 
mixture of nitrobromotoluenes, yielding by reduction : 

(1) . a-Parahromotoluidine, at 32° [apparently identical with the bromo- 

toluidine described by Hiibner a. Wallach ,a.s melting at 31°, by Beilstein at 30°, by 
Korner^at 27°, and by Wroblewsky (vi. 1104) at —2°]. The hydrochloride this 
bromotoluidine forms large, six-sided, rhombic tablets ; the nitrate transparent, 
pale-red, rhombic tablets, soluble in 120*9 pts. water at 11*6°; the suljihate, 
2C‘II"BrN,H-SO^, colourless, sparingly soluble lamina*. 

(2) . fi-Parabromotoltiidine, melting at 7f>°, or, according to Wroblewsky, at 67°. 

(3) . An orthobromotoluidine, in the form of a liquid which does nqt solidify at 0'^ 
and forms crystalline salts, the hydrochloride and nitrate crystallising in rhombic 
tablets, the sulphate in needles.* 

On Symmetrical Bromotoluidine, CH* : NH* : Br = l : 3 : 5, molting at 34’5°-37°, 
see p. 1988. 

Dihromotoluidinee, C®H2Br'*'(NH-).CH*. — On the modification 

C®H* : Br : NH- : Ilr = 1 : 2 : 3 : 6 and 1 : 2 : 4 : 5, see p. 1990. A dibromo- 
toluidino is formed, together with sulphuric acid, on heating paramidotoluenemetn- 
sulphonic acid with 2 mol. bromine : 

C^H®(NH2)(SO»E) + 2l3r^ + H^O * C^H»Br*(NH2) + SO® -f 2HBr 
(II*. V. Pechmann, Liebigs Annalen, clxxii. 195 ; Ber, vii. 718). 

Tribromotoluidine, C®Br®.CH*.— This compound appears to be known in 
three modifications, the constitution of which has not however been made* out. One 
of these, which crystallises in needles molting at 112°-113°, is formed by the action 
of bromine on o-toluidino-7«-sulphonic acid, and on /7-toluidine-97^-sulphonic acid. It 
sublimes easily without decomposition, and does not unite with acids (pp. 2016, 2019). 
Another modification is obtained, together with sulphuric acid, by the action of water and 
bromine on amidorthobromotoluenemetasulphonic acid (p. 2019). It crystallises from 
alcohol in yellow needles and volatilises with steam in nearly white flocks which melt 
at 82° (Schafer, Ber, vii. 1355). A third modification is obtained by adding bromine- 
water in excess to a cold saturated solution of metatoluidineorthosulphonic acid, as a 
fiocculent precipitate, which when recrystallised from alcohol, with addition of animal 
charcoal, forms thin, fragile, faintly reddish needles melting at 95°. By cautious 
sublimation it may be obtained in snow-white needles melting at 101°. It is insolyble 
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in soda-ley and hydrochloric acid ; but dissolves in strong sulphuric acid, and is pre- 
cipitated therefrom by water without alteration (Lorenz, Bet, vii, 448). 

Xodotoluldinea (Michael a. Norton, Ber. xi. 107). 

hiono-iod-o-toluidinet C®H*I(NH*).CIP. — Acetorthotoluide, 
C*H^(NH.C®H*0)CII*, dissolved in glacial acetic acid, is converted by tlio action of 
iodine chloride into iodaceto-toluide, which crystiillises from water or alcohol fn 
short thick needles melting at 165*5°, sparingly soluble in cold, more readily in hot 
water, very easily in alcohol and ethyl acetate, soluble also in strong nitric acid with- 
out separation of iodine. 

This iodacetoluido is converted by boiling with hydrochloric acid into iod-o- 
toluidine hydrochloride which crystallises in needles. The free base crystallises 
from alcohol in long white needles melting at 86®, very sparingly soluble even in hot 
water, easily soluble in alcohol, ether, and acetic acid ; it volatilises readily with 
vapour of water. Heated with strong sulphuric acid it decomposes, evolving vapours 
of iodine. The nitrate crystallises in colourless needles, somewhat sparingly soluble 
in water. The platinochloride docs not crystallise well. 

The base treated with nitrous acid is converted into a diazin-compound 
which forms a light-yellow crystalline precipitate easily soluble in alcohol, and con- 
vertible by boiling with alcohol into the corresponding iodotoluene, which wheu 
oxidised by nitric acid yields meta-iodohemoic acid melting at 184®. The base is 
therefore a m otaiodo-orthotoluidine. 

Orthotoluidine treated with iodine chlouide likewise yields a monoiodortho- 
toliiidino. ♦ 

Di-iodo-p^toluidine^ C*H“I*(NH'‘*).CH*, formed by the action of iodine chloride on 
paratoliiidino dissolved in tiydrochloric acid, crystallises in ramified groups of slender 
needles, melting at 124*5®, moderately s oluble in cold, freely in hot alcohol. 

KItrotoluidinea . Metaniiroparatoluidine, C®. C 11*. H . \ 0* N II*. II -. 
Lorenz (Liebigs Annalen, clxxii. 177) prepares this compound by converting paracc- 
toluide into its metanitro-derivative (m. p. 92°), and treating the latter at a gentle 
heat w'ith alcoholic potash. It crystallises from alcohol in thick red prisms, melting 
at 109° ; after recry stallisation from water at 1 14°. According to Panebianco ( Gaffs', 
chim. ital. 1879, 358), the crystals are monoclinic, having the axial ratio a\h \ c=^ 
1*35781 : 1 : 1*75472. Anglo <ic = 64®^l'. According to Friederici (Ber. xi. 1970), 
this nitrotoluidine crystallises from dilute alcoholic solution in brick-red shining 
livminee, from concentrated alcoholic solution in slender needles or long thick prisms, 
and volatilises with water- vapour in red flocks made up of needle-shaped crystals. 
Jiloderatcly strong hydrochloric acid dissolves it readily when heated, and the solution 
on cooling deposits the hydrochloride^ C^H®(N0*)N,HC1, in well-defined light-yellow 
prisms, w'hich are instantly decomposed by water. The^wr/rcryg, C^H®(N0*)N,I1N0*, 
forms light yel(ow, highly lustrous, six-sided plates or slender needles likewise decom- 
posed by water. 

Mettayl-toluldines. Mono-njA Bi-methy U^-toluidine are formed when 
vapour of methyl chloride is passed into p-toluidine boiling in a reflux apparatus 
through which a current of steam is passed, 3*5 pts. of the toluidine attacked being 
converted into the mono-methyl-derivative to 1 pt. converted into the dimethyl- 
derivative. The ethereal extract of the crude product freed from unattacked toluidine 
by sulphuric acid, loaves on evaporation an oil which becomes very hot in contact 
with acetic anhydride, and after repeated distillation yields acetommiomethylpara- 
iolwdiney C'H’.N(CII*)(C*H*0), which forms colourless crystals, melts at 83°, boils 
at 283°, dissolves easily in alcohol and ether, sparingly in water. By successive 
saponification with hydrochloric acid and soda-ley, it yields nwriomethylparatoluidine 
as a colourless aromatic oil boJ'ing at 208°. Niiroso-methyl-ip-toluidi.jef 
(C^H’)N(CH*)(NO), obtained by the action of potassium nitrite on methyl toluidine 
dissolved in hydrochloric acid, is insoluble in water, easily soluble in alcohol and 
ether, and melts at 54°. 

IHnitr<methylparatoluidine, C'H'.NH[CH(NO*)*], produced by the action of fuming 
nitric acid on a solution of the acetyl-compound in glacial acetic acid, crystallises 
from dilute alcohol in light-red needles molting at 129°, and dissolving, without 
decomposition, in glacial acetic and hot hydrochloric acid (A. L. Thomsen, Ber, 
X. 1582). 

BimethyUpAoluidine, C®H'*N-(CHr)(CH*)*N = C«H^[N(CH*)*].CH*.-On 
the formation of this base by intramolecular interchange from trimethyl-phenyl- 
ammonium iodide, and its subsequent conversion into methyl-xylidine and cumidine, 
see A. W. Hofmann (vii. 57). It is also formed by distillation of trimethyl-j»-tolyl- 
ammonium hydroxide, passing over as a colourless aromatic oil which boils at 208°. 
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Dimethyl-orihoioluidinet prepared in like manner, boils at 183^. Trimethyl^yrthatolyl- 
amrmnium Iodide crystallises in largo needles which acquire a purple colour on ex- 
posure to the air (A. L. Thomsen, he. cit,) 

Bromodimethyl-metatoluidine is formed by the action of bromine on 
dimethyl-metatoluidine dissolved in two or three times its volume of hydrochloric 
acid. The light yellow liquid thereby produced is poured off from an oil which sepa- 
rates, into cooled soda-ley, and the crystals which form are freed by pressure from 
adhering liquid, and recrystallised from alcohol. The compound is thus obtained in 
white shining laminae, unctuous to the touch, insoluble in water, easily soluble in the 
other ordinary solvents ; it melts at 98°, and bbils at 276° (Wurster a. Riedel, Ber. 
xii. 1796). 

Nitroso^ and Nitro-derivatives of Dimethyl-m^toluidine (Wurster a. 
Riedel, he. cit.) — Nitroso-dimetkyl-m-toluulme Hydrochhride, C*H**(N0)N.H01, is 
deposited on adding a saturated solution of sodium nitrite to a solution of dimethyl- 
metatoluidine in dilute hydrochloric acid. It is sparingly soluble in cold, but dis- 
solves in hot wator in presence of hydrochloric acid, and crystallises on cooling in 
yellow needles. The free base obhiinod by decomposing the hydrochloride with 
sodium carbonate crystallises from other in green plates or needles melting at 92° ; 
from a chloroform solution mixed with ligroin in moss-green needles ; from benzene 
'in dark-green efflorescent crystals containing benzene; from water in lamiiiw. It 
forms steel-blue double salts with amines (aniline, toluidine), is converted by* potash- 
ley into a red-brown azoxy-compound, jjnd is resolved by soda-ley into dimethylamine 
and a nitrosocresol, C*,H^(N0)(011).CH*, w'hichcrystiilliscsin white needles, melting 
at 14d°-160°, soluble in alcohol, beuzenc, chloroform, and glacial acetic acid, slightly 
soluble in boiling water and in ether; yielding an acet^'l-dorivative which forms 
prismatic crystals soluble in alcohol and melting at 92° ; and converted by the action 
of nitric acid on its solution in glacial acetic iicid into trini trocresol. 

NitrosodiTMthyl-m-toluidine^ treated with tin and hydrochloric acid, is converted 
into a dimethyl-tolylone-d'i amine, N*II‘*(CH*)®(CW), which, when oxidised 
by sulphuric acid and manganese dioxide, yields a crystiillino compound (m. p. 67°) 
identical with the toluquinone C’H®0* (j^.v.) prepared from paratoluidine. Rimethyl- 
tolylene-diamine is therefore a derivative of paratoluidine, and since it is obtained by 
reduction of nitrosodimethyl-?w-toluidine, it follows that the nitroso-group in the 
latter compound must occupy the para-position with regard to the amido-group. 
Hence the constitution of nitrosodimcthyl-w-toluidine must be represented by the 
12 6 

formula C«.CH*.NO.H.H.N(CH»)* H (Riedel, Ber. xiii. 126). 

Nitrodbneihylmdatoluidine is formed when potassium permanganate is added to 
an aqueous solution of nitrosodimethylmetatoluidine hydrochloride, and may bo 
extnictod from the liquid with other. It crystallises in long yellow needles melting 
at 84°. The corresponding dimYro-derivative is obtained in yellow needle-shaped 
crystals melting at 107°, by adding nitric acid to a solution of dimethylmetatoluidino 
in glacial acetic acid. If the nitration is carried on with dilate nitfic acid, or if the 
mixture of sulphuric and nitric acids is kept perfectly cold, three nitro-derivatives aro 
obtained, viz., the mono-nitro-derivative melting at 84°, and two dinitro-derivatives 
molting at 107° and 168° respectively. The latter is less soluble in alcohol than the 
dinitro-compound which melts at 107° (Wurster a. Riedel). 

On Colouring Mattere derived from Methyl- and Dimethyl-toluidino, see Monnot, 
Reverdina. Nolting {Ber. xi. 2278 ; Chem. Soc. J, xxxvi'. 310). 

(0-1) Amldotolnene, or Benzylamlne, C*H\CH2(NH^). This base, 
originally obtained by the action of ammonia on benzyl chloride (v. 867), and after- 
wards b}’ decomposifjg. benzyl isocyanate or isocyanurate with potash (vii. 181), may 
ali 0 be prepared by the action of alcoholic potj^^sh on benzyl-acetamide (from acetamide 
and benzyl chloride). The hydrochloride separates from alcoholic solution in large 
plates. The ylatinochloride crystallises in orange-coloured plates, the mlphate in 
transparent crystals freely soluble in water (C. Rudolph, Ber. xii. 1297). 

Tri-^-hromoheneylamine, (C^H®Br)*N =* (CH*Br.C®H*)*N, is formed by the 
action of alcoholic ammonia at ordinary temperatures on parabromobenzyl bromide, 
and separates immediately as a crystalline pulp, together with a substance scarcely 
soluble in alcohol. The triamine is insoluble in water, but dissolves in alcohol, ether, 
benzene, and carbon sulphide, and crystallises from alcohol in prisms melting at 
78° 79°. 

The substance nearly insoluble in alcohol is the corrtsponding hydrobromidey 
(C'H'*Br)*N,HBr. It crystallises in white scales melting at 270°, insoluble in water, 
easily soluble in ether (Jackson a. Lowery, Ber. x. 1209). 

Mono-, Di-, and Tri-orthohromobenzylamines are formed by heating 
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fl-bromobenzyl bromide at 100° for two hours with alcoholic ammonia. The tertiary 
base, (C®H*Br.CH*)*N, separates from the product in crystals, which, after recrystal- 
lisation from ether, melt at 121*5° ; its platinochloridet [(C®H^Br.CH*)^NH]*Pt01*, is 
insoluble in water and in ether, and very sparingly soluble in alcohol. The primary 
base, C*H*Br.CU*NH*, is obtained from the liquid filtered from the crystals of thf|» 
tertiary base by evaporating to dryness, treating the residue with carbonic acid, 
exhausting with water (the secondary base then remaining undissolved), mixing the 
extract with caustic soda, and wasliing the oil thereby precipitated. It is a colourless 
oil yielding a carbonate in white ciy^ ; als melting at 95°, and a hydrochloride, in 
needles melting at 208°, both soluble in water and in alcohol. The plaiinochloride, 
(C*'H^Br.CH.*NHif)2PtCl*, forms orange-yellow needles insoluble in ether, slightly 
soluble in water and in alcohol. The secondary base, (C®H*Br.CH*)‘‘*NH, solidifies 
in a freezing mixture to rhombic needles melting at 36°, having a pleasant odour, 
insoluble in water. The hydrochloride melts at 166°; the platinocMoride, 
[(C"I£*Br.ClI‘*)*NH]’‘*PtCl®, is a dark yellow precipitate insoluble in ether, moderately 
soluble in alcohol and in water. 

p-Monochlorobenzylamino, C'lI^Cl.NH®, is liquid. Di- 
j^-chlorobenzylamine, (G*IPC1)‘‘*N11, melts at 89° ; tri-p-chlorobeiizylamiue, (C*H^C1)*N, 
at 196° (Jackson a. Field, Ber, xi. 904). 

lodohenzylaminea. — ih‘- and Tri-^4odohemylamine, (C®H^I.CH*)*NH, and 
(C®H^I.011-)“N, are produced simultaneously by boiling p-iodobenzyl bromide (p. 2007) 
with alcoholic ammonia. The tri-derivative, wAich is the l^s soluble part of the 
product, may bo purified by recrystallisation from other. It forms white needles, 
melting at 114°-115°, insoli lde in w<ater and in cold alcohol, slightly soluble in hot 
alcohol, also in ether, benz^;ne,‘ and carbon sulphide. The platinochloride, 

| (C“H^I.CH‘')*NHpPtCl®, crystallises In yellow needles nearly insoluble in water and 
in alcohol. I)i-^iodohensylamine forms white needles having an aromatic odour and 
melting at 76°. It is insoluble in water, but dissolves 'rr adily in hot alcohol, ether 
iMmzene, and carbon sulphide. The platinochtoride, r(C®H^I.CII*)‘'*NHpPt01‘*, forms 
light yellow crystals nearly insoluble in water and in alcohol (jMabory a. Jackson, Ber, 
xi. 55). 

Stbylbenzylainlnefi. Biethylhemylamine, NI1(0''IP)^ formed by heating 
diethylamiue with benzyl chloride in molecular proportions, boils at 211°-212° (V. 
Moyer, Ber, x. 309). 

Triethylhenzylammonium Iodide, N(C-H‘^)®(C'IP)I. — According to Laden- 
burg a. Struver {Ber. x. 43), and Ladenburg {ilnd. 561, 1152, 1634), on the one hand, 
.‘ind V. Meyer {ibid. 309, 964, 978, 1291) on the other, this compound admits of two 
inudifiaLtions, N(C2H^)*,C^1PI and N(0*11®)■‘KU'^^C■■*1PI, the former, designated as 
above, being obtained by the union of triethylamine and benzyl iodide, the latter, 
CMlled benzyl-triethylammonium iodide, from benzyl-diethylamino and ethyl iodide by 
lieating wilh water; also, together with the hydriodides of bonzyldiethylamine and 
benzylethylamine, by heating beiizylamine at 130° with ethyl iodide. Both these 
iodides crystallise in large white crystals ; bothyield the same periodidc, N(C^11*)^C^H^I*, 
which is forraeil either by direct combination or by boiling the solutions of the mono- 
iodides with hydriodic acid, and crystallises in mettillically lustrous prisms molting 
at 87° ; moreover, the corresponding picrates resemble each other very closely, con- 
sisting of yellow prisms melting below 100°. The platinochlorides, how'ever, are, 
according to liadcnbuig a. Struve, not identical, that of triethylbenzylammonium 
chloride crystallising in tufts of prisms, or in well-defined, apparently monoclinic 
crystals, whereas that of benzyltriethylammonium chloride forms tstbular crystals, 
Mppareiitly rhombic, which, by keeping or rocrystallisation, are cc;iverted into the 
former idatinochlorido. According to Ladmiburg, also, the iodide of triethylbenzyl- 
aninionium changes into that of benzyltriethylammonium when its solutions are 
concentrated. Altogether, however, the difference between the two iodides does not 
appear to bo s.itisfactorily made out. 

, Pbenyltoenzjlaminev or Bensylanlllney NH(0®H^)(GH’^.C®H®). This base, 
metameric with Hofmann’s tolylaniline (iv. 454), is formed : (1). Together with 
aniline liydrochloride, by heating benzyl cUorido (b. p. 176°) with aniline at 160° for 
twenty-four hours : 

G«Ha.CH*.Gl + 2C«H®NH* « G«IPNH*HG1 + G«11*.GH*.NH.C«1I» 

(M. Fleischer, Liebig's Anmlen, cxxxviii. 225). 

(2). By tlio action of nascent hydrogen (zinc-dust and HGl, or sodium-amalgam 
and water) on benzothianilide (p. 1924): 

C«H».CS.Nir.G«n» -t- 2 H* « H*S + G«Jl\GH«J^II,C“Ii' 

(Bernthsen a. Trompetter, Ber, ILU 1756), 

vpL. vm, ^ ^ 
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Benzylaniline solidities at low tempeniturcs to a crystalline mass, and cry^tallise8 
from hot alcohol in four-sided prisms, insoluble in water, easily soluble in alcohol and 
ether. It melts at :i2° remains liquid at 12^, and boils at 310° (Fleischer) ; melts at 
33° (B. and T.) [Tolylaniline, NH(C«II*)(C*H^CII*), melts at 87® and boils at 334*6° 
(corr.)] The hydrochloride^ C'*ll'*N,HCl, forms white well-defined crystals easily 
soluble in water and alcohol, sparingly in other, and turning green on exposure to the 
air or on drying (Fleischer) ; white lamina molting at 197° (B. and T.) The ptatino- 
chloride forms concentric groups of yellow-red laminm (B. and T.) ThO cadmio- 
chloride, C'*H'*N,CdCl*, dissolves readily in Ij.ot alcohol, and crystallises in tufts t)f 
white needles which are decomposed by drying or by the action of water (Fleischer). 

In contact with ^twrcuric chloride, benzylaniline forms a green ^ass which dis- 
solves with blue colour in alcohol, assumes a darker colour on prolonged heating, 
and then dissolves in alcohol with crimson colour. Benzylaniline heated with benzoyl 
chloride forms a yellowish oil, which gradually solidifies in contact with water and 
alkali, and crystallises from alcohol in well-defined six-si»lfd monoclinic prisms, con- 
sisting of plreny Ibenzylbenzamide, This compound is 

insoluble in ether, melts at 104°, and dissolves in strong nitric acid, forming a yellow 
nitro-compound (Fleischer). 

Bcnzyldiphenylamine, N(C’H’)(C®H*)®, formed by the action of nascent 
hydrogen on benzodiphcnylthiamide, crystiillises in long white needles melting at 
86*d°-87'^. It is nearly insoluble in water, slightly soluble in cold alcohol, easily in 
hot alcohol and in rthcr ; does not c^fhibit basic properties (Bernthsen a. Tronipettcr) 

Derivatives of Toluidine containing^Ai^d Radicles. 

AcetoluldeZf C“IP(NH.C*H*0).CIP. /l.'irfl-acetoluide is dimorphous. By spon- 
taneous evaporation of its alcoholic solution it is obtained in monoclinic crystals 
having the axial ratio a\h \ c - 1*21654 : 1 : 0*78885, and the axial angle 106° 7' 20 
Observed forms ooFoo, OP, ooP, — P, Poo, 2Poo. Cleavage perfect parallel to OP, 
less distinct parallel to ooPoo. Twin-plane parallel to OP. In a cleavage plate 
parallel to OP, the angle of the optic axes in oil was for red light 106° 10'(p<i/). 
Dispersion very weak. On cooling from a warm alcoholic solution, on the other hand, 
or from a supersaturated solution, the compound is deposited in orthorhombic crystals, 
partly transparent needles without distinct summits, partly flat needles with distinct 
summits, and in the latter case mostly turbwl. Axes alb: c = 0*651 47 I 1 : 0*32885. 
Observed forms qoPoo, oo?oo, oP, ooP, Poo, 2f2. The transparent needles exliihit 
only the faces oo P oo, oo P oo and oo P. Cleavage not recognisable. The piano of the 
optic axes is oo I* oo ; the acute bisectrix is normal to oo P oo. p<v. Angle 211., - 84° 
for red. This case of dimorphism is the third which has been observed in the para- 
series (Panebianco, Gazz. chim. ital. 1878, 426). 

By oxidation with pota.ssium permanganate in hot aqueous qolution, jt^-acetoluidc 
yields an acotami dobenzoic acid, C®ID(NH.C*H*0)(CO®H), w’hich melts with 
partial decomposition at about 250°, and is converted by hydrochloric acid into tlio 
hydrochloride of paramidobenzoic aci<l (A. W. Hofmann, Bir, ix. 1299). 

On the reaction of p-acetoluide with phosphorus pcntachloride, see KthevyUtolyl- 
amidines (p. 746). 

o-Acetoluide dissolved in glacial acetic acid is converted by iodine chloride into 
mono-iod-o-acetoluide ; y>Acetoluido, on the other hjind, is not attacked by iodine 
chloride (see Iodotoh:idi>’ks, p. 1999). 

Metabromorif>acetoluide, C*.CH*.NH(C-H*0).Br.H*, formed by boiling niotabrom- 
orthotoluidine (p. 1998) with glacial acetic acid for six hours, separates from aqut‘ous 
solution in white capillary coral-like forrf.'s, which under the microscope appear to be 
made up of slender needles ; it melts at 156° (Grete, Ber, viii. 565). 

Benxotolisldea,or Tolylbenzamldex, C*^H”NO == The 

yMzra-modificatibn, obtained by treating y)-toluidine with benzoyl chloride (v. 872), 
melts, according to Kelbe {Ber, viii. 875), at 156°, and is easily resolved by boiling 
with alkalis into toluidine and benzoic acid. By nitration it yields a mono- and a 
dinitro-compound, which may bo separated by crystallisation from an alcoholic 
alkaline solution, the mononitro-compound crystallising out first. This latter compound 
forms yellow needles melting at 143°. It is insoluble in water, and is resolved by 
hydrochloric acid at 200° into benzoic acid and metanitrqtoluidine, which crystallises 
from alcohol in red needles melting at 110°. By the action of hydrogen it is converted 
^ into anhydrodiamidobemotcluide, a volatile, very stable basic compound which crys- 
" tallises in colourless needles, melts at 232°-233° is insoluble in water, but dissolves 
in alcohol and in aqueous potash, Its hydrochloride is easily dccomposible, and only 
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sparingly soluble in cold water. The sulphate crystallises in red needles (Kelbc). 
C. A. Bell (2?«r. vii. Io04) describes a nitrobenzotoluide obtained by the action of 
benzoyl chloride on nitrotoluidine (m. p. 77*6®). It crystallises in light yellow prisms 
melting at 172®, and is reduced by tin and hydrochloric acid to a benzoyltolylene- 
diamine which crystallises in colourless needles melting at 142®. ^ 

Vmitivbenzotoluidine forms colourless needles, easily soluble in alcohol and glacial 
acetic acid, melting at 186®. By heating with hydrochloric acid or with alcoholic 
potjish at 160®, it is converted into a di nitrotoluidine, which dissolves in hot water, 
melts at 186°, and is converted by hydrogen into a base, C'H‘(NH-)‘^N1I.()C®J1\ 
which crystallises in grey opac^ue needles, soluble in alcohol and ether, and melting at, 
182®- 183®. Its sulphate contains 1 mol. water of crystallisation. Dinilrobenzo- 
toluide is converted by hydrogen sulphide into an amidonitrobonzotoluid c, 
which crystallises in rod needles molting at 137°-139° (Kelbo, be. cit.) 
li'-nzothiotoluide, C®H\CS.XII(C’^II’). See TiiiAMinKs (p. 1963). 


Biamidotoluenes, or Tolylenet' tamlneii, C^H®(NH^)^ 
Cdl»(NiT-)*.OfP(v. 872; vii. 1180). 

PARA-ORTHOTOI.YLKNEDIAMINB, Cll* .* NH® .* NH*= 1 .* 2 I 4 (m. p. 99®), also 
called Metatolplenediamine. This modification istconverted by boiling with excess of 
glacial acetic acid into a diacetotolybtiediamme melting at 22#, which, w’Jien treat ed 
with cold fuming nitric acid, yields nitrodiacetolylvnediamine molting at 263°, soluble 
in 309 pts. of boiling acetone, insoluble in alcohol and ether. This nitro-aceto-com- 
pound dissolves with decomposition in Irit hydrocliloric acid, and the solution on 
cooling deposits red crystals which, ai well as the solution, are decomposed by 
anuuonia, yielding a nilrotolylemdiaminef which dissolve^' in hot water, and crystallises 
In yollow-red needles melting at 154® ; dissolves also in hot dilute acids, forming 
easily decomposiblecrystallisable salts, and in hot filcohol. This nitrotolyleiiediamiiie, 
treated with nitrogen dioxide or nitrous gas, yields a red, very stable amorphous body 
having the composition C’U5(NO0(NU0N*,CUJXNO»)(NH0(NIl). If the reaction 
takes place in an acid solution, there is also formed a colourless bye-proiluct — 
probably a nitroethylcresol, which gives off nitrogen when boiled with alcohol. It 
crystallises in siiining prisms ; is insoluble in 'water, but dissolves easily in alcohol ; 
volatilises with steam ; molts at 72®-73?, and boils at about 286® (Ladenburg, Her, 
viii. 1209). 

When /?-o-tolyloiiediamino dissolved in alcohol is treated wdth vnrhon hmilpkide^ 
large quantities of hydrogen sulphide are given oil', and on leaving t ho solut ion to 
digest for two days at the ordinary temperature, then evaporating it to a syrup, and 
exhausting with benzene, a yellow residue is left, soluble in alcohol, and on adding 
water to the alcoholic solution, a yellow crystalline precipitate is obtained, consisting 
of t«»lylcno thiocarbaniide, N-(C^II*)(CS)H“ (R. Lussy, Ber, viii. 291). 

(y>-o)-Tolylenediamino, treated with ethyJchlorocarbonate, yields tolyleno- 
urethane, which crystallises from alcohol in dazzling white .silky needles 

melt ing at 137° : 

2Cni«(NTP)* + 2(C1.C0.C2H») - CUI«(NI!-)*,2HC1 + Cni«(NH.C().OG'-H'*)’. 

When a concentrated aqueous solution of (|)-o)-tolylenediamiuo sulphate is mixed 
with a warm solution of an (Hjuivalent quantity of potassium thioeymaief the solution 
then evaporated, the residue exhausted with alcohol, and the filtrate purified with 
animal charcoal and left to crystallise, a crystalline mass is obtained, which dissolves 
readily in water, and gives the thiocyanate reaction with ferric chloride. Hence the 
immediate product of the reaction is tolyleiiediamine thiccyanaiet (CN.S)'''C'H®, but 
this salt soon changes, even without heating, into tolylenethiocarbamide, (CS— N 
(Lussy, B(t. vii. 1263). 

With furfural in presence of an acid, tliis tolylenediamine forms a metallically 
lustrous salt containing the elements of the two boilics minus the elements of water 
(U. Schiff, Bar. xi. 8.30). (^)-o)-Tolylencdianiine reads with salts oi yaraditolyldiazin 
(azotoluene), so as to produce diamidoditolyldiaziii, or the chrysoi'dine of the 
t dueno series, = CHIbN=iN.CHl*(Nll®)2, wdiich crystallises in stellate groups 

of orange-yellow needles melting at 183°, easily soluble in alcohol and ether, nearly 
insoluble in water. Its 8alt« crystallise more readily than those of chrysoi’dine. The 
platinochloride has a crimson colour (see Curtsoidine, p. 470). 

Paba-mbta-toltlenediamink, (also called Oriho~ 

blylenediamine\ is obtained by reduction of «i- nitro-/j-toluidine (vi. 1180), also 

0x2 
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together with acetic acid, by reduction of m-niiro-p-trichloracetoluide with tin and 
hydrochloric acid (Friederici, Bet, xi. 1970): 

C«fl»(CH>)(NO'0.NH.CO.CCl» + 611= « 
C®H>(CH»)(NH0*,2IIC1 + + H«0 + HCl 

This base melts at 89^. When treated in very dilute aqueous solution containing 
sulphuric acid, with a dilute solution of ^taasium nitrite ^ it is converted into ainid> 

azotolylone or ainidotolylene-diaziii,C^HW - which crystal- 

lises from toluene in large prisms containing 118 per cent toluene of crystallisation, 
melts at 83°, and distils almost without decomposition at 323° (Ladenburg, Ber, ix. 
219). 

Reaction of (p-myTclylenediamine with Aldehydes . — The combination of 1 mol. 
(p-wi)-tolylenediamine and 2 mol. of an aldehyde, with elimination of 1 mol. water, 
gives rise to j; class of bodies called tolualdehydincs, which have been prepared 
and examined by Liidenburg {Ber. xi. 590, 1656). 

Toluhemaldehydinct jg prepared by heating the diamine with benz- 

aldehyde at 140°, and may also be obtained by heating the hydrochloride of the 
diamine with benzaldehyde, first at 100° and then at 130°, till hydrochloric acid 
ceases to bo evolved. The crude product is dissolved in hot dilute hydrochloric acid, 
and the crystals which separate on c^^ling are decomposed by ammonia. The free base 
is soluble in alcohol, ajotone and acids, and is deposited from an alcoholic solution, in 
transparent, monoclinic prisms w'hich melt at 1U5‘5°. In small quantities it sublimes 
without decomposition. The hydrochloride^ IlGl,H‘-0, is but slightly soluble 

in strong hydrochloric acid, and separates out in long, needle-shaped crystals from a 
solution m the hot dilute acid. , 

Tolvhenzaldehydine Ethiodide . — Two kinds of crystals are produced by the union 
of ethyl iodide with the aldehydine, viz., thick prisms or tables, and long needles) 
both of which are soluble in water and in alcohol ; they have the same comt)osition, 
and melt at 180°~181°. An alcoholic solution of iodine con- 
verts this compound into which crystallises in brown plates melting at 

123°. By the action of silver oxide on tolubeiizaldohydine ethiodide an oily liquid 
is formed, the hydrochloric acid solution of which gives with platinum 
chloride a yellow crystalline precipitate of tolifhenzaldehydine ethylylatinochloride^ 
(C*®ir'*N*Cl)’^PtCl\ Tolnhemaldehydine Methiodide, forms white 

needle-shaped crystals which molt with decomposition at 209°. 

Tolubenzaldchydine oxidised with potassium permanganate yields an acid which 
melts at 253-6°-254-6°, and probably consists of dibenzylideneamidobe^izoic acid, 

Tolufurfur aldehydine, C*'J1‘*N*0^ obtained by heatiqg (p-»i)-tolylenedia- 
mine with furfural on the water-bath— or bettor by the action of furfural on the 
hydrochloride of (p-w)-tolyleuediamiiio— crysUllises in white silky prisms melting at 
128*6°, easily soluble in ether, alcohol, benzene, and toluene, sparingly in ligroin. 
The nitrate crystallises in needles ; the platinockloride forms yellow crystals easily 
soluble in alcohol ; the sulphate crystallises from alcohol in prisms. 

Tolufurfuraldehydine methiodide, obtained by treating the alde- 

hydine with excess of methyl iodide, crystallises in brilliant laminie having a bitter 
taste, very sparingly soluble in cold water, slightly more soluble in alcohol, and molt- 
ing at 195*5° The corresponding chloride forms colourless shining lamina easily 
soluble in water^, and veiy poisonous ; the platinockloride is a yellow powder. On 
adding an alcoholic solution of iodine to alcoholic solution of tolufurfuraldehydine 
methiodide, a tri-iodide, is formed as a yellow-brown crystalline pre- 

cipitate, and crystallises from hot alcohol in light-brown needles mqfting at 126°- 
128°. The alcoholic filtrate mixed with excess of iodine-solution deposits the 
pentiodide, in steel-blue oblique prisms melting at 100°. 

Tolu^anisaldehydine, is prepared by adding anisaldohydo to a 

dilute aqueous solution of (p-w)-tolylonedi amine hydrochloride, with addition of . a 
little alcohol, and may be separated from the hydrochloride by ammonia and purified 
by crystallisation from alcohol. It forms stellate groups of needles, very soluble in 
alcohol and chloroform, sparingly in light petroleum, melting at 162°~166°. 

(p-w)-Tolylenediamine and Salicylaldehyde, heated tdgether at 110°, yield, not an 
aldehydine, but condensation-products, formed by combination *of 1 mol. of the 
diamine and 3 mol. salicylaldehyde, with elimination of 3 mol. water, or of 2 mol 
diamine and 3 mpl. aldehyde, wi^ eliniination of 3 ?nol. water. The former com- 
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pouodf C“II=*N^O*, crystallises from alcohol in stellate groups of needles which melt 
iit 106^-110^, and are converted by long boiling with hydrochloric acid into an amor- 
plious body which dissolves in potosh-ley, forming a blue fluorescent liquid from 
which it is precipitated by carbonic acid. The second body, called 

azurin€^\% obtained by heating the diamine with twice its weight of the aldehydq^ 
at 135®, and treating the product with hot dilute hydrochloric acid. The acid solu- 
tion is filtered ; the white amorphous precipitate thrown down on adding strong 
hydrochloric acid to the filtrate is dissolved in alcoholic potash and shaken up with 
ether; the ethereal solution is ovapor&iMd to dryness; and the residue is dissolved in 
water, precipitated by carbon dioxide, and recrystalliscd from amyl alcohol. Azurine 
is characterised by the blue fluorescence of its solutions, and forms colourless tabular 
crystals soluble in amyl alcohol and acetone, melting at 250*5®. 

Methenyl-tolylenediamine, C'lPN'* = formed by pro- 

longed heating of jMw-tolylenodiamine with formic acid, passes over on. distillation at 
a very high temperature, and solidifies to a crystalline mass melting ul 101° ; it has 
not, however, been obtained quite pure. Its Itydrochloride is very soluble. The 
j}latinochloride^ (C*H®N®,HCl)‘‘*rtCl^, crystallises fn^m water in yellow prisms ^ 
(Tjadenburg, Ber, x. 1123). 

Ethenyl-iolylenediamine, G®H*®N2 = is formed on 

mixing ethylic acetoacetato and p-wi-lolylcncdiatnine in molecular proportions. The 
temperature of the mixture sinks whilst the diamine dissolvef, but afterwards rises, 
water then separating out, and the mixture solidifying to a crystalline nuiss (m. p. 
82°), which has the composition and when heated to 116® splits up into 

ethyl acetate and othenyltolylencdiamino uielting at 108°-199®. The reaction takes 
place by two stages as follow's ; 

(1) . CH®.C«H»(NH®)® + Cll^.CO.CH-.COOC^n- -= 11*0 

+ CH‘.C*n*<;^|>C(CH)».CH’‘.COOC-l P 

(2) . CIP.C«1P<^t|}>C(CIP).C1I*COOC*IP = CH».COOC“H“ 

(Ladcnburg a. Rugheimer, Ber, xii. 951). 

Itensenyl-f-m-tolylenediaminr. = To 

prepare this compound, a flask containing a mixture of y>wi-tolylencdiaminc and 
acetophenone in molecuhir proportions is gradually heated in an oil-bath to 180®, at 
which temperature it is kept for thirty-six hours, the loss of acetophenone hy volati- 
lisation being made up by dropping in small quantities from time to time. The 
reaction is supposed to take place as fbllow's : 

CH».C«H»(NH=‘)» + CH*.C().C«H‘ = + H’O + CH^. 

On exhausting the prwluct with hydrochloric acid, a solution is obtained which, on 
cooling, deposits needle-shaped crysUils of the hydrochloride of benzenyl-^7-/yi-tolylonc- 
diamine. The free base molts at 240®, an<l is identical in its properties with the 
anhydro-base which Kelbe obtained from mouonitrobenzotoluidc (p. 2002) (Laden- 
burg a. Rugheimer, loc. ciL) ^ 

PhthalyltoiylenC’diamines (R. Biedermann, Ber. x. 1160). — Mono- 
phthalyltolylenediaminef and Diphthalyltolylmediamine, 

are formed by heating (^•o)-tolylenediamine with 

phthalic anhydride, with or without addition of phosphoric anhydride, strong sul- 
phuric acid, sodium acetate, or strong alcohol ; also hy tlie action of phthalyl chloride 
on tolylenediamine hydrochloride. 

The monophthalyl-hase crystallises in needles having a golden-yellow colour and 
silky lustre, and is best purified by repeated crystallisation from nitrobenzene. It 
melts at 192°, and is only very slightly soluble in hot water, but dissolves readily in 
hot alcohol and glacial acetK*- acid. Dilute hydrochloric acid at the 1)oiling heat con- 
verts this substaimo into diphthalyltolylonediamino and a base, repre- 

sented by the constitutional formula C’H®(NH.CO.C*H*.CO.NH.O'H®.NIT®V. Thi.s 
base is easily soluble in water, and is resolved by repeated evaporation with hydro- 
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chloric acid into phthalic acid and (p-o)-tol7lenediamiDc. Its hydrochloride is easily 
soluble, crystallises in rhomboidal lan>inse, and forms a reddish-yellow platinochloride, 
C«H»^N«OS2HCl,PtCl^ 

Diphthalyltolylenediaminet is quite insoluble in water and in alcohol, 

and separates from solution in glacial acetic acid, in small shining crystals melting at 
232^-233^. It resists the action of hydrochloric acid, but is gradually decomposed 
by hot soda-ley. 

(m-oyTolvlencdiamine (m. p. .80°) yields a monophthalyl-dcrivative melting at 
104°, and a diphthalyl-derivative melting at 272°. Both are colourless. 

(1 — 0) Bydrozytoluenea, Tolyl Alcohols.— Crmh (pp. 

582, 1540). From the results of Tiemann a. 8chotten*s experiments on the conversion 
of cresols into hydroxytoluic aldehydes (p. 2027)« it appears that coal-tar crcsol is a 
mixture of the three isomeric cresols, orMo-, meta~y and para. The three cresols are 
also present together in horse-urine in the form of sulphouic acids, and are produced 
by the dry distillation of vegetable mat ters : hence it may be inferred that they are 
produced in tne one case as in the other by decomposition of the same plant-con- 
stituent (C. Preusse, Zeitschr. physiol. Chem. ii. 365). A cresol (modificai ion not 
stated) is formed by oxidation of toluene in presence of aluminium chloride (Friedel 
* a. Crafts, Compi. rend. Ixxxvi. 884). 

According to Biiuniann a. llorter (Ber. ix. 138), crcsol (commercial, or prepared 
from horse-urine), when given to animals in their food, is converted in the organism 
into a cresol sul phonic acid, which ij/ eliminated in the urine. 

On the reaction of Cresols with chloroform and sodium hydroxide^ see Hydboxt- 
TOLUic Aldehyde.s (p. 2027). 

On their reaction with potassium chlorate and hydxochloric acid, see ToLUttuiNOEEs. 

(0—1) Bydrozytoluene, or Benzyl ,Alcobol, CH^CIPOH. When boron 
is passed into this al(iohol, hydrogen chloride is evolved, and di benzoyl, 
is formed, together with benzyl chloride (Councler, Ber. x. 1655). 

Benzyl Acetate treated with sodium is converted into the benzylic ether of hydrtj- 
cinnamic or /8-phcnylpropionic aci<l (p. 1068). In like manner hensyl butyrate, 
CH^.Cir-.CH^.COO.CH'^.CW, is converted by the action of sodium into the bcuzylic 
ether of'normal phenylvaleric acid, C*H*(CH*)^COO.CH*C*TP, which boils at 250^ 
and yields phenylvaleric acid melting at 78° (Conrad a. Hodgkinson, x. 254). 

Kthytic Benzylacetoacetate (pp. 14, 317) is converted by saponification partly into 
methyl-phenylet^l ketone, CII’.CO.(CH2.CH-.C*H.'), partly into dibenzylacetic acid, 
(C*H*.Cir‘*)*CH,COOH, and acetic acid, perhaps thus : 

(1). CH^CO.Cll(CH2.C*^*).CO.OC=lP + H^O = CH*.CO.(CH*.CH‘.C«H^) 

+ HOC*H5 + CO* 

(2). 2[CH*.CO.CH(CH*C«H*).CO.OC*HT + 4H*0 = CH(CH*.C*lP)*.COOH 
+ 3(CH*.COOH) + 2HOC*H* 

(L. Khrlich, Liebig's Annakn, clxxxvii. 11). 

Barahromohcnzyl-compounds (Jackson a. Lowery, Ber. x. 1200). — The 
alcohol, C“H*Br.CH‘“OH, is most easily prepared by boiling pirabromobenzyl bromide 
(p. 314) with water for some days, in a flask with reversed condenser. It is also 
obtained by heating parabromobenzyl acetate to 150° with aqueous ammonia. It 
forms long, colourless, clastic, flat needles, having a fine nacreous lustre and un- 
pleasant odour, melting at 69°, and dissolving easily in boiling water, alcohol, other, 
benzene, and carbon bisulphide. 

acetate, formed by heating the bromide with sodium acetate in alcohol, docom- 
* poses when distilled, and ha.s not yet been i^btained pure. 

The cyanide, C*H*Br.CH*CN, obtained by boiling the bromide with alcoholic 
solution of potassium cyanide, is a crystalline body of strong disagjcieable otlour, 
melting at 46°, and dissolving easily in alcohol, ether, benzene, glacial acetic acid, and 
carbon bisulphide, but notin water. Heated at 100° with hydrochloric acid in sealed* 
tubes, it is converted into parabromalphatoluic acid, C'‘lPBr.CH*.COOH ; see 
Toluic acids (p. 2026). 

The thiocyanate, C*H^Br.CII*SCN, formed by boiling the bromide with potassium 
thiocyanate, crystallises in needles, melting at 26°, and dissolving very easily in 
alcohol. 

Orthohromohemyl- compounds (Jackson a. Fi5ld, Ber. xiii, r218).--Tho 
bromide, C*HHlT.Cfl*Br, obtained by the action of bromine on boil^g bromotolucno, 
is purified by distillation in vapour of hydrobromic acid ; it cryetalliees in broad 
tablets melting at 30°. The alcohol, C*lI*Br.CIl''Ofl, is produced by the action of 
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aqueous ammuuid at 160° in a sealed tube, or of alcoholic potash on the acetate 
(formed from the bromide by means of alcoholic sodium acetate); also by boiling the 
bromide for several days with water. It crystallises from hot water, or better from 
ligroin, in needles melting at 80° ; sublimes readily, and distils with vapour of 
water. By potassium permanganate it is oxidised to o-bromobenzoic acid. The 
cyanide prepared from the bromide with alcoholic potassium cyanide, is, in the crud% 
state, a dark-^lourcd oil. Heated with hydrochloric acid in a sealed tube at 130°^ it 
is converted into bromophenylacctic acid, 0®H^Br.CH*COOH, molting at 102’5°-103° 
(see Toldic acids, p. 2027). The thiocyanate^ C®HHlr.Cir‘'.SCN’, is an oil which does 
not solidify in a freezing mixture. 

i^-ChloTohtnzyl-compounds , — The chloride^ C*.CH*Cl.H.H.Cl.n*, forms long 
white shining needles melting at 29°, having a pleasant aromatic odour, and acting 
strongly on the mucous membranes. It is very volatile, sublimes readily, dissolves 
easily in hot alcohol, also in ether, benzene, carbon sulphide, and glacial acetic acid. 
The bromide^ C®H®Cl.CJl'^Br, prepared from p-chlorotoluciie, melts at 48*o°, and boils 
at 225°-230°. Lir-^hlorohenzyl bromide boils at 28u°-290° ; the corresponding 
chloride at 288°. Tri-T^hlorobenzyl chloride boils at 196° (Jackson i.. Field, Ber, xi. 
904). Beilstfin a. Kuhlbcrg (LuhUfs Animlen, cl. 286), by tresiting trichlorotolueno 
with chlorine at the boiling heat, obtained a trichloDsbenzyl chloride boiling at 273° 
(vi. 282). 

■p~lodohenzyl-compounds » — The IrrmnidCy C®.Cir*Br.H.H.I.H‘‘*, formed by 
heating ^i-iodotolueno in bromine-vapour, best between 116° and 150°, crystallises in 
white flat needles having an art)matic odour, ana attacking tJjifj mucous membranes ; it 
melts at 78'75°, sublimes in needles, is insoluble in water, but dissolves readily in 
liuL alcohol, oilier, bcnzent, ind carbon sulphide. The alcohol^ C®.CH’^OH.H.H.I.H*, 
prepared frcmi the bromide by boiling wbJi water, or from the corresponding acetate 
by means of aqueous ammonia, cryttallises from carbon sulphide in white scales 
having a silky lustre and unpleasant odour ; it melts ait 71’75°; dissolves readily in 
alcohol, ether, benzene, and carbon sulphide. The cyanide, C®HH.C11''CN, prepared 
from the bromide, crystallises in white nacreous plates molting at .60’6°, insoluble in 
waiter, easily soluble in ailcoliol, etlicr, carbon sulphide, and benzene. Heaited at 100° 
with fuming hydrochloric aicid, it is converted into iodophenylacetic aicid, 
C*U^I.CII-.COOH (see o-Toluic acid). The thiocyauntc, C“H'I.CH®.SCN, is obtaiined 
from the bromide by means of potassium thiucyaDutu, as an oil which gradually 
solid ifles, but aifter purification by crystallisation from alcohol, it forms long white 
shining phites molting at 40°. It has a disagreeaiblc odour, is moderately soluble in 
hot ailcohol, eaisily in ether, benzene, carbon sulphide, and glacial acetic acid (Mabery 
a. Jackson, Ber, xi. 65). 

TOXiUSiriSSUXiPBOXrZC ACZDS, C®H*(<^H^)S0®H. The three toluenc- 
snlphonic acids (<?-, m-, and p-) arc formed, together with the corresponding chlorides, 
by treating toluene (1’12 pt.) cooled to 10° with sulphuric hydroxychloride (2’8 pts.), 
the reaction taking place according to the following equation : 

2CHI® + 3SO^Cl(On) = C'HWIl + C^H^SO’-Cl + IPSO* + 2HC1. 

The l)est mode of proceeding is to pour the toluene by successive portions into tho 
cooled sulphuric hydroxychloride. The mixed sulphoiiic chlorides may bo separated 
from tho rest of the product by pouring the whole into ice-cold water; and on cooling 
these mixed chlorides to — 20°, the ^;an/-i’oni pound separates in the solid state, while 
tile ortho- and meta-compounds remain liquid. These chlorides may be converted 
into the corresponding amides, which may bo separated by fractional crystallisation. 
Toluenoparasulphonic acid is obtained from tho corresponding chloride, purified by 
crystallisation from other, by boiling it with water; the ortho- and meta-acids bv 
heating tho corresponding amides with hydrochloric acid, the former at 135°-140°, 
the latter at 150° (Olaesson a. Wallin, Ber, xii. 1848). 

The table on p. 2008 exhibits the properties of several salts of tho three acids thus 
prepared, and of the corresponding amides. 

The three toluenesulphonic acids are also produced by the .action of sulplmrous 
acid on the corresponding diazo-conipoiinds (F. Miiller a. Wicsinger, Bcr. xii. 1348). 
Tho m'^a-ucid is further obtained by debroniiuation of the />-bromotoluene-w-sulphonic 
acid, CH* : SO*IT : Br-1 : 3 produced by tlie action of fuming sulphuric acid 
at 160°-180° on p-bromotoluene ; also by dechlorination of the orthochloro- 
toluenesul phonic acid described by Hiibner a. Majert (p. 2013). 

The following salts and derivatives of the meta- and ortho-sulphonic acids are 
described by Hhbner a. Post {Liebig's Annalen, clxix. 1-69), the description of the 
salts differing in several instances from those given by Clacssoii a. Wallin. 
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Para 

Meta 

Ortho 

C»H’SO»H + H-'O. 
Cxystallises better than the 
isomerides. Long thick 
leaflets, or flat prisms. 
Deliquescent. 

C'H»SO*H + H*0. 
Thin crystalline scales. 
Very soluble and deli- 
quescent. 

C’H’.SO*H + 2ffO. 
Thin leaflets. Very easily 

1 soluble. Deliquescent. 

C'H^SO»K + H*0. 
Long prisms, like nitre. 
Soluble. 

C'H'SO*K + ‘H^O. 
Needles or thin plates, 
united to form nodules. 
Very easily soluble. 

C’n’.so>K + im 
Tables of rhombic or almost 
quadratic habit. Soluble. 

C»H^SO»Na + 3H20. 
Kectangular pllf tes; easily 
soluble. 

C’irSO«Na + H”0(?) 
Long leaflets, very soluble. 

C’H’SO>Na + H’O. 
Plates, easily soluble. 

• C'H’SOUg. 

Long plates, easily soluble. 

C»H^SO*Ag. j C»H^SO»Ag. 

Long leaflets, very soluble. ; Plates, easily soluble. 

(G»H’SO>)‘-’Ca + 4ir-Q 
Crystallises well in ap- 
parently monoclinic 

prisms. Easily soluble. 

(C'n’s63)2Ca + 3H*0. 
Long fine needles; very 
easily soluble. 

(C"H’So»)'ai. 
Separates from its solutions 
^on cooling, in leafy 
crystals. 

(CUPSO»)’^Ba + H-'O. 
Thin laminae. 1 pt. in 26 
water at 12°. 

(C’ll’SO*)«Pb + ffO. 
Crystalline scales, sparingly 
soluble. 

(C»H’SO*)*Ba + H‘-0. 
Tufts of slender needles. 

1 pt. dissolves in 4*8 pts. 
water at 12°. 

(C’IP!30»)*Ba + H^O. 
Crystallises indistinctly, 

1 pt. in 4*4 water at 12°. 

(C^H’SO’)*Pb. 

Long needles, moderately 
soluble. 

(C^H»SC»)2Pb + 3H“0. 
Kectangular plates, easily 
soluble. 

(C'H‘SO»)=Mg + 6H'^0. 

(C>H’SO»)»Mg + 8H*0. 

(0'H'SO')“/n + TH^O. 
Boctangular leaflets. 

(C’H’SO»)»Mg + 7 IPO. 

(C'H»SO»)=Zn + 6H*0. 
Four-sided pointed prisms. 

(C'H’SO>)’'Zn + 711*0. 
Large primus. 

(C’H’SO»)=Cd + 6H'0. 
Larfifo rectangular plates. 

(C»H^SO*)«Cd + 6H20. 
Small oblique-angled plat es. 

(C’H’SO»)*Mn + 7H'0. • 
Plates, or radiating tufts. 

(C^H'SO=')'Cd + 2H20. 
Small rectangular plates, 
very soluble. 

(C’H’SO=‘)'‘Mn + 6H'^0. 
Large rectangular plates. 

(C’H'SO*)*Mn + 2IPO. 
Square plates. 

(C»H»SO»)*Cu + fiWO. 
Needles and oblique-angled 
plates. 

(C’H'SO»)*Cu + 4H*0. 

Leaflets. 

4 

(C’H^SO=«)2Cu + 4H='0. 
Six-sided leaflets. 

C'H^SO*NH*. 

Crystallises from water and 
alcohol in leaflets. Spar- > 
ingly soluble in water; 
more so in alcohol. 1 pt. 
amide in 515 pts. of water 
at 4°, or in 13*6 pts. of 
alcohol at 5°. M. p. 136°. 

C’H’SO^NH*. 

Crystallises from alcohol 
and W'ater in long, leafy 
forms. Sparingly soluble 
in water; more so in 
alcohol. 1 pt. amide in 
248 pts. water at 9°, or 
in 67 pts. of alcohol at 
5°. M. p. 107°-108°. 

c»h’so4h*. 

From water and alcohol 
in quadratic octohodrons 
and prisms. Insoluble in 
cold water ; sparingly 
soluble in alcohol. 1 pt. 
amide in 958 pts. water 
afr 9°, or in 28 pts. of 
alcohol at* 5^’. M. p. 
163°-.164° 
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Toluenemetasulphonic acid^ C®.CH*,H.SO*H.H*. — The barium salt,, 
[C®H^(CH®)S()*]*Ba f 2H*0, is very soluble in water and alcohol, and forms a crys- 
talline powder. The kad salt, [C®H\CH*)SO*]-Pb + 2H*0, crystallises from a concen- 
trate aqueous solution in thin plates groups in rosettes, and from absolute alco- 
hol in long needles. The calcium salt, [C®H*(CH*)S()*]*Ca, is veiy soluble in water. 
On heating a concentrated alcoholic solution, the salt separates in small glisteningf*# 
plates, which redissolve on cooling. The sodium salt, C*H^(CII*)SO*Na + ^lI®0, is 
very soluble in water, and crystallises from absolute alcohol in large shining plates. 
The potassium salt, C®H*(CH®)SO*K + JH^O, is a similar compound, crystallising 
from alcohol in plates resembling napiiLiialeno. 

Metatolmnesulpho7iio chloride, C®H^(CH*)SO=Cl, is a limpid pale-yellow liquid, 
liaving a penetrating smell. It does not solidify at — 10°, and is not decomposed by 
water even at 130°. Ammonia converts it into C*H^(CII*)SO*.NH®, crystallising 
from water at 40° in large plates, and at 20° in thin needles h . el ting at 90°-91°. 

Mctatolyl sulphydrate, C®II®(CII®)SH, is formed by acting with tin and hydrochloric 
acid on the chloride. It is a heavy refr.ictive liquid, having a pow^^rful smell, and 
attacking the skin. Boiling dilute nitric acid converts it into ' the disulphide, 
[C®H'(CH*)S*], an oily liquid boiling at about 150°. 

Tolueneorthosulphonic acid, C*.CH®.SO®H. M obtained by the action of^ 
water and sodium-amalgam on i3-parabromotoluenesiU phonic acid, forms very soluble 
Kilts. The lead salt, (C’IFS()®)‘'^Pb + 4H®0, crystallises in needles. The barium salt, 
(C^H"SO®)‘‘'Ba + 4ir‘*0, and the potassium salf, C'H’SO®K + H®0, form monoclinic 
plates ; the anhydrous sodium salt crystallises in needles. The chloride', C^H^SO^.Cl, 
is an oily liquid. The amide, which is freely soluble in water, alcohol, and ether, 
crystallises in monoclinic p’ itcs molting at 152°-153°. 

Orthotolyl Sulphydrate, C®.CH®.SH.H®, prepared by treating the chloride of the 
brominatod acid just described with tin and hydrochloric acid, and the resulting 
liromotolyl sulphydrate with sodium-amalgam and al'^ohol, crystallises from alcohol 
in soft glistening plates insoluble in water. Jtslead salt, [C®H^(CH*)S]®Pb, is a bright 
brick-red precipitate which readily absorbs oxygen and turns white (lliibncr a. Post). 

Tolucncparasulphonic acid, C®.CH®.H.H.SO®IT.H®, is converted by fusion 
with sodium formate into paratoluic acid, the reaction being similar tx) that by 
which toreplithalic acid is formed from parasulpho benzoic acid : C’ll’.SO*II + 
CJINaO- — C*ll"0® + SO®llN;i, The yield is small, but paratoluic acid is the only 
product (Bemsen, Ikr, viii. 1412). 

Toluenedlsulplioiiic Acids, C®H®(SO®fI)^.CH®. The table on p. 2010 exhibits 
a comparison of the properties of the a- and jS-disulphonic acids obtained by ITakansson, 
and the y-acid by Seiiliofcr (vii. 1170, 1171). 

Gnchni a. Ferrer prepare {Bcr, x, 642) toluenedisulphonic acid by adding 1 pt. of 
txiluonc by small portions to 3 or 4 pts. of sulphuric anhydride melted in a capacious 
flask by means of hot water ; then heat the mixture to 160°-180° for two hours, and 
ultimately for a short time at 200°. The diirk syrupy liquid thus formed contains a 
disulphonic acid which appears to be identical with Hakansson’s a-acid. The same 
acid is formed on pis.sing the vapour of toluene into sulphuric acid heated to 240°. 

Bromotoluenesulpbonlc Adds, C®ll®Br(SO®H)CIP (Hiibner a. Po.st, LirMy's 
Ammkn, clxix. 1-69). (1). Parabromotoluenc dissoh’ed in fuming sulphuric acid, 

either at a temperature not 03^cecding 80° or at 160°-180”, yields two nionosulphonic 
acids, distinguished as a and j3, the constitution of w'hich is as follows : 

CH’ SO*H Br 
o-acid . . .1:3:4 

iS-acid . . .1:2:4 

The two acids may be separated by recr^ .itallisation of their barium salts, that of tliii 
a-acid being much more soluble than the /B-saP 

ei^Paralromotolucnc-sulphonic acid is a very soluble, crystalline laminated 
nia8.s. The barium salt, [C"H®Br(CH®)SO*]®Ba + 7H'0, forms colourless, well-defined, 
long and compact rhombic needles. The lead salt, [C"II®Br(CH®)SO*]®Pl) + 3H®0, is 
obtained from a concentrated solution in long needles, which, when recrystallised 
from a dilute solution, are converted into small, light yellow, compact rhombic plates. 
The strontium salt, [C®H®Br(CH*)SO®]’^Sp+7H®0, crystallises in hard, four-sided 
pyramids. 

The a amide, C®H®Br(CH*)SO®.NH®, obtained by treating the impure chloride of 
the acid with solid ammonium carbonate, and then adding concentrated ammonia, 
dissolves sparingly in cold water, freely in alcohol, ether, and hot water, and crystal- 
lises in long, soft, silky needles, molting at 151°-lf’»2°. 
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a-Acl(l 

^-Acid 

y-Acid 

Free acid . 

Viscid ; bears a heat 
of more than 100° 
without decom- 
position. 


Viscid, mixed with 
crystals ; decom- 
posed at the heat 
of a water-bath. 

Potassium salt . 

Firmly coherent 

crusts ; crystals 
with faces curved 
like a weaver’s 
shuttle ; contain- 
ing 1 mol. IPO. 
which is scarcely 
given off at 160®, 
certainly not at 
110®. 

Nixlular groups of 
midroscopic crys- 
tals. 

Short, well-defined 
prisms containing 

1 mol. H*0 ; giving 
off water and be- 
coming opaque on 
exposure to the 
air. 

Ammonium salt . 

Beautiful limpid six- 
faced prisms or 
tablets, containing 

1 nol. H'^O. 

Small thin tablets. 

Easily soluble 

needle - shaped 
crystals, often ap- 
pearing crossed. 

Barium salt. 

Crystallises with 
difficulty in small 
prisms, contiiiiiing 
at 17° pt. 

water to 1 pt. salt ; 
at ordinary tem- 
peratures 1 J to 2, 
at 100° 1 mol. 
water. 

Indistinctly cryScal- 
line erusfs, con- 
taining 1 mol. 
II'-'O ; the solution 
at 15° contains 
11*66 pts. Mater 
to 1 pt. salt. 

Easily soluble crys- 
talline pulp ; ill 
the air-dried state 
it contains 3JIPO. 

Cadmium salt 

Radio- crystalline 
mass, or long 
slender needles. 

— 

Easily soluble 

gummy mass. 

Silver salt . 

Colourless, rather 
large crystals, with 
curved faces. The 
only anhydrous 
salt. Blackens 

slightly when ex- 
posed to light. 


Yellow crystalline 
deposits, gradually 
blackening when 
exposed to light; 
contains 2 mol. 
H*0 ; difficult to 
obtain in the 
anliydrous state. 


I 

a-Nitro-^^womotoluenesulphonic acid^ C*IPBr(NO*)(CH®)iSO*H, produced by adding 
the anhydrous barium salt to warm fuming nitric acid, crystallises in small, pale- 
yellow, deliquescent noodles, and forms very soluble salts. Its barium, salt, 
[C«H*Br(N0*)(CH»}S0>]'^Ba + H20, separates by slow evaporation in thin yellow 
iV>edles, and from a concentrated solution in crystals resembling sal-ammoniac. The 
had salt, [C®H*Br(NO*)(CH’)SO*]‘^Pb f 2iH‘0, crystallises in colourless, glistening 
octohedrons, or sometimes in needles, whicn also contain water, but are more soluble in 
alcohol than the oepohedrons. The strontium salt, [C"H*Br(NO*)(CH’).SO®y-'iSr + 
crystallises in thin, fan-shaped noodles. The sodium salt, C*H*Br(NO'‘*)(CII*)SO*Na, 
forms long and very thin noodles. 

or-Parahronwsulphohmzoicacid, is prepared by boiling potassium o-parabromotoluene- 
su^honate with a chromic acid solution. On concentrating the solution, the salt 
C*H*Br(CO-H)SO’K + H*0 crystallises out in thin needles. The barium salt, 

C*H*Br|gQg|Ba -4- iH*0, crystallises in thin, glistening plates; the salts 

C«H*Br I gQ,* I Ca, and C® IPBr | | Pb + 2H*0 form small needles. • 

Q-Parabromotoluenesulphonic acid is readily soluble in water and alcohol, 
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sparingly in ether, and forma a crystalline laminated mass. It is not converted into an 
i somenc modification by heating it to 2 1 0®. Its barium salt, [C*H*Br(CH*)SO*]*Ba -f H*0, 
crystallises, when a dilute solution is slowly evaporated, in hard, compact plates, and 
from a concentrated solution in very thin and brilliant plates. If it be mixed 
with one of the isomeric salts, or with the calcium salt, it separates from a concen- 
trated solution as a white powder. The lead sail, ('C®H*Br(CH®)SO®]*Pb + 3H-W, 
cr^’stallises in silky, stellar noodles. The calcium salt, [C®H®Br(CH®)SO'*]‘'Ca + 4H20, 
is very soluble, and forms either thin, long rhombic needles, or compact plates. 
The smium salt, C®H*Br(Cli*)SO"Na + H-0, crystallises in thin, transparent, four- 
sided prisms. The magnesium [C*H®Br(CH*)S0*]''*Mg + 8.JH*0 (?), forms soft, 

silky tufts, and [C®H*Br(CH®)SO®]-Sr + H*0 thin plates. The copper salt, 
[C*fl*Br(CH®)SO*]*Cu -f 7H‘“(), crystallises in largo, pale-blue plates. 

The ^-chloride, C®H®Br(CH®)SO‘^Cl, obtained by the action of phosphorus penta- 
rhloride on the acid or its sodium salt, crystallises from chloroform in plates, melting 
at about 35®, and having a peculiar smell. 

The fi-amidc, C®IPBr(CH®)SO‘^.NIP, crystallises from water jn long, slender, 
glistening needles, melting at 166®-167®. 

^-JSitrohromotoluenesulphonic acid, C®H*Br(NO*“) OIl*)SO-H, formed by adding 
dry jS-parabromotoluenesulphonic acid to warm fuming nitric acid, crystallises 
fi-cjm ether in deliquescent scales, having a very liittor taste. Its barium safl, 
|C®H*Br(N0'‘‘)(C]P)S0®]'“Ba + 2H*0, crystallises in warty needles. The lead salt, 
[C"H‘Br(N0'-)(CH*)S0®]''*Pb + 3H20, separate from solution in other-alcohol in thin, 
colourless needles. The copper salt, [C®IPBr(NO")(CIl*)SO®]-Cu + 6H“0, forms 
microscopic, four-sided gjN.cn prisms. The silver salt, C'*H“Br(NO-)(CH®)SO"Ag, 
is a precipitate col isiing of glistening scales. Tho strontium salt, 
[C"H2Br(NO*‘)(OH=*)SO®]*Sr -. 711^0, dissolves freely in water and alcohol, and forms 
small yellow needles. The sodium salt is very soluble, and could not bo obtainodjn 
distinct crystals. 

B‘Parahromosu Iphobenzaic acid, C®H®Br(SO*H)CO* I f . — When jS-parabromotoluene- 
sulphonic acid is lioilod with chromic acid mixture, a large portion is completely 
destroyed, while anf»ther is slowly oxidised to the corresponding benzoic acid, whieii 
forms a deliquescent mass, and yields very soluble salts. The barium and calcium 
salts consist of microscopic plates. 

Orthohromotoluene-metasnlphonic acid, CIP : Br : SO®JI =1:2:3 or 
1:2: 5. — Orthobromotolueiie, gently hejitod with fuming sulphuric acid, yields only 
one sulphonic acid, the barium salt of which, when treated with sodium-amalgam, 
yields rac/’ci-tolucncsulphonic acid : hence tho constitution of the orthobromosulphonic 
acid must bo represented by one of the formulae above given, but tho reactions hitherto 
studied do not enable us to decide between them. The salts of t his acid crystallise 
well, and do not give off their water of crystallisation till heated above 100® ; only a 
few of them give it off over sulphuric acid. The barium salt, [C'’ll“Br(ClP)S()*]“Ba + 
2H^O, forms rhombo’idal plates ; the strontiu7n salt is a very similar body. The 
calcium salt crystallises very slowly from a concentrated solution in compact rhombic 
six-sided plates containing 2H*0. Tho lead salt crystallises, with 211-0, from very 
strong solutions in very thin small plates, and from a dilute solution in tufts ciif 
needle-shaped crystals. The sodium salt, (J®H*Br(Cll®)SO*Na-f JH*0, forms well- 
defined brilliant rhombo'idal plates. The poiassiu?n salt crystallises, also with 
in plates or short thick whice- needles. Tho copper salt is very soluble, and crystal- 
lises ill very thin light-coloured plates ; tho sine salt in small glistening needles ; the 
magnesium salt in small scales. 

The chloride, C®H*Br(CH*).SO'‘*Cl, prepared by treating the dry sodium salt with 
phosphorus pentachloride, forms a cry.st{illine mass, consisting of needle-shaped 
crystals, and having a pungent smcL. It crystallises from ether in large plates, 
melting at 52°-53®. It is but slowly acted upon by caustic soda or boiling ’water, 
dissolves sparingly in concentrated sulphuric acid, and without change in fuming 
nitric acid. At 250° it begins to lioil, and at 260® it is decomposed into charcoal, 
sulphur dioxide, and C®ll*BrCl(CIP). When heated with w'ater at 200® for several 
dsiys, it is reconverted into orthobromotolucno-sulphonicacid, no isomeric modification 
being formed. 

The amide, C®H*Br(ClP)SO*.NH*, is sparingly soluble in cold water, more freely 
in boiling water, very readily in alcohol and ether, and crystallisc^s in long glistening 
needles, melting at 133®-134°, and boiling, with decomposition, at about 290®. 

Orthohromotolyl C*H*Br(0H*)SH, is formed by boiling tho chloride 

with tin andjiydrochloric acid. It is a rofractiyo limpid liquid, having a peculiar 
smell, and boiling with decomposition, but volatilising with steam. The lead salt is 
a bright yellow precipitate. On healing the sulphydratc wdth dilute nitric acid, or 



2012 TOtiUENESULPHONlO ACIDS (BROMO-). 

acting on the sodium salt with alcoholic iodine, the diaulphidct (G*H*Br(CH''')S)^ is 
formed, crystallising from alcohol in small needles, and from a mixture of xylene and 
alcohol in long needles melting at 66°-58®. 

(htholrronwniirotolwnesiidphonic aaid is a deliquescent mass, readily soluble in 
alcohol and ether. The free acid, as well as its aalts, has a very bitter taste. The 
following four salts crystallise from water in microscopic but well-defined crystals : 

[C«H2Br(NO*)(CH»)SO»]2Ba + ‘iH^O, 

[C*H*Br(NO'-‘)(OH»)SO*]Pb + 2H*0, 

[C‘‘H2Br(N02)(CH*)SO*f’C‘^ 

C«H*Br(NO*)(CH»)SO»K. 

C®H®Br(N0®)(CH*)S0*Na + H‘‘*0 crystallises in tufts of long needles, and is less 
soluble in water than the preceding salts. 

Orthobronwmlphohemoic acid, C®H*Br(SO*H)CO^H, was prepared by oxidising 
the barium salt of the corresponding toliienesulphonic acid with chromic acid solution. 
Its potassium salt, C*H®Br(CO*H)SO®K + JH-0, crystiiUiscs from water in thin plates 

resembling naphthalene. The Wmw C*H*Br|gQ 5 |Ba + 2H*0, separates, on 

adding alcohol to the concentrated ,solution, in tufts of glistening and very thin 
needles. When treated with sodium-amalgam it yields toluone-metasiilphonic acid. 

The 5a?/, C*H*Br|gQs |Pb + 2H‘‘'0, forms small white glistening needles; the 
calcium salt is very soluble, and forms Iffng silky needles. 

Orthohromotoluencparasulphonic acid, CIP : Br : SO’H = 1:2 ; 1, is 
formed by the action of hydrobromic acid on the diazo-eomiJBIhnd, C^K" | pro- 

duced by passing nitrous gas into a mixture of equal volumes of water and alcoliol in 
W'hich ortbotoluidine-parasulphonic acid is suspended (p. 2017). Its potassium salt, 
eWBrSO^K, forms nodular gr()u{)S of microscopic very soluble needles. The barium 
ifl?/, (C'H“BpS0*)2Ba + 2H‘0, crystillises in irregular microscopic plates, which dis- 
solve sparingly in cold water, and do not give off their water over sulphuric acid. 
The ?ca(/ salt, (C^H"BrSO’)'^Pb + 2.^1PO, forms nodular masses without recognisable 
crystalline form. It dissolves sparingly in cold water, and gives off part of its 
crystallisation -water over sulphuric acid. The cJdoride molts at .54® ; the amide 
separates from hot water in microscopic prisms which melt at 161®, dissolve sparingly 
in water, easily in alcohol (Hayduck, JAehig's Annalen, clxxii. 206). 

Nitro-orthohromotoluene-parasulphonic acid, C*.CH’. Br.N 0 “.80*11. H. 1 1, 
OP C*.CH*.Br.H.80*H.i^0*.II, is formed by the action of hydrobromic acid on the 
nitro-diazotoluenosulphonic acid obtained by adding orthotoluidine-parasulphonic acid 
to cold fuming nitric acid (p. 2017); also by nitration of orthol)romotolucne-/7-8ulphonic 
sicid. It remains on evaporation as a cx)mpuct mass of microscopic noodles easily 
soluble in water and in alcohol. The barium salt, [C'IPBr(NO“)SO*]’“Ba + SH-'O, 
crystiillises in tufts of needles which have a satiny lustre, are sparfhgly soluble in 
cold, easily in hot water, and do not give off any water over sulphuric field. The 
chloride crystallises in microscopic needles; the amide, C^H*Br(NO*)SO‘*NlJ®, separates 
from alcohol in long needles easily soluble in water, sparingly in boiling alcohol. 
Both these compounds when heated dewjitipose without previous fusion. 

The nitro-ficid is converted by ammonium sulphide into^an amidorthobromotolueno 
parasulphonic acid — obtained, however, only in an impure and amorphous stfite- - 
which is converted by sodium-amalgam into metatoluidinc-parasulphonic acid, 
CH» : NH* : SO*H.= 1:3:4 (Hayduck). 

Trihromotolueiee-parasulphonic acid, CH* : Br : Br : SO*H : Br = 
1 :j2 : 3 : 4 : 6 or l : 2 : 3 : 4 : 6, is obtained by evaporating diazotoluene-par;i- 
sulphonic acid with hydrobromic acid, as a yellowish deliquescent mass. Its 
barium salt, (C’H*Br*SO*)*Ba-t- crystallises in white nodules very slightly 
soluble in water ; the potassium salt, C’H*Br*S()*K, in dazzling white needles, very 
soluble in hot, much less soluble in cold water. The chloride is an uncrystallisablo 
viscid oil ; the amide, a reddish non-ci^stalline powder, nearly insoluble in boiling 
water (Hayduck, LkhUfs Annalen, clxxiv. 354). 

Metabromotoluenesulphonic acid.— The action of sulphuric acid on meta- 
bromotolnene might give rise to four isomeric acids, viz., CH* : Br : SO*H — 1 : 3 : 2, 
1 : 3 : 4 , 1 : 3 : 5, and 1 : 3 : 6 ; and, ac(K)rding to Wroblewsky (vii. 1172), throe of 
these are actually produced. Grete, on the other hand {Bee. vi. 790 ; viii. 66.5 ; 
Liebigs Annalen, clxxvii. 233), finds that this reaction gives rise to only one sulphonic 
acid, the salts of which exhibit the following characters: — The mrium salt, 
(C’H^rSO*)®Bfl. crystallises in laminae resembling naphthalene (Wroblewsky’s 
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/3'Salt), the first and last crops of crystals being exactly alike. The 8tr<yiUium fdlt^ 
(C*H®BrSO*)*Sr + H*0, forms nodirlar groups of short triangular colourless laminae, 
hygroscopic in the anhydrous state. The calcium salt, (C’H*BrSO*)'^Ca4- 2H*(), 
crystallises in large, transparent, shining, six-sided priamsi often flattened to long 
six-sided plates, which under the microscope are seen to bo of rhombic form and \wy 
sharply defined.. .The anhydrous salt is scarcely at all hygroscopic. The magne^m 
•salt, (C’lI“J3rSO*)*Mg + GH'-'O, crystallises in concentrically radiate groups of snow’- 
white shining needles which do not give off their water till heated above 200^. It 
is very soluble and extremely hygru'-'-opic. The copper salt, (O^H®BrSO*)*Cu + 4H'‘'0, 
forms pale blue rhombic tablets dlten grouped in rosettes. Its neutral solution has 
a fine green colour, and the solid salt, when dehydrated at 220®, acquires a splend’d 
dark green colour changing to light green on cooling. At 250° it turns brown. Tiie 
lead salt, (C’H*BrSO®)2Pb + 3H‘-‘0, has the aspect of potassium chlorate, and appears 
under the microscope to consist of sharply defined tablets groupoil in rosettes. Thu 
potassium salt is extremely soluble in water, and is precipitated from the solution 
by alcohol as an oily liquid which solidifies on trituration to ij* crystalline mass. 
When fused with potash it yields salicylic acid (Grete). 

A bromotoluGneinetasulph&iiic add is formed by the action of alcohol underpressure 
SO* N. 

on the diazo-compound obtained from bromoparatoluidinc-me^ii- 

sulphonic acid (p. 2021), and forms, after purification, a colourless crystalline mass. 
Its potassium salt, C’H“BrSO*K, crystallises from a moderately dilute solution in fine 
prisms. The barium salt, 2(Cni®BrSO*)*Ba^ 711*0, fornjp long thick needles slightly 
soluble in cold water. T\\m lead .sa/^, (C'H*13rlSO®)'*Pb + 311*0, crystallises from hot 
water in groups of long »*C( dies, sparingly soluble in cold water. The chloride melts 
at 63® ; the amide at 134® Pechmann, Bcr. vii. 1718). 

CtaloTOtoluenesulplionlc ikclds, C'II'C1S()*-C«H*C1(S0*H),CH*. From the 
mixture of chlorotoluencs prodmjed by passing qhlorine into toluene in presence of 
iodine, Vogt a. Ilenniger obtiiined, by the action of fuming sulphuric acid, two iso- 
meric chlorosulphonic acids (vii. 878, U72). and more recently lliibner a. Majcrt 
{Bir, vi. 790) have in like manner obtained throe chlopc>toluenesulphonic acids, which 
may be separated by moans of their barium stilts. 

Ortho(‘hlorotoluenesulpho7iic acid. — The potassium salt of this acid, 
C^IPdS0*K + iIl*0, crystallises in large colourless quadratic tables, truncated at 
the summits, arid having a nacreous lustre; becomes anhydrous at 100°; is more 
soluble than either of the three preceding salts. The sodium salt resembles the 
potassiuni salt in appearance and in its amount of water, but is more soluble. The 
ammoitium salt, C4PC1»S0*NI1‘* + 11*0, forms rosettes of dull colourless needles. The 
barium salt, (C’H®Cl!SO*)‘*Ba + 211*0, forms small, somewhat elongated lozeuge-shaped 
laminae, often with truncated summits, and usually grouped together by their narrow 
edges. They have a strong lustre when dried, and become anhydrous at 180°. The 
calcium salt, (,Cni*ClSO*)*Oa + 2H*0, forms radiate groups of long flat crystals, 
truncated at the ends, 'fho lead salt, (CG1"C1S0*)-Tb + 211*0, forms rosettes of short 
compressed ueedie.s, triiiicyitcd at the ends, and having a strong lustre. The copper 
salt, (CUI*‘ClSO*)Pu+ Jll*0, forms well-dc^fiued thick blue crystals of the regular 
system. The cuprammonium salt forms small regular crystals of a splendid dark blue 
colour. 

This chlorotoluenesulpkonic acid yields by oxidation an orthochlorosulpho- 
bonzoic acid, the acid potassium salt of which, C*H*C1(S0*K)(C0*I1) + J !'-(), crys- 
tallises in felted groups of slender a.sbestos-liko nee<lles ; the normal barium salt, 
C''H“Cl(SO*BaCO*)-f' 211*0, in indistinct stellate groups of small needles; and the 
Qiormal lead salt, C®lPCl(S0*PbC0*) + 2H*0, in indistinct iiodufts. 

By the action of sodium-amalgai", the orthochh^rotoluencsiilphonic acid is fon- 
vorted into toluenemetasulphonic acid (p. 2008). Hence its constitution must ba 
CIP : Cl : S0»H= 1 : 2 ; 3 or 1 : 2 : 5. 

a.’Farachlorotoluenesulphonic acid. — The barium salt, (C^H®ClSO*)*Ba + 
^H*0, forms long pointed needles which on recrystallisation yield groups of small 
highly lustrous laminm with tnincatod summits. It dissolves in 7 pts. water at 14'5®. 
The sodta sai^, C^H'*ClS0*Na + 6 H*0, forms long pointed needles, or small highly 
lustrous elongated quadrilateral crystals with truncated summits. 

fi~Parachlorotoluenesulphonic acid.—The potassium C'H®C1S0*K + 
11*0, crystallises only from very strong solutions in delicate colourless needles having 
a silky lustre; it readily forms supersaturated solutions. The barium salt, 
(CWClS0*)i|iBa + H*0, forms thick amber-yellow nodules or transparent crystalline 
crusts or colourless microscopic laniiiiae. The calcium salt, (6H*0), forms rosettes of 
small truncated tables or small elongated ofiiorescent laminae. The lead salt, (8H*0), 
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forms roBettes of snow-white needles. The copper salt, (TH^O), forms large light blue 
brittle laminae. The cuprammonnm salt forms crusts of small thick ciystals having a 
deep indigo-blue lustre and efflorescing in the air. 

The barium salts of the ortho- and of the /3-pnrnchlorosulphonic acid agree in 
crystalline form and amount of water with tho corresponding salts of the brominatod 
acids. 

Xodotolneneanlplioiilo Acids. Paraiodotoluene, like the corresponding 
bromo-compound, when treated with sulphuric anhydride, yields two isomeric sul- 
phonic acids. ^ 

fi'Paraiodotoluenesulphonic acid, C®H*(CIP)I.SO®H, is prepared by very 
gradually mixing paraiodotoluene with the calculated quantity of sulphuric anhy- 
dride, both dissolved in chloroform. It is a colourless, deliquescent, crystalline mass, 
which does not give up any iodine to caustic soda-solution at 200°. Its potassium 
salt, C'H^I.SO^K + H‘0, forms shining, very soluble laminae. The sodium salt, 
C’H®I.SO*Na + JIPO, forms dense aggregates of whotstonc-like very soluble crystals. 
The AarZ/m \C’H'‘ISO®)‘fBa + H"0, crystallises in thin laminae: it is the leiist 
soluble of tho salts of this acid. The calcium salt, ( + 3H-0), forms very soluble 
needles having a silky lustre; the copper S£tZ/, ( + OH^O), light blue easily soluble 
itfedles. The amide, C’H*I.SO*NIP, forms colourless crystals, which melt at 178° ■ 
179°, dissolve in hot water, and more readily in alcohol. 

Tho barium salt of a-Paraiodotolmnemlphomc acid separates from the last mother- 
liquors of the jS-salt after prolonged sojorarn over sulphuric acid, in long, colourless, 
very soluble needles, which have the composition (C'H®bSO")-IJa + 4 H'-’O, and retain 
the same amount of water on reery stall isation (TT. (flassner, Bee. viii dOO). 

xritrotolaenesulplioiilo Acids. Pa r ani t no tolne near tho snip honic 

acid, C®.CH*.SO®H.H.N()*.H% which lleilstein a. Kuhlborg obbiined by tlie action of 
fuming sulphuric acid on ;j*nitrotoluone (vii. 117^f), crystallises from water in trans- 
parent, well-defined, rhombic tablets or prisms, which have the composition 
C'H“(N0*)S0®H-|-2JII"0, give off their w'ater at 130°, and melt at 133*5°. From a 
solution strongly acidulated with sulphuric .acid, it separates anhydrous, and then 
melts at 130°. It dissolves easily in water, alcohol, ether, and chloroform. 100 pts. 
of the aqueous solution contain 67'71 pts. of the hydrated acid at 23°, .and 71*45 pts. 
at 28°. The barium and Uad salts have the composition assigned to them by Heilstein 
a. Kiihlberg; the latter, however, when dried over sulphuric acid or at 120°, gives 
off only lJH-0, the rest at 190°. Tho potassium and ammonium salts form 

long, slender, anhydrous noodles. The chloride, C’H"(NO'^)SO*01, crystallises from 
ether in rliombic tablets melting at 43° to 44*.5°, dissolves readily in ether and in 
chloroform, sparingly in alccliol. The amide, C^Il“(NO‘).8()'‘^NH^ separates from 
aqueous solution in long brittle needles melting at 186°, sparingly soluble in aleoliol, 
etlicr, ;ind cold water, more readily in hot water, still more in ammonia. By reduc- 
tion with hydrogen sulphide it yields tho corresponding amido-acid (Jenssen, Lieh, 
Ann. clxxii. 230). • 

Hart Ji. Ilemsen {Per. x. 1046), by tTo.iting paranitrotoluono with fuming sul- 
phuric acid, obtained two isomeric mononitro-acids, separable by means of their 
calcium salts, the solution first defKjsiting long needles having the composition 
[C’H®(XO*)SO*]“Ca + 4n'-'0, and afterwards, together with tliese, large monoclinic 
prisms containing 6H‘0, which retained their form on recrystallisation. Which of 
t hese two salts is derived from Beilstein a. Kuhlberg’s acid fs a point not yet doterminod. 

Blnltrotoluenesulpbonlc Acids, C'*H2(N02)2(S0»n).CH» (H. Schwanert, 
clxxxvi. 342 ; /Irr. x. 28), When a mixture of toluene .and fuming sul- 
phuric acid, which ccfiitains p- and o-toluenesulphonic acids — or a mixture of toluene, 
fuming sulphuric acid, and strong nitric aci(\ which contains o-nitrotoluenc-p-siil- 
phonic acid (in excess) and />-nitrotoluene-o-8ulphomc acid- is boiled for some time 
with strong nitric acid, tw'o dinitrotoluenesulphonic acids are produced. The dinitro- 
tolueneorthosulphonic acid produced from the o-nitrotolnene-p-sulphonic 'acid— and 
therefore the more abundant of the two — is easily purified by means of the sparing 
solubility of its barium salt ; less easy to purify is tho dinitro-acid obtained from 
paranitrotoluene-ort-ho-sulphonic acid, the barium salt of which is a pale-yellow*, 
easily soluble, granular mass, having, when dried over sulphuric acid, the composition 
[C^H»(NO*)*SO*]*Ba + 4IPO. 

Dinitrot oluene-parasulphonic acid, the only one of tho two which has yet 
been exactly investigated, is prepared as follows : To a coolpd mixture of 200 g. 
toluene with an equal volume of fuming sulphuric acid is added, at first by drops, 
about I kg. nitric acid of sp. gr. 1*5 ; the mixture is heated in a retort A long as red 
fumes are given off; and the distillate is then poured back, this treiitment being 
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repeated five or six times, and finally the nitric acid is distilled off as completely as 
possible. The residual liquid, which solidifies on cooling, is mixed with twice its volume 
of water, which separates a small quantity of dinitrotoluene ; the liquid is filtered, 
strongly concentrated, and redissolvcd in water ; and one-fourth of the solution, after 
neutralisation with lead carbonate, is mixed with the remaining three-fourths. The 
solution filtered from the lead sulphate —which is free from lead — is then mixed wiCi 
a strong solution of barium chloride, whereupon it deposits, together with a little 
Imrium sulphate, crystalline barium «liiiitrotolueneparasulphonate, which may be puri- 
fied by recrystallisiition from hot waf -^r. The average yield of this salt is 330 grams. 

The acid separated from this sait by sulphuric acid, crystallises in pale-yellow 
rhombic prisms, CUI*(N02)*S0®H + 2ITO, which soon change to a sandy powder; 
when very slowly separated, however, it does not exhibit this latter character ; it 
acquires a sulphur-yellow colour in sunshine, and slowly becomes moist on exposure 
to the air. Its taste is very sour and bitter. It begins to soften at 110°, gives off 
its water of crystallisation at 140°, and melts at 165°. It is very soluble in water, 
alcohol, and ether. Its salts are for the most part but slightly soluble, become 
yellow to brownish on exposure to the air, and detonate sharply when heated. 

The pota8»ium salt, C^H^NO‘‘‘)‘‘*SO*K, obtained by decomposing the barium salt 
with potassium carbonate, crystallises from water in long white rhombic prisms ; 
from alcohol in small, shining, strongly refnictive plates. It dissolves in 191 pt». 
water at 14'5°, in 1190pts. 94 per cent, alcohol at 22°, more freely in the same 
liquids sit their boiling points, but is insoluble in ether. The ammonium salt, 
C'Il*(NO‘*)^SO=*Nli-', obtained by neutralissitioh, forms white, flexible, rhombic prisms 
soluble in 24 pts. water at 18°. The harium salt, + 4ITO, 

crystallises in white silhy prisms, which have a very bitter taste, and do not give off 
their water completely helo'^ 160°. The calcium salt, |C’H'’(NO‘^)‘-S()*]-Ca + 2H*0, 
forms groups of white needles and scales. The lead salt, obtained by neutral- 
ising the acid with lead carhonate, crystallises from hot aqueous solution in warty 
groups of yellowish noodles containing [C'H^(NO‘*/‘SO®]'Pb + 211-0 ; from the con- 
centrated mother-liquor in yellow laminae with 3 rnols. H‘-0. The copper salt, 
[C41'(N0‘‘)‘“S0^]* + 411*0, forms blue-green oblique rhombic prisms which give off 
their water at 160°. 

The chloride, CUI*(NO*)-SO‘-Cl, is prepared by halting the pottissiurn salt with 
phosphorous pentachloride in a sealed tube at 150° for soveral hours, washing the 
viscid product with hot water, pressing and drying the residue, and exhausting the 
residue with boiling ether. It crystallises from ether in slender needles or long 
rhombic prisms, which melt at 123°-125°, and dissolve also in alcohol. 

The amide, C^H-’(NO*)'-SO*NJI'-, prepared by the action of ammonia on the 
chloride, and purified by rocrystallisatioii from hot aminoniacal water with the aid of 
animal charcoal, forms white laminar crystals rcjseinbling those of benzoic acid ; from 
alcohol it crystallises in rhombic needles. It is slightly soluble in hot water, becomes 
coloured when dried in the air, and melts at 203° 

m 

Amldotoluenesulphoiiic Acids, or Toluldinesulplionlc 

Ac i ds, C-n^NSO* = C«H»(CII*)(Nir0(SO»H ). 

(1). Ortbotoluldlne-metasulplioiilc Acid, most probably 
CR* ; NH* : SO*lI= 1:2:5. This acid is obtained: o. Together with a small 
quant ity of a more soluble isomeride, by heating orthotoluidino with twice its weight of 
fuming sulphuric acid at ]f’60°-180° (Gerver, Liebig's Annalen , 373). /3. Hy 

tlie action of lieat on ethylsulphate of orthotoluidino (Pagel, Ber. vii. 1392): 

(C*H»)(CRI‘®N)SO< r= CRl»NSO=‘ + C=lPO. 

( 

y. By the action of heat on orthotoliiidine sulphate (Nevilo a. Winther, Chem. Sac. 
J. 1880. xxxvii. 625) : 

(GnP«»X)2SO< = H*0 + C»H»N + C*U»NSO». 

5. By the action of ammonium sulphide on the orthonitrutoluene-metasulphonic 
acid produced by the action of boiling alcohol under pressure on o-nitrodiazotoluene- 
9n-sulphonic acid (Nevile a. Winther). 

This sulphonic acid crystallises from water in yellowish oblique rhombic prisms or 
plates, C‘ll'’NSO*H + 2H*0, which lose their water at 120° and crumble to a yellowish- 
white powder. It is readily soluble in hot water, but does not dissolve in absolute 
alcohol, ether, benzene, or chloroform. Its potassium salt, C’II"NSO*K -i- JH*0, is 
readily soluble in wattr and dilute alcohol, and forms silky crystals. The” sodium 
salt, C’H*N{i)*Na + H*0, forms feathery crystals, and dissolves freely in water, 
more sparingly in dilute alcohol. The harium salt, (C^H"NSO*)*Ba -i- 3H*0, is readily 
soluble in water, sparingly in boiling dilute alcohol, and crystallises in long striated 



2016 TOLUENBSULPHONIC ACIDS (AMIDO-). 

Bix-sided prisms. The lead saUt (C^H*NSO*)*Pb+ crystallises from dilute 
alcohol in comp^ti white, six-sided prisms. The silver salt, G'H’'NSO’Ag, is a white 
precipitate consisting of small plates. When boiled with water it dissolves with 
partial decomposition, which however may be prevented by adding a few drops of 
nitric acid, and crystallises on cooling in white plates. 

Orthotoluidinesulphonic acid dissolves in sulphuric acid, and on heating this 
solution strongly, sulphur dioxide is given oif. When the acid is distilled with potash, 
orthotoluidine passes over, and the residue contains sulphuric acid and only a trace 
of sulphurous acid. On adding bromine in small quantity or in excess to the aqueous 
v6ivX\on, tnbroTiiorthotoluidine (m. p. 112) is pre'cipitated, and the solution contains 
dibromorthotoluidine-sulphonic acid, hydrobromic acid, and sulphuric acid (Gerver). 
According to Nevile a. Winther, on the other hand, bromine slowly added to the 
aqueous acid in quantity not exceeding the molecular proportion, forms no precipitate 
but only a slight reddish opalescence ; and if the liquid bo then boiled, filtered, and 
evaporated, a '/wo?iobromotoluidinesulphonic acid, C’H*(NH*)BrSO®H, crystallises. out; 
and on further a^ddition of bromine, a copious fiocculent precipitate is formed, which, 
after purification^by two or three distillations in a current of steam, crystallises from 
ether in long white needles, molting at 43-45^, and identical in every respect with 
the dibromorthotoluidine, C“.CH*.NH*Br.H.Br.H, already mentioned (p. 1089). 

^ From the constitution of this dibromotoluidino it may be inferred that the sulpho- 
group in the toluidinesulphonic acid from which it was formed, must occupy one of 
the meta-positions, 3 or 5 with regard to the CIP, and this conclusion is confirmed by 
the melting points of the t>ulphochlorido and sulphonamido obtained from the toluenc- 
sulphonic and bromotoluonesulphonic acids produced from this acid. On passing 
nitrous gas into a cold solution of the toluidinesulphoi^i' acid, a tolylene-dia/.ino 

sulphite, = is precipitated as a white slightly exphwiv*? 

powder, which when heated on a water-bath with concentrated hydrobromic acid, is 
decompost'd, with formation of i bromotoluonesulphonic acid ; the potassium salt of 
w’hich, when treated with phosphorus pentachlorido, is converted into a sulplio- 
chloride, C^H®(NU2),S02C1, melting at 55*6®-56‘6®, agreeing therefore nearly with tlio 
bromotoluonosulphochloride (ni. p. 62°-53®), described by Hiibner i\. Muller {Zciischr. 
/. Chrni. 1870, 449) as having the sulpho-group in the meta-position relatively to 
CH*. The chloride heated -with ammonia gives an amide melting at 146‘2-147 2°. 
The toluenesulphonic acid obtained by heating the above-mentioned orthotolylcne- 
diazine sulphite under pressure with alcohol, or by rtiducingthebromotohienesulphoiiic 
acid with sodium-amalgam, gave, on treating its potassium salt w’ith PCI', a licjuid 
siilphochlorido w’hich yielded with ammonia an amide melting at 10G'6°-107’o° 
(Nevile a. Winther), at 104° (Pagel). 

To ascertain whether the sulpho-group is ortho- or para- to the amido-group, meta- 
broraorthotoluidiiie-metssulphoiiic acid, 

C«.CII».Nip.Br.n.SO*H.H or C».CH».Nil*.S()4l.lJ :Br.H, 

was heated in a scaled tube with hydrochloric acid and water for several hours with 
the view of removing the sulpho-group, and leaving a monobromorthotoluidino ; but 
instead of this a mixture was obtained consisting of a dibromorthotoluidine melting 
at 43°-44°, and two monobromorthotoluidinos, one an oil, the other a solid body 
melting at 54°-57° (ordinary bromotoluidino), whence ituppoared that whichever of 
the two monobromotoluidincs w’as first formed, was partly decomposed into dibromo- 
toluidino and toluidiiie, and partly converted into an i.someric monobromotoluidine. 
To discover which of the two monobromotoluidines was formed in the first instance, 
ordinary monobroinorthotoluidine, which i.M knowm to have the structure 
C*lCH*.NH'‘‘.H.H.Br.H, was heated with watei or hydrochloric acid at 170°, or above, 
for many hours, but without undergoing any alteration. This seemed to show that 
the liquid bromotoluidine, C*.CH*.NH*.Br.H®, must be the immediate product of the 
removal of the sulphur-group from the metabromorthotoluidine-metasulphonic acid. 
But to obtain further, evidence of this, an attempt was made to prepare the bromo- 
toluidine, C*.CH*.NH*.Br.H*, by another process. For this purpose metabromometace- 
toluide, C''.CH®.H.Br.ir.NH(C'‘'H*0).H, wius nitrated with a mixture of 2 vol. nitric 
acid of sp. gr. 1*62, and 1 vol. of sp. gr. 1’46, and the acetyl-group was removed 
from the resulting nitro-compound by dissolving it in a freshly-nuide mixture of 
2 vol. sulphuric acid and 1 vol. water. In this manner a base was obtained melt- 
ing at 87®-88°, and having the structure of w-btom-o-nitro-wi-toluidine, 
C®. CH^.NO'-^.Br.H.NH*.!!, the NO*-group taking the para-position with^spect to the 
NH*, according to a law previously established (p. 1987). This nitrobromotoluidine 
treated with a solution of nitrous gas in. alcohol was converted into motabromortho 



TOLUENESULPHONIO ACIDS (AMIDO-). 2017 

nitrotoluene, C®.CH*.NO*.Br.H*, which distilled with steam as an oil, and gave, 
on reduction with tin and hydrochloric acid, liquid monobromotoluidine. 
Lastly, on heating this compound with hydrochloric acid in 
a tube at 160° for twelve hours, and distilling the contents with steam, a substance 
was obtain^ which melted at 40°-47° ; and on neutralising the residue in the ilash,^ 
and continuing the distillation, an oil was obtained, together with crystals melting at 
•53*66° (ordinary monobromorthotoluidine melts at 66°-66°). Hence it appears that 
the bromotoluidine which is the immediate product of the decomposition of raetabrom- 
orthotoluidino-metasulphonie acid must have the constitution C“.CH*.NH2,Br.H.H.II ; 
consequently the acid just mentioned must be represented by the formula 
C**.CII*.NH*.Br.H.SO®II.II, and the corresponding orthotoluidine-metasulphonic acid 
by the formula or CH» : NH* : SO*H = 1 : 2 : 6 (Nevile a. 

Winthor). 

Orfbotolutdlne-parasulpboiilc Acid, C«.CIP.NH*.IT.SO*H.H®, is obtained, 
together with paratoluidine-orthosulphonic acid, by the following process : A number 
of litre-flasks are charged with 200 c.c. toluene and 200 c.c, fuming ^ulphuric acid, 
and shaken, at first gentl}^ afterwards more briskly, to make the liquids mix. To the 
viscid or crystalline mixture of ortho- and paratoluonosul phonic acid thus produced, 
nitric acid of sp.gr. l*,5is added by drops, the liquids being strongly shaken after 
each addition, and tlien left to cool, and this treatment is repented till the addition 
of a further quantity of nitric acid no longer produces any rise of temperature. The 
mixture of orthonitrotoliiene-parasulphonic and paranitrotoluene-orthosulphonic acids 
is then poured into a sixfold volume of water, and the miftture, strained from any 
dinitrotolueno that may have separated, is neutralised with calcium hydrate. Tlie 
acids are separated by meK.is of their barium salts, or better of their lead salts 
(the salt of the orthonitro-iicid {h either case separating out first), and then converted 
into amido-acids by means of ammoiiium sulphide. If the nitro-acids have been 
separated by means of their calcium salts, the amiJo-avMs formed from them require 
a further purification by conversion into barium salts, that of the orthamido-acid 
crystallising out finst, while that of the paramido-acid remains in the mother-liquor 
(Wockwarth, Liebig's Annalen^ clxxii. 191 ; Ber. vii. 460). 

Orthotoluidinc-parasulphonic acid crystallises in neodlevS and prisms (Weekwarth). 
100 pts. of water at 11® dissolve 0*974 parts of it ; hot water dissolves it much more 
abundantly (Ilayduck, ibid, clxxii. 204, and clxxiv. 343 ; Ber, vii. 662 and 1353). 
Its warm aqueous solution is colouretl dark violet by ferric chloride. On adding a 
few drops of fuming nitric acid to the concentrated aqueous solution and diluting 
with water, a precipitate is formed, and if the liquid be then boiled it turns ye llow 
(Weekwarth). barium [C*Il®(NH*)SO’l"Ba-i-2jH*0, forms beautiful crys- 
talline plates, which give oflP their water over sulphuric acid, dissolve easily in boiling, 
less easily in cold water. The lead salt, [C^H®(NH'-‘)SO* pPb, forms yellowish prisms, 
much less soluble than the barium salt (Hayduck). 

The acid is not altered by heating at 200° with fuming hydrochloric acid, or, with 
the exception of slight carbonisation, with fuming sulphuric acid, in which respect 
it differs from the paratoluidinesulphonic acids (p. 2018). When distilled with 
•potash it gives off a largo quantity of ammonia and a small quantity of aniline ; by 
fusion with potash at a moderate heat it yields o-amidobcnzoic (anlliranilic) acid. It 
is not altered by fusion with sodium formate. Distilled with imnganese dioxide and 
sulphuric acid it yiidds a distijlate smelling of quinone, from which however only 
very small quantities of microscopic tablets can bo obtained. By the action of 
potassium chlorate and hydrochloric amd it is converted intotrichlorotoluquinone, 
C’IPCDO*, which crystallises in large, shining, yellowish plates, melting at 232° 
(p. 2029). • 

Orthotoluidino-parasulphonic acid is converted by bromine into dibromortlio-' 
toluidino-y>-sulphonic acid, C’H^Br*(NJP)SO*H, which crystallises from hot 
water in needles containing 1 mol. IPO (p. 20^1); by nitrous acid and alcohol into a 

diazin-compound, which forms a crystalline powder exploding 

when struck, and by cold fuming nitric acid info a nitrodiazin-com- 
pound, CnP(NO*)<^T^j^^, which separates on dilution with ice-cold water as a 
bulky white precipitate exploding by heat and by percussion. 

Metatoluldine-orttaosnlplionlo Aeldi C^CIP.H.NH^.H.II.SO’H (Lorenz, 
Liebig's Annalen, clxxii. 185; Ber. vii. 449). This acid is produced, together with a 
disulphonic acid, iby heating 1 pt. metatoluidino with 3 pts. fuming sulpliuric acid at 
160°-175° ; on diluting the product with water, the monosulphouic acid is precipi- 
tated, while the disulphonic acid remains in solution. 

A^or., A^m. C 0 
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Metiitoluidino-orthosulphonic acid Wystallisos in thick rhombic plates, which 
dissolve sparingly in water, are insoluMe in alcohol, and carbonise without previous 
fusion when lieated above 27!)^, The barium salt, (C’II*NSO*)*Ba + 9H*0, ciystal* 
lises in tliin plates or long prisms easily soluble in water. The lead salt, 
(CTI"-NSO*)®Pb + 3 JH'O, forms crystalline nodules. 

Bromine, added in excess to an aqueous solution of the acid, deconoposos it completely 
into sulphuric acid, hydrogen bromide, and a tribromotoluidino, C®H*!Br*.CH*, 
which crystallises from alcohol in reddish needles melting at 95® (p. 1998). On 
treating the toluidine-sulphoiiic acid immersed in alcohol of 60 per cent, with nitrous 
acid, it is converted into a diazo-acid, which when boiled with alcohol yields toluene- 
orthosulphonic acid. This shows that the amido-acid is a metatoluidine*ortho8ul' 
phonic acid, 

CII* : SO®H : NIP = 1 : 2 : 3 or 1 ; 2 : 5. 

Lorenz represents it by the first of these formubB; in other wortls, he regards it as a 
consecutive modification ; but since the experiments of Nevile a. Winther have shown 
that SO*H, liia Br, NO-, &c., when directly intrtxluced into an amido-compound, takes 
by preference the para-position with respect to the NIP-group, it is more probable 
that the acid in question has the unsymmetrical constitution 1:2:5. 

The metatoluidine-disiilphonic acid, formed as above mentioned, decomposes V(^ry 
readily on evaporation into the monosulphonic iicid and free sulphuric acid. Treated 
with baryta- water and carbon dioxide, it yields an acid barium salt, 
(C^lPN.SO*II.SO")*Ba-t: I 25 IPO, cr3stallising in felted groups of slender needles, 
which give off their water at 160®. The lead salt, C’II’N(SO“)'‘*Pb + 21PO, forms 
hard yellowish- white crusts, sparingly soluble in water, Jnsclublo in alcohol. 

Paratoluldlne-ortlioaulplioiitc Acid, C®.CIP.S()®H.H.NH®.FP (Jenssen, 
Lkhig's Annalen, clxxii. 230; Ber.vn. 55). T[iiH acid, identical with the toluidine- 
sulphonic acid described by Buff and by Malyscheff (vi. 28.S; vh. 1179), is formed, 
together with the y>-«^-modification, by the action of sulphuric acid on paratoluidine, 
and by reduction of pjiranitrotoluene-orthosulphonic acid (p. 2014) with hydrogen 
sulphide. It crystallises in hard colourless rhomboliedroms, slightly soluble in hot 
water, insoluble in alcohol and ether. Its warm aqueous solution is coloured red by 
ferric chloride. On dissolving it in a few drops of fuming nitric acid, the liquid 
remains clear on dilution with w’atcr, and becomes blood-red on boiling. These 
characters distinguish it from the o-^j-acid (Weekwarth, p. 2017). Bromine added 
to its boiling aqueous solution forms a bromamidosulphoiiic acid, C’IPBr(NH*)SO=*H 
(p. 2020), convertible into a diazin-compouiid which crystallises in small yellow or 
brown needhis, and may be traitsformed by the usual methixls into the corresponding 
toluene-, cresol-, bromotoluent!-, and chlor»t.oluene-sulphoiiic acids. The tolume- 
svlphonic acid thus obtained is identicjil with the i3-acid described by A. Wolkow 
(vii. 1168); the hrominated ai'id, with the pnrabromotoluenesulphonic acid of Iliibner 
a. Post (p. 2009) ; and the chlorinated add with the )3-piiraclilorotoluenosulphonic 
acid described by llubner a. Majert (p. 2013). The paracresolsu^honic acid, on the 
other hand, C^II®(OH)SO*H + 51PO, is different from that M^hich Engolhardt a. Lat- 
schinoff obtained by the action of sulphuric acid on paracresol (vi. 506). 

Paratolaldlne-'inetauulpboiilo Aold, C®.CH®.H.SO®H.NlI^.ir^ (H. v. Pech- 
mann, Lieb. Ann, clxxiii. 195). This acid, first described by Sell (v. 527), is 
formed, together with paratoluidine-orthosulphonic and a paratoluidine-disul- 
phonic acid, by heating paratoluidine with fuming sulphuric acid. The relative 
quantities of these acids obtained vary with the temperature, the mctasulphonic acid 
being produced ipost abundantly at comparatively low, the ortho- and the di-sulphonic 
acid at higher temperatures. Direct experiment shows that each of the monosiil- 
phonic acids, when heated for twenty minUwes at 180®-200® with twice its weight of 
sulphuric acid, is partly converted (the mctasulphonic acid for the greater part) 
into the isomeric monosulphonic and the disulphonic acids. The seppratioii of the 
metasulphonic from the orthosulphonic acid is facilitated by the greater solubility of 
the former in water and especially in alcohol. The separation may also be effected, 
through the medium of the lead salts, the metasulphonate being but sparingly 
soluble, the orthosulphonate very easily soluble, in water. The disulphonate remains 
in the mother-liquor of the two monosulphonates. 

The paratoluidine-metasulphonic acid thus prepared agrees for the most part m 
its properties with that described by Sell, MalyscheflF, and Buff (vii. 1179). It dis- 
solves at ordinary temperatures in 10 pts. water, is nearly insoluble in alcohol, and 
quite insoluble in ether. The crystals effloresce over sulphuric acid, and give off 
their water completely at 130®. The aqueous solution is colotired red by ferric 
chloride, e.specially when heated. The acid heated with wafer at -130® is resolved 
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into sulphuric acid and toluidine, tho latter beiqg also formed on distilling the acid 
witli potassium hydroxide. On fusing it with the latter, till the evolution of 
hydrogen slackens^ considerably, the chief product obtained is parahydroxybenzoic 
acid. It is not altered by fusion with sodium formate. The baritivi salt, 
(C^H"NSO*)*Ba + 3fPO, crystallises from strong solutions in colourless six-sided 
laminae, easily soluble in water, insoluble in alcohol, and giving olf their water at 130°. 
The lead salt, (C'H*N.SO*)'-*Pb + 2H*0, forms long colourless needles, much less soluble 
t than tho barium salt. 

Tho corresponding diazin-compound, wiilch is best prepared by treating the amido- 
acid with nitrous acid and alcohol under water at 30^’-40°, is converted by heating 
with alcohol under pressure into toluenemetasulphonic acid (p. 2018), by boiling with 
water into paracresolnietasulphonic acid (p. 2000), and by hydrobromic acid into 
parabromotoluene-metasulphonic acid (p. 2021). 

* Paratoluidine-metasulphonic acid, when added to cold fuming nitric acid, is con- 
verted into orthonitrodiazotoluene-mctasulphonic acid, which, when boiled with alcohol 
under pressure, yields an o-nitrotoluene-jw-sulphonic acid convertible b>' ammonium 
sulphide into o-toluidine-»i-sulphonic Jicid (p. 2015). The jo-toluidine-»t-siil phonic 
acid, brought into contact with 2 mol. hromme, is completely resolved into sulphuric 
acid and dibromotoluidine : 

C»H«(Nir-')S()«II + 2Jlr* + IPO = C’iPBP.NIP + SOW + 2IIJ5r. 

With a larger quantity of bromine a similar reaction takes place, resulting in tho 
formation of tribromotoluid ine. When, however, bromine- vapour (1 mol.) is 
passed through a cold aqueous scjluiion of the acid, there is formed — together 

with a precipitate of dibw^n: ^oluidinc — a hromoparatoluidine-metasnlphonic acid 
(p. 2021), which remains in solution and may be separated therefrom by means of its 
sparingly soluble barium salt. 

Bromamldotoluenesulplioiilo or Bromotolu^dinesulplionlc Acids, 

CWBr(NH*).CH.’* M. Schafer {TAehig's Annalen, clxxiv. 367 ; Jier, vii. 1356) has 
prepared tho bromamido-acids analogous to Hiibnor a. Post’s uitrobromotoluone- 
sulphonic acids (p, 2010) by reduction with ammonium sulphide ; also tho correspond- 
ing diaziu-acids or tolyl-^iazinsulphitos by treating tho nmido-acids with nitrous gas 
and alcohol, and from these by boiling with water, the corresponding crosol-sulphonic 
acids. A comparative view of tho properties of those several derivatives is given in 
th(j following tiible : 


Derivatives of nitro-o- 
l)roinotoluene-7u- 
Hulplionic acid 


Derivatives of nitro-p- 
broraotolueuc- 7/1- 
sulphouic at’.id 


Free aniido-acidi 


Crystallises hot from 
Witter in long rhom- 
bic laminae, from 
alcohol in nodules. 
Dissolves at 21° 
in 188 pts. water, 
and in 32 pts. 
alcohol. Resolved 
by bromine and 
water into sul- 
phuric acid and 
tribromotoluidino, 
which crystallises 
from alcohol in 
yellow needles, and 
volatilises with 
steam in nearly 
white flocks melt- 
ing at 82°. 


Crystallises from 

water in grey- white 
needles. Very 

sparingly soluble 
in w’ater, more free- 
ly in aUtohol. 


Barium salt 


rC'H»Br(NH«)SO»]«Ba 
+ H*0. Micros- 
copic square plates, 
i%py soluble in 
water, sparingly in 
alcohol. 


CWBr(NH*)SO»]*Ba 
+ 4H*0. Small, 
white nodules. 


Derivatives of nitro-p- ! 
broinotoluciic-o- | 
sulphonic acid 


Crystiillises from 
water in small well- 
defined prisms, 
sparingly soluble in 
water (1 pt. in 31), 
more freely in al- 
cohol ; yields with 
bromine and water 
a tribromotoluidino 
which crystallises 
from Alcohol in yel- 
low shining scales 
melting at 72°. 


[C’H^Bp(NH2)SO»]»Ba 
+ 2H“0. White, 
easily soluble mi- 
croscopic needles. 


6o2 



2020 TOLUENESULPHONIO ACIDS (BROMAMIDO-). 



Derivatives of nitro-o- 
bromotoluene-m- 
sulphonio acid 

Derivatives of nitro-p- 
bromotoluene-m- 
snlphonlc acid 

Derivatives of nltro-p- 
bromotolueue-o- 
Biilphonic acid 

Lead salt 

[C»H»Br(NH*)SO*I»Pb 
+ H*0. Easily 

soluble, elongated 
plates, turning yel- 
low in the air. 

c 


Sodium salt . 

Diazin-com- 

()Ound 


Short, thick, red 
needles, exploding 
by percussion, and 
easily decomposed 
by water, alcohol, 
and hydrobromic 
acid. 

t 

t 

C'H*(NH*)SO»Na 
+ 2H*0. Indistinct, 
microscopic, very 
soluble crystals. 

Brownish, easily do- 
composible pow- 
der, converted by 
water and by hy- 
drobromic acitynto 
oifa and the same 
cresolsulphonic 
acid. 

Palo red microscopic 
(rhombic ?) crystals, 
detonating when 
struck or when 
heated to 160°. 
lilasily docomposi- 
ble. Converted ])y 
HBr into dibrom-o- 
toluenesulplio- 
nic acid. 

Cresolsulphonic 
. acid 

— 

— 

Brown syrup. 

Harium salt . 

Prepared with water: 
greyish-white, in- 
distinct, very sol- 
uble crystals, con- 
taining 4H*0. Pre- 
pared with HBr : 
Spicular costal s 

containing stf-O. 

[C*H»Br(OH)SO»]Ba 
+ H*0. Easily 

soluble laminae. 

[C»lPBr(OH)SO»pBa 
+ 3H»0. Easily 

soluble, long white 
branched needles. 

Lead salt 

[C’IPBr(OH)SO»l»Pb 
+ 211*0. Long 

white four-sided 
prisms, quickly 

turning yellow on 
exposure to the air. 




Bromoparatoluidine-orthosulphonic acid, C'H*Br(NH‘*).SO*H, obtained 
by the action of bromine on a boiling aqueous solution of j>>toluidine-o-sulphonic acid 
(p. 2018), crjsstallises in white, shining, slender needles, which become dark on 
exposure to light, and in solution ; dissolve but very sparingly in water even at the 
boiling heat ; are insoluble in alcohol alid ether, but dissolve with moderate facility 
in hydrochloric and hydrobromic acid. It does not yield bromotoluidine when fused 
with potash. Its potassium salt, C’^H'BrNSO^K + H*0, forms thwk, hard> soluble 
prisms. The barium salt, (C’H^BrNSO*)*Ba + 7H*0, crystallises from water in thick 
prisms, from alcohol in beautiful needles ; gives off almost all its water of crystallisa- 
tion over sulphuric acid ; dissolves easily in water, less easily in alcohol. Lead salt, 
easily soluble laminm. Silver salt, white needles, which very easily turn brown, and 
are but slightly soluble in cold water ^enssen, Liebig's Awnalm, clxxii. 230 ; Ber, 
vii. 55). According to Weckwaith (Ber. vii. 450), this brominated acid, treated 

under alcohol with nitrous gas, is converted intoadiazinecompound, 

which when heated with alcohol yields a bromotoluenesulph^ic acid, apparently 
identical with Wroblewskjr’s /8-acid (vii. 1172), and thereibre consisting of meta- 
bromotoluene-orthosulphonic acid (p. 2012). Consequently the bromnmido-acid 
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under consideration must be a metabromoparatoluidine-oithosulphonic acid, 
C«.CH».SO*H.Br.NH* H* or C».CH».SO«H.H.NH».Br.H. This acid boil^ with silver 
nitrate gives up the whole of its bromine as silver bromide. With fuming nitric acid 
it forms a red solution, which, when carefully diluted with a small quantity of water, 
deposits after some time shining yellow laminae of the diazin-nitro-compound, 

which detonate when heated, and dissolve in water with 
evolution of nitrogen and formation of a nitrobiomocresolsulphonic acid (Weckwarth). 

Bromoparatoluidine-metaiul'j^honic acttf is formed, together with dibro- 
motoluidino, on passing the vapour of bromine (1 mol.) through the cold aqueous 
solution of paratoluidine-metasulphonic acid (p. 2018), the dibromotoluidine being 
precipitated, while the brominatod sulphonic acid remains in solution, and may be 
separated therefrom by moans of its sparingly soluble barium salt. The free acid, 
30’H*Br(NH®)S0*H + 2H*0, crystallises from water or alcohol, in which it is readily 
soluble, in yellow needles, which give off their water of crystallisation at 130®, and 
decompose without previous fusion at a temperature above 200°. It is insoluble in 
ether. ^ It is not altered by boiling with aqueous potash, but when ‘ distilled with 
potassium hydroxide it yields bromotoluidine as a colourless oil, which unites with 
acids forming crystallis^ salts. 

Fot^sium Brormparatoluidiw-mctasulphoihate, C’H’BrNSO*K, forms thick colour- 
loss prisms, moderately soluble in cold, more soluble in hot water. The barium salt, 
(C’H’BrNSO*)*Ba + 211^0, forms hard, shiningf colourless plates, which do not 
effloresce over sulphuric acid ; it dissolves sparingly in cold, nlbre freely in hot water, 
but is insoluble in alcohol. The lead salt, (C^H%NSO*)*Pb, forms colourless 
shining noodles, very slightly sol able in cold, more freely in hot water. The silver 
salt, C’H’BrNSO^Ag, is procipitatfd by silver nitrate from the solution of the am- 
monium salt in thin short needles, and :i3’stallises from hot water in long colourless 
needles. It is nearly insoluble in cold water, and turns grey when exposed to light. 

The brominatod araido-acid is converted by nitrous acid into a brown-rod 

pulverulent diazin-compound, which, when heated with alcohol 

under pressure, yields a bromotoluenemetasulphonic acid (p. 2013), (v. Pechmann, 
Bcr. vii. 4A2). 

Bibromorthotoluidi ne-parasu Iphon ic ac i d, C'IPBr“(NH*)SO*'’H + IPO, 
produced by the action of bromine on orthotoluidine-parasulphonic acid (p. 2017), 
crysUillisos from hot water in long capillary needles ; from hot alcohol in stellate 
groups of needles. Both these solvents dissolve it with difflculty in the cold, readily 
at boiling heat. At a higher temperature the acid gives off its crystallisation-water 
and crumbles to a hygroscopic powder, and at a still stronger heat (160®) it decom- 
poses without previous fusion. The barium salt, [C'H^Br2(NH’')SO*]*Ba + OH'-'O, 
forms spherical groups of needles easily soluble in water, and becoming iinhydrous 
over sulphuric acidT Cold fuming nitric acid converts it into a nitrodiazin-com- 
pound, which forms a white precipitate consisting of microscopic needles (Hayduck, 
Bcr. vii. 1353). 

Blamldotolueneparasulplioiilc or Toljlenediamlneparasulptioiiio. 
Acids, C»H'»N2SO» = C«H*(NH*)2SO>H.CH» (H. Schwanert, Liebig's Annalen, clxxxvi.' 
360) is formed by the action of «immonium sulphide on the corresponding dinitro-acid 
(p. 2014), and crystallises from hot water, in presence of animal charcoal, in white, 
striated, shining, translucent, oblique rhombic prisms, which turn grey when exposed 
to light, do not melt even at 280®, dissolve in 1470 pts. water at 14^» more freely in 
hot water, but are insoluble in alcohol. The aqueous solution quickly turns yellowish- 
brown. The solutions of its salts also quickly become dark-coloured when evaporated ; 
they crystallise with difficulty or not at all, and are not precipitated by alcohol. The 
barium salt, {07H‘’N*SO*)*Ba + 4H*0, is obtained, on evaporating its solution prepared 
with barium carbonate, as a blue-grey amorphous residue, which, after repeated solu- 
tion and treatment with animal charcoal, becomes lighter in colour, but not ^uite 
white ; it dissolves readily in water and in alcohol. A lead salt has been obtained, 
crystalline, but not of constant composition. The potassium salt is obtained by 
evaporation of its solution only as a brown unciystallisablo syrup. 

With acids, on the other hand, the diamido-acid easily forms crystallisable com- 
pounds, which, however, must bo recrystallised from acidulated water, since they are 
decomposed by pure water. The hydrochloride, C’H*®N*SO*,HCl + 2H*0, forms white 
to silver-grey, shi^ng, short oblique rhombic prisms, soluble in water, slightly also in 
alcohol. The hydrobromide is analogous in composition, and exhibits similar characters. 
The nitrate, C"H'®N*SO*,NO»H + H*0, forms a light felted faintly reddish mass, com- 
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posed of small oblique rhombic needleSi soluble in water, slightly also in alcohol. 
The sulphate, + H*0, crystallises in white shining rhombic 

laminee. 

ilfo7w6ro7»o«?iamfdotoit<cnc-^rasMZ_pA(Wi»c ocirf, C®HBr(NH*)'‘*(SO*H).CH*, is formed 
by drenching the diamido-acid with 20 pts. hot water, and bidding bromine by drops 
(1 mol. bromine to 2 mol. of the acid), and crystallises from the resulting green-blue 
solution on cooling in small greyish-green shining tablets, or short thick rhombic 
prisms, with unequal pyramidal end-faces, sparingly soluble in water. Hhib potassium 
salty O'lI^BrN’-SO’K + 2AH‘'0, is obtained by evaporating its brownish-yellow solution, 
taking care that no solid salt separates out an the edges, in geodes of pale-yellow 
tablets, very easily soluble in water, nearly insoluble in alcohol. When heated to 
100°, it gives off its water, but does not change colour ; but when quickly heated to 
105°, or dehydrated at 120®, it turns blue, without loss of weight, and then dissolves 
in water with splendid blue colour. The yellowish salt cannot be recovered from the 
blue solution, which, when evaporated, leiives a blue amorphous salt (hence the pre- 
caution above mentioned). The barium salt is a greyish-white crystalline substance, 
containing a iviiying amount of barium, very soluble in water, and turning blue under 
the same circumstances as the potassium salt; the free acid likewise ' exhibits a 
similar behaviour. 

When I mol. bromine is added by drops to 1 mol. of the diainido-acid under 20 pts. 
hot water, a greyish-green crystalline powder sepirates, which may b(5 regarded as a 
mixture of the mono- and dibrominated acids, and when heated at 120° with hydro- 
bromic acid and amorphous phosphorus, is reconverted into the diamidotoluene- 
siilphonic acid. Larger quantities of bromine produce more complete decomposition. 

The diamido-acid treated wuth nitrons acid and alcoljjl is converted into a brown- 
red amorphous diazin-compound which has not been exactly investigated. 

Bydroxytoluenesulphoolc or Cresolsulplionic Acids, 

C®Il®(CH®)OH.SO®B, are fornjed by heating the corresponding tolyl-diazin sulphites, 

(so-called diazotolueiiesulphonic acids) with water (vii. 932, 934), ami* 
by heating cresols with sulphuric acid (vi. 606; vii. 932, 934 ; viii. 583). 

Orthocresol-parasulphonic add, C®.CH*.OH.H.SO®H.H*, which Engelhardt a. 
Latschinoff obtained by heating o-cresol with sulphuric acid (vi. 507), may also bo 
prepared by boiling the diazin-derivativeof o-toluidine-^-sulphonic acid with water, or 
adding it to fuming sulphuric acid. It forms a barium salty [C’H®(OH)SO*]’"Ba + 1 
which crystallises in granular masses of microscopic prisms. The potassium salty 
C’H‘‘(OH).SO®K + separsites from boiling absolute alcohol as a yellowish crys- 
tiillinc powder, from aqueous alcohol in tufts of short needles. The acid fused with 
potash is converted into salicylic acid (Hayduck, Her, vii. 652). 

A crcsolsulphonic acid, apparently identical with the above, is obtained as a 
potassium salt by fusing potassium toluenedisulphonate (p. 2009) with potassium 
hydroxide at 1 90®-206°. The solution of the melt is acidulated yith sulphuric ficid ; 
freed by means of ether from small quantities of salicylic acid ; neutralised with 
potassium carbonate ; freed from jKjtassium sulphate by crystalli.sation ; again 
acidulated to a pasty con.si.st.cnce ; and mixed with ether-alcohol to complete the 
precipitation of the pfitassium sulphate. For further precipitation, the acid is con- 
verted into tlie barium salt, which crystallises with great facility, and separated 
therefrom by sulphuric acid. • 

The free sulphonic acid crystalli-ses in feathery groups whiph retain J mol. water 
at 100° ; it melts at 80°-81® and turns brown when heated alwve 100° ; it is hygro- 
scopic, dissolves readily in alcohol and ether, and its aqueous solution gives with 
ferric chloride a fi)loration which disappears on addition of mineral acids or of alcohol. 

« The potassium salty C^H®(OH)SO’K + 211*0, crystallises in well-defined prisms which 
dissolve readily in hot alcohol, swell up at 120°, melt without decomposition at 
225°-230°, and are decomposed by melting potash at 260°-270°. Tlj.o sodium salt 
forms plates or tablets containing 2 mol. H*0. The ammonium and cadmium salts 
cr^'stallise in prisms *or needles. The barium | C•H■(CH*)(OH)SO*^*Ba-^H*0,^- 
crystalliscs readily in smalfprisms, insoluble in alcohol, and becoming anhydrous at 
1 70°. The aqueous solution forms no precipitate with baryta-water, but is coloured 
blue by ferric chloride. The calcium salty (C*H*O^S)*Ca+ 1^H®0, crystallises in 
stellate groups of needles which become anhydrous at 100°. The lead s(d.ty 
(C*H*0*S)*Pb + 3H*0, is readily soluble in water and in hot alcohol, and crystallises 
in silky needles, which give oflF their wjiter at 160°. The epp^er salty (C*H*O^S)*Ca + 
8H'*0, crystallises in large square tablets ; the silver salt in concentric ^nps of 
anhydrous needles, which are sensitive to light ; the sine salt in larger pnsms, con- 
taining 10 J mol. water, of which they lose 8^ at 100°, the other 2 at 190° (C. Bruner, 
Wien. Akad. Her. [2 Abth.], Ixxviii. 665). 
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E. Baumann (Ber. xi. 1907) describes the potassium salt of an orthocresolsulpbonic 
acid obtained by heating o-cresol with potassium hydroxide and water, leaving the 
solution to cool to 60^-70^, and digesting it at that temperature with potassium 
pyrosulj^hate. It crystallises in shining laminae, somewhat more soluble in water and 
in alcohol than potassium paracresolsulphonate. 

Potassium cresolsulphonate (a mixture of several modifications) occurs, together 
with the phenolsulphonate, in horse-urine. It is somewhat less soluble than the 
latter in water and in alcohol ; reacts similarly with water, acids, and alkalis, but 
decomposes somewhat more quickly on ki'cping, and is gradually decomposed during 
the putrefaction of the urine. The dry potassium salts of the cresolsulphonic acids 
are converted at 140^-150° into sulphonic acids which give a deep blue coloration 
with ferric chloride (Baumann). 

TOXiVZC ACIDS, = C«H<(CH»).C00H:. The ethylic ether of orthotoluiG 

acid is formed by the action of ethyl chloroearbonato on ortho-iodotoluene (p. 1994). 
The acid separated from the ether thus obtained molts at 102*6°. 

Orthotoluic acid in alkaline solution, heated with potassium permanganate, is 
oxidised to orthophthalic acid, (Weith, Bcr, vii. 1057). •* 

Bromoparatolulo Acid, C*H®Br(CII*).C001I, is prepared by dropping bromo- 
paraxylcno into a solution of 6 to 10 g. chromic acid in 100 g. glacial acetic acid 
heating the liquid on the water-bath for an hour ; precipitating with water ; distilling 
(»fF the undecoinposcd bromoxylone with steam ; and washing the precipitate with 
water. The acid thus proilucod appears to bq identical with that which Landolph 
obtained from bromocymene (vii. 1175). It is easily soluble in alcohol and ether, 
insoluble in cold water, slightly soluble in boiling water, and crystallises therefrom in 
small shining needles meltl.'.g .it. 203*5°-204° ; sublimes in shining elongated laminae. 
Its barium salt, (C"H'‘BrO‘^)*ila + crystallises in concentric groups of short 

capillary needles, very .slightly soluble in cold, much more freely in hot water. The 
calcium salt, (C’*H“BrO'^)'‘*Cd -t- 3H‘'0, is somewhat more soluble, and crystallises in 
arborescent groups of short hard needles (Januasch a. Dieckraanii, Lichi(fs Annalcn, 
clxxi. 83). 

mtrotolulo Acids. Fittica (Lklng's Anmhn,, clxxxi. 303 ; Bcr. vi. 938 ; vii. 
1357i 1629) distinguishes three mononitrotoluic aijids, C"H’(NO'‘*)()“, viz. : a. .Produced 
by dropping eynieiio into red fuming nitric acid of sp. gr. 1*5. Kept in a state of gentbi 
ebullition, this acid molts at 189°.— jS and y. Formed by oxidising liquid and solid 
nitrocymene (p. 622) respectively with chromic acid. These two acids resemble one 
another in subliming without previous fusion, in forming very similar salts, and in giv- 
ing with lead, mercury, and silver salts white precipitates insoluble in alcohol. The 
y-acid differs, however, from the ^-acid in being very nearly insoluble in water 
whether cold or hot, and only slightly soluble in alcohol of 90 per cent. Moreover, 
the alcoholic solution of the i3-acid remains clear when mixed with solution of platinic 
chloride, whereas that of the y-acid gives after some time a yellow crystalline pre- 
cipitate. Both aqids are scarcely attacked by tin or zinc and hydrochloric acid, but 
sodium-amalgam converts them into the corresponding diazin-toluic acids. 

Blaxln-toluic Acids, C'«H»N*0^ = C0*H.C^H«.Nzz:N.C^H«.C02H. Thenitro-acid 
in alkaline solution is left in contact with the sodium-amalgam for about a day, till 
the addition of acetic acid in excess no longer produces a precipitjito, and the diazin-acid 
is then precipitated with hydrochloric acid, or extracted from the acetic solution by 
ether. The i3-acid when rccry.sl .allised from boiling water forms yellowish microscopic 
needles, which melt at 182°-184°, dissolve readily in alcohol, ether, and acetic acid, 
with moderate facility in boiling water, scarcely at all in cold water. The same diaziii- 
acid is formed in like manner from a nitrotoluic acid, y-diasin-toluif^acid, when purified 
by recrystallisation from boiling alcohol, forms tuft-s of yellowish-browm needles nearly 
insoluble in water whether hot or cold, iiioderately soluble in boiling alcohol and in 
acetic acid, still more soluble in ether. It sublimes at about 240° without previous 
fusion, black miug at the same time (Fittica, loc. cit.) 

Hydroxytolulc Acids, C”H^OH)(CH^)(COOH). Oxytoluic, Hom/ohydroxy- 
hcmoic, or Cresotic acids. — Those acids are formed : 1. By the action of carbon dioxide 
on the sodium-cresols (p. 583). 2. By oxidation of the corresponding aldehydes, 

most readily by introducing the aldehydes into fused potash containing a little water, 
continuing the fusion for a few minutes, then adding water and precipitating with 
hydrochloric acid (Tieniann a. Schotten, Ber. xi. 767). 3. By the action of carbon 
tetrachloride on a strongly alkaline solution of a sodium-cresol : 

C'H«(ONa)^ -I- CCF + eXaHO - C»H"(ONa)COONa -t- 4NaCl + SH^O. 

By this reaction, orthocresoi is convened into ortlioliomo-orthohydroxy benzoic or 
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orthohomosalicylic and orthohomoparahydroxybenzoic acids.* As in other reactions 
in which ortho- and para-compounds are produced simultaneously, the ortho* com- 
pounds are formed most abundantly at high, and the para-compounds at Tow tempera- 
tures; and for this reason the carbon tetrachloride reaction is best adapted for 
preparing the homoparahydroxybenzoic acids, whereas the homo-orthohydroxybonzoic 
or homosalicylic acids are better prepared by the action of carbon dioxide on the 
sodium-derivatives of the cresols : for as this reaction takes place at about 200^, these 
ortho-compounds are produced by it in much larger quantity than the para-compounds 
(E. Schall, Ber, xii. 816). 

Tlie following hydroxytoluic acids, obtained by oxidation of the corresponding 
aldehydes, are described by Tiemann a. Schotten, loc, cit. 

a. Prom Orthocresol : 

Orthohomosalicylie add, [OH : CH* : COOH= 1 : 2 : 6], melting at 169”-160°, is 
identical with 3-cresotic acid (p. 584). 

OrthohoTtwparahydroxyhensoic acid, 1:2:4, is sparingly soluble in cold water 
and chloroform, easily soluble in boiling water, alcohol, and ether, and crystallises 
from water in sSlall faintly flesh-coloured needles containing mol. crystallisation- 
water, and melting at 172®-173®. 

• b. Prom Mo tacresol: 

Metahoinosalicylic acid. 1:3:6, identical with y-crcsotic acid, molts at 173®. 

Metahomoparahydroxyhensoic acid, 1 : 3 : 4, crystiillises from water in small 
white needles containing ^ mol. wator,^ind melting at 177°-180'’. 

c. Prom Paracresol: 

Parahomosalicylic acid, [1 : 4 : 6], identical with ayir^sotic acid, melts at 151°. 

The homosalicylic acids behave with solvents and reagents almost exactly like 
salicylic acid. They dissolve but sparingly in cold water, more readily in boiling 
water, easily in alcohol and chl«roform. Prom water or weak spirit they crystallise 
in dazzling white needles, undistinguishable from crystals of stilicylic acid. They 
also give the salicylic acid reaction with./crr 26 ’ chloride. In exactly neutralised solutions 
of the ammonium salts, barinm chloride produces no precipitate, cupric sulphate a 
yellow-green crystalline precipitate of a neutml copper salt, soluble in a largfj quantity 
of iiot water. In solutions containing excess of ammonia, basic compounds are formed 
in both cases. Silver nitrate produces in neutral solutions of the ammonium salts, 
white precipitates, very sparingly soluble in water, easily 'in ammonia; lead acetate, 
white precipitates easily soluble in acetic acid. 

The homoparahydroxybenzoic acids are but sparingly soluble in cold water, still 
less in chloroform, but dissolve readily in hot water, alcohol, and ether. They do 
not give any characteristic colour-reactions with ffTric chloride. Tlie normal harivm 
and calcium salts are easily soluble ; the solutions treated with ammonia do not give 
precipitates of basic salts. In neutral solutions of the ammonium salts, cupric 
sulphate forms a blue-green precipitate very slightly soluble in watae? ; but on adding 
cupric sulphate and a little ammonia to those same solutions, precipitates are formed 
consisting of basic salts which dissolve with blue colour in excess of ammonia. The 
silver and lead salts are white compounds sparingly soluble in water (Tiemann a. 
Schotten). 

There are four possible homologues of metahydroxybonzoic acid, but the corre- 
sponding aldehydes are not produced by the chlorofoVm reaction. One of these 
hydroxytoluic acids, viz. orthohomometahydroxybenzoic acid, [1 : 2 : 5], 
is formed: (1). Together with hydroxytercphthalic acid, C“H*(OII)(CO*H)(CO*H), 
[1:2: 5], by fusi^ sulphotoluic acid, C*H*(CH*)(SO*H)(CO'‘*II), with potash. The 
two acids thus procluced cannot easily be separated by crystallisation, but the separa- 
tibn may be effected by the application of a«gentle heat, the hydroxytoluic acid then 
subliming alone (Flesch, Ber. vi. 481). (2^. By passing nitrous gas into a nitric acid 
solution of the amidotoluic acid (m. p. 184°), which Ahrens obtained by j'eduction of 
one of the nitrotoluip acids resulting from the action of nitric acid on coal-tar xylene 
(vii. 1180). , 

This acid crystallises in long needles having a silky lustre, sparingly soluble in 
cold, easily in hot water, alcohol, and ether, insoluble, in chloroform. It molts at 
203®-204® (corr. 206®-207''), volatilises with vapour of water, and does not give any 
coloration with ferric chloride. Its lead salt ciystallises with 2IHO in needles 
having a diamond lustre. The calcium salt contains 4H^O. The ethylic ether (^ystal- 

* In tbc iinmoH of these hydroxytoluic acids, the positions of the side-chains ^ referred to the 
phenolic hydroxyl which stands in the position 1 ; the first prefix, ortho, &c. (standing before 
*homo ’) refers to thc'CH^-grouj), and indicates the cresol from which the acid is derived, while the 
second prefix, o-, ?«•, orp-, coming after ‘homo,* indicates the position of the CO^H-group. 
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Uses in wavellitic geodos, melts at and solidifies at 60^-62°. The acid 

heated with methyl iodide and potassium hydroxide is converted into the dimethylic 
ether, C*H*((5H*)(0C*H*)(C0*CH*), and this latter boiled with potash yields m ethyl - 
hydroxytoluic acid, C«H2(CH>)*(OH)(CO'‘*H), which crystallises in beautiful 
sublimable needles, melts at 156°, is insoluble in cold water, but dissolVes readily 
in alcohol and in ether. Its haritm salt contains 4H*0. Orthohomometahydroxy- 
bcnzoic acid is not decomposed by hydrochloric acid, oven at 270°i but its potassium^ 
salt, heated with quicklime, yields a liquid cresol which boils at 186°-187®iand when 
fused with potash, yields nothing but salicylic acid (E. v. Gerichtcn a. W. Rossler, 
Ber. xi. 705, 1586). 


Meiboxytolalc Adds, C»H'®0®-C'‘H>(0CH“XCH®)(C00H) (C. Schall, 2?cr. 
xii. 816). The methylic ethers of these acids are best premred by the action of 
methyl iodide on the sodium salts of the hydroxytoluic acids, C*H*(ONa)(CH*)COONa. 
Those of the three meth-homosalicylic acids, OGH® : CH® : COOH = 1:2:6, 

1 : 3 : 6, 1 : 4 : 6, are oily liquids smelling like winter green oil, and decomposing 
partially when boiled. 

Methylic Methoxy-orthomcthylparabcnsoate, or Methylic eOrthomoanisatc, 
OCH® : CH* : GOOCH* =1 : 2 : 4, crystallises in small plates melting at 07® spar- 
ingly soluble in hot water, easily in alcohol, ether, benzene, and chloroform. 

Methylic Methoxy-metmicthylparahcmoatc, or MctahomoaniscUc [1 : 3 : 4], is aP 
thick oil. 

_ These ethers, which are all volatile in steam, are converted into the corresponding 
acids by heating with excess of alkali : • 


OCH’ 

1 

1 

1 

1 

1 


cu‘ coon 

2 0 Feathery needles, m. p. 81° 

3 1 Groups of needles or plates, m. p. 103° 

4 (i Long thin necidles, m. p. 67° 

2 4 Mi fin to silky needles, m. p. 192° 

3 4 Needles, m. p. 176° 


These methoxytoluic acids are converted by oxidation with potassium perman- 
ganate in alkaline solution into tlie corresponding mothoxyphthali c acids, 
C®ll*(OCH“)(COOU)(COOH), and this transformation determines their constitutional 
formulae, and therefore the constitution of the corresponding hydroxytoluic acids 
(p. 1531). The structure of those latter cannot well bo determined hy converting 
tiiem into hydroxjjrphthalic acids by fusion with potasli, as this process is apt to lead 
to transpositions in the side-chains ; neither can the constitution of a hydroxytoluic 
acid be determined by direct oxidation with permanganate, as the benzene-nucleus is 
then attacked and not the CH*-group. 

The following table exhibits the relations between the hydroxytoluic and methoxy- 
toluic acids and the corresponding derivatives of phthalic acid : 


1. • 

2. 

3. 

Orthohomosalicylic acid, 
12 6 
G“H*.OH.GH».COOH 
m. p. = 164°. 

Mctahomosalicylic acid, 

G®H*.OH.CH*.GOOH 
m. p. = 173°. 

Orthohomom ct-hydroxy- 
benzoic acid, 

1 2 6 
G«H>.OH.CH*.GOOH 
rn. p. =- 204°. 

Methorthohomosalicylic 

acid, 

1 2 6 
C*H*.OCH*.GH«.GOOH 
m. p. = 81°. 

Meth- metahomosalicylic 
acid, 

13 6 

G®H>.OGE’.GH».GOOH j 
m. p. = 103°. 

Methoxyortho-methyl- 
miftabenzoic acid, 

G«H*.OGH*.CH*.GOOH 
m. p. = 156°. 

^‘Methoxyisophthalic acid, 

C*H>.OCH».GOOH.GOOH 
m. p. =: 217°. 

Methoxyfcerephthalic acid,^ 

1 2 r> 

GH*.OCH>.COOH.GOOH 
m. p. - 278°. 

jS-Hydroxyisophthalic acid, 

C*H*.Ofl.OOOH.GOOn 
m. p. r= «39°. 

Hydroxytorephthalic acid, 

G®H*.OH.GOOH.COOH 
m. p. above 300°. 
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1 . 

ParahomojiUilicylic acid, 
14 6 

C«H».OH.CH».COOH 
m. p. = 161°. 


Mcthparahomosalicylic 

acid, 

1 4 6 

C«H».OCH>.CH».COOH 


6 . 

Orthohomoparahydroxy- 
bcnzoic acid, 

C«H»OH.CH*.COOH 
m. p. » 172°. 

Methoxyorthomei|;hyl- 
parabenzoic acid, 

C^H^OOff.CmCOOH 

m. p. = 192°. 


6 . 

Metahomoparabydroxy- 
benzoic acid, 

C«H».OH.CH».COOH 
m. p. 178°. 

Methoxymetamothylpara- 
benzoic acid, 

C-H^.OCH^CH-.COOH 
m. p. * 176°. 


Methoxyorthophthalic 

acid, 

13 4 

C^IP.OOT.COOH.COOH 

m. p. = 138°-144°. 


m. p. = 67°. 


o-Methoxyisophthalic acid, 
<. 12 4 

C«H>.OCH».COOH.COOU 
m. p. = 261°. 


a-IIydroxyisophthalic acid, 
C“H».OHfCOOH.COOU 


m. p. above 300°. 


Hydroxyorthophthalic acid, 

C«H».01I.C00H.C00H 
m. p. = 181°. 


Sulpbotolulc Acid, C®IP(CTP)(CO“H)(SOHl). This acid is obtained by oxida- 
tion of thiocymone (from camphor) with nitric acid, and may be purified by conversion 
into the lead salt and decomposition of the latter witli hydrogen sulphide, these opera- 
tions being repeated several times. It crystallises from aqueous solution in long thin 
hydrated prism.s (Flesch, l?cr. vi. 481); in concentric groups of needles containing 
1 mol. water, easily soluble in wate.r, alcohol, and ether (llechler, »7. pr. [2], viii. 

170). The potassium salt, CMl*(0O‘‘*H)(SO*K) + 3H*(), crystallises from a solution of 
the acid incompletely neutralised with potash, in well -defined prisms. Tho lead salt, 
C'H*(CO*)(SO’)Pb + 3H*0, separates immediately as a granular powder on adding 
lead carbonate to tho warm aqueous solution of the acid ; by evaporating the solution 
it may bo obtained in granular crusts (Flesch). According to Bochler (who, however, 
did not obtain it quite pure) it contains only 1 mol. IPO. Tho magnesium salt, 
C^H"(C02)(S0’)Mg + 3H*0, crystallises in tufts of colourless needles, very easily 
soluble in water (Bechler). 

By fusion with potash, this sulphotoluic acid is converted into a hydroxytoluic 
acid melting at 202°-203°, and therefore different from any of tho five hydroxytoluic 
acids above described (Flesch). 

Fittica {Liebig's Annalen, clxxii. 328 ; Ber, vi. 942) describes a sulphotoluic acid 
isomeric with the above, obtained by adding thiocymenc from thymol to nitric acid of 
sp. gr. 1*2, and evaporating tho solution to dryness on a water-bath, and purified by 
boiling the residue with alcohol, decanting the mother-liquor from tho crystsils which 
separate on cooling, and rocrystallising the product seVeral times. The acid thus 
prepared is insoluble in water, sparingly soluble in alcohol, and crystallises therefrom 
in stellate groups of anhydrous needles molting at 190°. It dissolves in ammonia ; 
blackens, and yiel(l%.sulphuric acid when boiled with aqueous potash, soda, or baryta ; 
and is decomposed even by heating with water or ctilcined magnesia. Its magnesium 
salt, C'H®(CO®)(SO*)Mg, formed by boiling Che alcoholic solution of tho acid with 
magnesia, separates in yellowish crystals, which under the microscope exhibit rhombic 
forms. . 0 

Alphatoluio'or Pbenylaoetio Aotd, C”H^CH^.COOH. Tho amide of 
this acid is formed by prolongkl heating of benzyl cyanide with an alcoholic solution of 
potassium hydrosulpnide (p. 314), and when heated with alcoholic potash is converted 
into the acid melting at 66°-67°. 

Potassium phcnylacetate is decomposed by the electric current into the base and 
acid, but the acid is quickly oxidised by the oxygen and ozone evolved at the positive 
pole, to benzaldehydo and benzoic acid. A solution of the 'free acid is but slowly 
electrolysed, yielding the same products,, together with two neutral substances, one 
melting at 90°-93°, the other at 116° (Slawik, Ber. vii. 1061). Phcn^cetic acid in 
alkaline solution is oxidised by potassium permanganate to benzoic acid ; and when 
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ozonised oxygen is passed into the same solution, benzaldehyde is given off, and 
benzylic phenylacetate, C®H*.OH'‘‘.OOOCH^C®H’), is obtained as a light yellow 
liquid having a faint aromatic odour, a density of 1*101, and boiling at 317®-319® 
(Slawik). 

Fhenylacetic acid, heated with phthalic anhydride and sodium acetate, is converted 
infcobenzylidene-diphthalyl, (p. 1620). 

a-Tdunitrilf Phenylacetonitrilt or Phenyl-methyl Cyanide^ C"H*.CH*.CN, is th^ 
chief constituent of the essential oils of the garden cress {Lepidium sativum) and the 
garden nasturtium ( TropcBolum majiis). See Crkss-oils (p. 684). 

Parahromalphatoluic aczrf.'C iI*Br.CH*.COOH, formed by heating />-bromo- 
bonzyl cyanide at 100®, with hydrochloric acid in sealed tubes, crystallises in long 
white needles, which melt at 114‘5°. It decomposes carbonates very slowly, but dis- 
solves readily in ammonia and soda-ley, forming salts. By oxidation with chromic 
acid it is converted into parabromobonzoic acid. 

Ammonium parabromalphatoluate forms white needles easily soluble in water. 
The silver salt, O^H®Br.GO=‘Ag, is a white precipitate nearly insoluble in water ; the 
copper salt, (C'H®BrCO“)"Cu, a bluish- green nearly insoluble preeij^tate ; the calcium 
and barium salts crystallise from water in needles (.lackson a. Lowery, Ber, x. 1209). 

Para-iodalphatoluic acid, G®H<I.CH-.COOH, formed in like manner from 
tlie corresponding cyanide (p. 2007), and purified by crystallisation from boiliri^ 
water, forms white acuminated plates melting at 1.35®, sublimes in needles, dissolves 
readily in hot water, also in alcohol, ether, benzene, carbon sulphide, and glacial acetic 
acid. By chromic acid mixture, it is oxidisai to ^-iodqjjen zoic acid. IXjs silver 
salt, C"H^I.CH®.CO()Ag, crystallises from boiling water, in which it is slightly soluble, 
in shining plates ; the salt, (C®H^I.CH'''.C()0)“Ba + forms small white 

easily soluble needles; the caloium salt, easily soluble branching needles. With 
solutions of heavy metallic salt-s, n-iodalphatoluic acid forms variously coloured pre- 
cipitates (Mabery a. Jackson, Ber. xi. 65). . 

TOXiUZC AXiBEHTDSS, C«H«0«G«H®(CH»)O0H. Ortbotoluic Aldehyde is 
prepared by heating orthoxylyl chloride, G"H*C1, for an hour with ^ mol. lead nitrate 
and 6 or 7 pts. water : 

C«.CH».G1FGI.H‘ + Pb'NO^ = PiyGl + NO'^H + G®.Cll=*.GOU.H*. 

It is a yellowish, strongly refracting liquid, smelling like bitter almond oil and 
cinnamon oil, boiling at 2U0®, and forming a crystalline compound with hydrogen- 
sodium sulphite (Lituth a. Grimaux, BiiU. Soc. Chim. [2], vii. 233 ; Kayman, 
xxvii. 498). By sodium-amalgam and water it is converted into the corresponding 
xylyl alcohol, C®H\CH*),GiTOH, which crystallises in needles soluble in .alcohol, 
slightly soluble in water, melts at 54®, and boils at 210®. At the same time there is 
formed a body analogous to hydrobenzoi'n, melting at 173® (Bayman). 

Bydroxytolulc Aldebydes, = G®H®(OiI)(GH®)GOH (Tiemann a. 

Schotten, Bcr. «i. 767). These compounds are prepared from the three isomeric 
cresols by the action of sodium hydroxide and chloroform : 

C'lPO + 4Na01I + CUCP - 3NaGl + 3H-0 + G'H“(ONa)GOn. 

20 pts. of the cresul are heated in a fiask with inverted condenser with a solution of 
60 pts. sodium hydroxide in 150 water, and 30 or 40 pts. of chloroform are gradually 
added. The mixture, whicii usually becomes cherry-red, is acidified at the conclusion 
of the reaction, and distilled in a current of steam. The aldehyde homologous with 
salicylic aldehyde then distils over, togetlier with unaltered cresol. The remaining 
liquid, filtered from a resinous compound (rosolic acid), deposits jn cooling crystals of 
a homologue of parahydroxy ben zoic aldehyde, when ortho- or ineta-cresol has been 
used ; paracresol, on the other hand, d(^s not yield a similar compound. * 

The homoporahydroxybenzaldehydes from o- and m-cresol, like parahydroxybenz- 
aldchyde itself, form easily soluble compounds with hydrogen-sodium sulphite; the 
three homosalicylic aldehydes, on the other hand, like salicylic aldehyde itself, form 
sparingly soluble compounds with tliat salt. • 

Orthocresol, treated as above, yields the two following compounds: 

OrthohonwsalicyliG aldehyde, C®H®(OHXGH*)(GOH) = (1 : 2 : 6), melting at 170® 
to an oil, which boils at 208®-209° ; and 

Orthohmaparahydroxybesizaldehy^, G®H®(OH)(GH®)(GOH)-(l : 2 : 4), crystal- 
lising from water in lopg feathery prisms, which melt at 115®. 

From metacresol have been prepared : 

Mctahonwialieplic aldehyde, G*H^OH)(OH*)(COH)=s(l : 3 : 6), melting at 64®, 
boiling at 222°-223® ; and 
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Metah>mo'par<wxyhenealdehydey C*H’(OH)(CH’)(GOE)»(l : 3 : 4), which ciystal- 
lises from water in white tabular plates, which melt at 110^. 

Faracresol gi^es only oiie aldehyde, namely : 

ParaJiomosalwylic aldehydCy C'‘H*(OH){GH")(COH) = (l ; 4 ; 6), a bright yellow 
oil, solidifying at 40°. When crystallised from dilute alcohol, this aldehyde melts at 
66®, and boils at 217°--218°. 

The three homosalicylic aldehydes dissolve sparingly in water, easily in alcohol, 
ether, and chloroform. With ferric chloride, the ortho-aldehyde gives a bluish, the 
meta- a violet, and the para- a deep blue colour. They smell like salicylic aldehyde, 
which they further resemble in being coloured ye41ow by alkalis, and in the sparing 
solubility of their ammonium salts in excess of ammonia. Alcoholic solutions of these 
aldehydes, mixed with a little ammonia, give white precipitates with lead acetate and 
silver nitrate ; with copper sulphate they give green precipitates, which are not dis- 
solved by excess of ammonia. 

The two homoparahydroxybenzaldehydes dissolve in hot water, easily in alcohol, 
ether, and chloroform. With ferric chloride the ortho-compound gives a bluish violet, 
the meta-compound a bright rose-red colour. Their alkaline solutions are colourless. 
With metallic salts they behave like the homologues of salicylic aldehyde, but their 
precipitates with cupric sulphate dissolve in excess of ammonia. 

« The hydroxytoluic aldehydes are converted by oxidation with potassium perman- 
ganate into the corresponding hydroxytbluic acids, very slowly when the aldehydes 
arc simply dissolved in water, more readily in presence of acetic acid. The easiest 
way of effecting the conversion is to fitse the aldehydes with potassium hydroxide 
containing a little water, tllo fusion being continued for a few minutes, water then 
added, and the acids precipitated by hydrochloric acid (p. 2p‘^.3). 

Parahomosalicylic aldehyde is remarkable far the facility with which it 
crystallises, and reacts with other bodies. By treating it, in quantities of a few 
grams, with excess of sodium-amalgam, for a day or two, neutralising exactly with 
sulphuric acid, and extracting with ether, parahomosaliyenin (parahomosalicylic 
alcohol), C‘H^(OH)(CH*XCH*OH) = (l : 4 : 6), is obtoined in colourless brilliant 
needles, melting at 105°, which may be purified by crystallisation from a small quan- 
tity of hot water. Parahomosaligenin dissolves etisily in alcohol and ether, and in all 
proportions in boiling water. It reacts like saligenin. In neutralising as above with 
sulphuric acid, a small quantity of a compound is usually precipitated, which melts at 
20()°-205°, and probably consists of a homologuo of salirotin. 

When parahomosiilicylic aldehyde is boiled for five hours with methyl iodide and 
a solution of potash in methyl alcohol, and the mixture poured into water, niethyl- 
parahomosalicylic aldehyde separates as an oil, which, after washing with water and 
soda-solution, boils at 254° ; it smells like creasote, and does not react either with 
ferric chloride or with caustic soda. 

The potassium derivative of the aldehyde, when suspended in anhydrous ether and 
treated with acetic anhydride, gives a corresponding acc^?/Z-derivative, which melts at 
57°, and is also unaffected by ferric chloride. It combines with Itydrogen-sodiuni 
sulphite, and unites directly with 1 mol. of acetic anhydride, to form a compound from 
which the aldehyde character has entirely disappeared. This compound melts at 94°, 
and is completely decomposed by Ijoiling water and by soda-solution. 

An attempt was made, by boiling the aldehyde for an hour with an equal -weight 
of dry sodic acetate and excess of acetic anhydride, to obtain homologues of coumarin 
and coumaric acid : * 


O-GO 

G-H^GH’) I and 


(?>H>(CH>) I cooir. 


Thb product was poured into water, and thif oil which separated taken up with 
ether. The ethereal solution was shaken, first with sodium-hydrogen sulphite solution 
to remove unaltered aldehyde, and thou with sodium carbonate to remove acetocou- 
maric acid, which is- always formed in this reaction. On evaporating the remaining 
ethereal solution, a well-crystaljised product was obtained, which smelt of coumarin, 
and gave on analysis numbers which pointed to its being a mixture of methyl-cx)U- 
marin and the above-mentioned addition-compound of acetoparahomosalicylic aldehyde 
with acetic anhydride ; it melted between 60° and 88°. The acid extracted from 
the ethereal solution by sodium carbonate, having been boiled with alkalis to remove 
the acetyl-group, gave an acid which melted at 185°, and showed the crystalline form 
and reactions of orthocoumaric acid. *. 

Parahomosalicylic aldehyde and orthohomoparaoxybenzaldehyde,*on nitration, 
yield only orthonitro-derivatives, the first melting at 141°, the second at 162°. Both 
are crystalline bodies, insoluble in cold, soluble in hot water, and both exhibit the 
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aldehyde character. Ordinary salicylic aldehyde, according to Mazzaia, giyes an ortho- 
and a pa^nitro-derivative. But in the hydroxytoluic aldehydes above described, the 
para>position is already occupied, in the first by a methyl-^oup, in the second by 
a COH-group ; those aldehydes, therefore, give only orthonitro-compbunds (Schotteu, 
Ber, xi. 784). 

TOKVZBZiras, C®H\NH*).CH*. See Toluenes (Amido-), (pp. 1995, 2000)f 

TOKUQUZSroiTB, C'H*02 = C-H*(CH»)02 = O.CH®.0.H.H.0.H (Nietzky, Bcr. 

X. 832, 1934^. This compound is formed by the oxidation of paradiamidotoluene or 
of orthotoluidine dissolved in sulphuric acid, with manganese dioxide, potassium 
dichromate, or ferric salts ; and in like manner, though less readily, from amidazo^ 
toluene. It crystallises in golden-yellow, sharply-pointed, rhombic laminae, having the 
(iharacteristic odour of qui nones, very volatile, melting at 67°, slightly soluble in cold, 
more readily in hot water, very easily in alcohol and ether. The aqueous solution 
has a golden yellow colour, and is turned brown by alkalis. 

Chlorotoluquinones* The di- and tri-chloro-derivatives of toluquinone, which 
Gracbe a. Borgmann obtained by the action of potassium chlorate and hydrochloric 
acid on the mixture of cresols from coal-tar, have Ijccii further examined by South- 
worth (Liebig's Awialeii, clxviii. 267), who has prepared them from the pure isomeric 
cresols. 

Metncresol treated with potassium chlorate and hydrochloric acid becomes first 
black, then red, and is ultimately converted into small yellow globules which quickly 
solidify and sink to tl. . ' ottom j and by washing these with water and distilling them 
with steam, die hlorotolU qui none,* CGPCl-0*, is obtained as a yellow crystalline 
mass. This compound crystallises from alcohol in yellow, transparent tables, which 
become brown on exposure to light. It is slightly, soluble in water, but dissolves in 
alcohol and ether. It may be sublimed, but decooposes partially at the same time. 
Solution of sulphurous acid converts it very readily into the corresponding quinol, 
C®lICr-‘.CH*.(OH)'-, a colourless body, which, when crystallised from water, retains 
wat(^^ of crystallisation, probably 211*0. It melts between 167° and 169°, and may 
bo sublimed without decomposition. By treatment with acetyl chloride it fiirnishes 
an acotyl-dcrivativo which crystallises from alcohol in small clustering needles melt- 
ing between 122° and 124°. 

Dichlorotoluquiiiono is not reduced to toluquinol by the action of sodium- 
amalgam. 

Orthocresol similarly treated yields a mixture of di- and trichlorotoluquinono, 
convoriiblo by reduction with sulphurous acid into the corresponding di- and tri- 
chloroqiiinols, which may easily be separated by distillation with water, the 
former volatilising readily with the steam, while the latter remains in the residue. 

Dichlorotoluquinol, C“HC1*.CH*.(0H)*, melts at 119°-1 21°, sublimes easily, and 
crystallises from hot water in feathery needles. 

Trichlorotoluquinol crystallises from the solution left after distillation in long 
needle-shaped crystals. It melts at 211°~212°. This was the melting point found 
by Borgmann for his trichlorotoluquinol obtained from coal-tar cresol, which also 
agrees with this compound in the rest of its properties. It would, therefore, appear 
that the two compounds Lie identical, and hence that orthocresol is an essential con- 
stituent of the cresol from coal-tar. 

The trichlorotoluquinono above mentioned is identical with that which Hayduck 
obtained by oxidising orthotoluidine-parasulphonic acid with potassium chlorate and 
hydrochloric acid (p. 2017). 

Paracresolt on account of its structure, is incapable of conversion into a quinone ; 
when treated with potassium chlorate and hydrochloric acid it yields nothing but 
dark-coloured uncrystallisablo products. 

Toluqnlnol, C’H®0® = C®H®(CH*)(0H)(0H) ^(Nietzki, j5cr. x. 832, 1934; xi. 
1278). This compound is formed by the action of sulphurous acid on the quinone, 
and crystallises from hot benzene in broad colourless needles, which melt at 124° and 
sublime partly without decomposition. It dissolves very readily in water (much 
more readily than the 6-carbon quinol), also in alcohol and ether, less readily in ben- 
zene. By slow oxidation it is convert^ into a qninhydrono, then into toluquinone. 
The quinhydrone is obtained in nearly black slender needles on mixing the aqueous 
* • 

• In SouthwortlVs paper these chlorinated quinoncs ore distinguished as chlor-ortho- or chlor-mttn- 
quinones, according to the cresol from which they aro formed ; but as there can be only one tolu- 
qtiiuonc, viz., that above formulated, these terms arc not very appropriate. 
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solutions of molecular proportions of toluquinone and toluqninol, and agitating the 
yellow-brown liquid with ether. It melts at 52^. 

Toluqninol heated with axictyl chloride yields a di acetyl -derivative, which 
crystallises in laige colourless plates, melts at 52®, and is converted by oxidising 
agents into the toluquinone. 

MethyUtoluquinole, — Amixtureof 12pts. toluquinol and SOpts. methyl iodide, 
heated for 12 hours at 1 00° with 8 pts. sodium hydroxide andlOO pts. methyl alcohol (or 
better with a solution of the calculated quantity of sodium in methyl alcohol), yields, 
as chief product, dimothyltoluquinol, together with a small quantity of 

monomethyltoluquinol, C*H*®0*. The latter melts at 72°, boils at 245°, dis- 
solves in benzene, is but slightly volatile with water-vapour, and is converted by 
oxidation into toluquinone. Dimethyltcluqniml is slightly soluble in water, insoluble 
in aqueous potash, boils at 214°-218°, and likewise volatilises with water-vapour. 
By oxidation in glacial acetic acid (1 pt. of the quinol in 12 pts. acetic acid and 8 pts. 
water) with potassium dichromate (1*3 pt.) and sulphuric acid (3 pts.), it is converted 
(like ethyl-pyrogallol) into dihydroxymethyl-ditolylqu inone, 

= C®H®(CH*)(0CBP').0 — 0.(0CH*)(CH*)C®H“. This last compound is nearly insoluble 
in water, but dissolves easily and with deep yellow-red colour in alcohol, ether, 
glacial acetic acid, and benzene, and ciystallises in light brick-red or brown needles 
wluch melt at 153°, and sublime when cautiously heated above the molting point. 
By heating with aqueous ammonium sulphide it is converted into the corresponding 
hydro-compound, which crysti^lises from alcohol or benzene in slender 

needles melting at 173° ; is i early insoluble in acids, and is reconverted by oxidation 
into the quinone-like body. 

When dimethyl-toluquinol is heated for several hours at^fOO® with eight or ten 
times its weight of strong hydrochloric acid, there is formed, together with methyl 
chloride, a substance having the composition « 

CI4J£1203 = C«H2(C1P)(0H)— 0— (OH)(CH»)C«H2 
which is that of the anhydride of tctrahydroxyditolyl, 

C«H2(CH*)(OH)*— (OH)'^(CH»)C»m 

This anhydride is insoluble in water, soluble in alcohol and benzene, and crystallises 
from the latter in long flat needles containing benzene, from alcohol ‘in colourless 
shining laminse which efiloresce when heated. It unites with 1 mol. water, but it is 
not yet decided whether the water is taken up as water of crystallisation or wliethor 
the resulting hydrated body consists of tetrahydroxyditolyl. The anhydride heated 
with zinc-dust yields a semi-solid hydrocarbon having the odour of lemon-oil. 

TOKUTZi, C*H’0 = CIP.C®H '.CO. A monatomic acid radicle homologous with 
benzoyl, C®H*.CO. The same name is sometimes applied to the phenolic radicle, 
C'H’ = CIP.CH®, properly called Tolyl. • ♦ 

TOXiUTXi-B&irZOZC ACZD, C*®IP''0> = CIP.C«H'.C0.C«H<.C02H. This acid 
is formed, together with ditoly 1 -ketone and diphenyl-ketone-dicarboxylic acid, 
CO*H,C*H®.CO.C*H^CO‘‘'lI, by the oxidation of ditolylmethane, CH*.C®H^CH''.G“H'‘.CIP, 
with a mixture of potassium chromato and dilute sulphuric acid (Weiler, Ber, vii. 
1181); also, together with a dicarboxylic acid, (C“lP.CQ®II)“CO, by oxidation of 
ditolyl-ketone with a mixture of chromic acid and glacial acetic acid (Ador a. Krafts, 
Comyt revd. Ixxxv. 1163). It 8 eparat<« from the solutions of its salts on acidula- 
tion, as an extremely gelatinous’ precipitate, convertible by drying and trituration 
into a white powder,* and crystallises from methyl alcohol or acetone in slender 
shining needles. It dissolves with great difficulty in cold, and only sparingly in hot 
water, but readily in methyl alcohol, ethyl alcohol, acetone, glacial acetic acid, potash, 
0 oda, and ammonia, less easily in benzene and in chloroform. Strong sulphpic acid 
dissolves it, even at ordinary temperatures, more readily at a gentle heat, forming a 
golden-yellow solution*, from which it is thrown down by water as a white flocculent 
precipitate. It melts at 222°, anil at a higher temperature undergoes partial carbon- 
isation, and yields a white woolly” sublimate (Weiler). According to Ador a. Krafts 
it melts at 228°, and sublimes without decomposition. potaesium salt^ C'^II'^KO", 
forms tufts of long white needles. The sodium and amrtmmm salts also crystallise 
well (Weiler). 

TO&mrUWB. Syn. with Stilbbnh or Diprbnylethyleke, 

= C^H^(G*H^)* (p. 675). The same name is sometimes applied in combination to the 
diatomic radicle O’H*, more appropriately called Tolylette (q.v.) 
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TOliTK,* OT Methyl-phenylt A monatomic radicle, meta- 

meric with Benzyl or PuBNYii-METHYL, CH*(G®H*). 

On Ditolyl, CH*. C®H\C®H^CH*, and its derivatives, see pp. 691-693. 

TOXiTK AXiDfiBYDB. Syn. with Toluic Aldehyde (p. 2027). 

TO&Y]Q CYAXrZDB, C^IP.NC, is converted into tolyl-thiocarbimidtff 
C’ll^N— CS, and tolylthiocarbamide, CS[N1I(C^H0]*» i" s®*®® as phenyl 

cyanide into the corresponding phenyi-compounds (p. 1546). 

TOBYB-AMZBOOBYCOXiZi-i^MZDBB, -ABZZiZDBS, and -TOBVZBBS. 

See Glycollamides (pp. 882, 883). 

TOBTBAMZNBS, G«HXNH‘0.CH>. Syn. with Toluidines. 

TOBYXARSBBZC COMPOUBBB (La Goste a. Michaelis, Ber, zi. 1888). 
Ortho-momtolylarsenious Chloride^ AsCl^.G'H^ is obtained by the action of (ortho)- 
morciiry-ditolyl on arsenious chloride. It is a colourless liquid of faint of^our, 
boiling at 264°-265°, and may bo distilled unchanged in an atmosphere of carbonic 
anhydride. It is converted by chlorine-gas into the tetrachloride AsCP.G'H', a 
yellow liquid, which is decomposed by water into hydrochloric and monotolylarsenic 
acids. The corresponding para-compound is similarly obtained from (para)-mereur>*- 
ditolyl (m. p. 235®). It crystallises in colourless plates, which melt at 31°, and dis- 
tils unchanged in an atmosphere of carbonic anhydride at 267®. The tetrachloride 
solidifies at a slightly reduced temperature ; Vater decon^oscs it similarly to the 
ortho-compound. Both the above chlorides are converted by aqueous sodium carbon- 
ate into monotolylarsen''Ti<les, AsO.G^H’. These are white powders, resembling 
arsenious oxide, easily soluble in hot alcohol, insoluble in ether. 

The ortho-compound fuses at 146°, the para-compound at 156°. On raising the 
temperature, both undergo decomposition, with liberation of arsenious anhydride, the 
latter yielding tritolylarsiiic crysUdlising in plates (lu. p. 129°-130°). 

Orthomonotohflarsinic add^ C^H^.AsO(OH)^ is the product of the action of water 
on the trtrachloride previously mentioned. It crystallises from its aqueous solution in 
slender needles, which molt at 160° to a colourless liquid. The para-compound, 
similarly prepared, crystallises from its aqueous solution in long needles, which on 
heating do not melt, but are decomposed at a temperature of 300°. 

TOBYB-BUTYBBITB, GIRCW.CIP.C’H*, is formed^ together with 

diallyband dixylyl, by heating 1 mol. rnetaxylyl chloride, CH*.G“H*.GH*C1, 1 mol. 
allyl iodide and 4 at. sodium on the water-bath till reaction begins, then 
cooling the mixture to prevent the action from becoming too strong, and again heating 
it on the water-bath for six or eight hours. The pure tolyl-hutylono, separated from 
the crude product by filtration and fractional distillation, is a limpid liquid having a 
sweetish odour, boiling at 195°, and uniting with bromine to a colourless oil which 
does not solidify at —10° (Aronhoim, Ikr, ix. 1789). 

TOBYB-CABBAMZBE, or TOBYB-VBBA, = NlP.GO.NH(G»H’), 

Sell obtained a monot olyl-carbamide by the action of potassium cyanate on toluidino 
sulphate, and described it as crystallising in white needles, and decomposing at 158° 
into ammonia and ditolyl-carbamido (i. 872). Schwebel {Ber, xi. 1128) obtains a 
tolyl-carbamide, together with tolyl-hydantoic acid, tolyl-hydantoin (y.u.), and tolui- 
dine, by fusing tolylglycociiie with urea. The tolylcarhamide thus obtained crystal- 
lises in silvery needles, insoluble in water, not attacked by acids or alkalis, and de- 
composing at about 200°. Lastly, a tolyl-carbamide molting at 182° is obtained by 
the reaction described in the following article. As all these three products were 
obtained from ordinary j[?-toluidine, it is probable that the differences between them 
are duo to different degrees of purity. ^ • 

T0BYL-CABBZBr03P, G^H’^O = GIP.C®H^CH*OII. Syn. with Xylyl Alco- 
hol (g'.v.) ’ 

TQBTBCABBOBZZMZBOTBZACBTZC AC|B, 

C«H>WSO« = 

is formed, like the corresponding phenyl-compound (p. 1555), by the action of mono- 
chloraceiic acid on |}-toluidine thiocyanate, or on a mixture of a metallic thiocyanate 


• There is some confusion in the use of this term, as It is applied sometimes, as above, to the 
7-caTbon radicle, methyl-phenyl, CH“.C*H*— , sometimes to the 8-cnrbon radicle, C*H* 
= CH*.C*H*.CH^ ; out this latter, being derived from xylene, is better called ‘xylyl,* ejg, C*H*Br 
s= CH*.C*H*.ClI"Br s= bromoxylene OT xylyl bromide. 
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intb toluidine. It mAlts at 176°>182°, and is resolved by prolonged heating vrith 
sulphuric acid into thioglycollic acid and ji-tolyl-carbamide. melting^at 182° * 

C>«H'*N*SO* + H*0 = CH*(SH).COOH + C*H>»N*0 
(Ncncki, J, jpr, Chem. [2], xvi. 1 ; Jager, ibid, 17). 

TOXiTK-CB&OSACBTAMZl>a, CH^Cl.CO.NHCO^H^CH’). See AcsTAifinKS 
(P. 7). 


Zli-TOnXiDZAZnrS, = CH*.C«n«.N=N.C«H^CH» Asotoluenea,^ 

The ortho- and |)am-modifications (a and 265; vii. 1163) are formed by 

reduction of liquid and solid nitrotoluene respectively with sodium-amalgam. The 
/lara-compound is however more readily obtained in the pure state by oxidation of 
^Mlitolyl-hydrazine (p. 1057). It melts at 144*^-145°, sublimes with decomposition, 
and is less soluble in alcohol than the ortho-compound (FetrieiF, Ber. vi. 556). It 
may also be prepared in considerable quantity by oxidation of ^toluidine: 
(a). With bleaching powder in presence of chloroform (K. Sclimitt, J, pr, Chem. [2], 
xviii. 196); (5). By drenching the toluidine with a quantity of hydrochloric acid not 
sufficient to dis^lve it completely, and then treating it with a solution of potassium 
permanganate. The ethereal extract of the resulting masS leaves on evaporation a 
^black mass, from which petroleum-cthcr extracts a subsbince crystallising in reddish 
needles, having the composition and melting point of ditolyl-^-diazin ; and the second 
and third ethereal extracts of the crude product yield crystals melting at 244°-245°, 
and having the composition of ditolyl-ditolylene-tetrazin^ C*®ll***N* (Barsilowsky, Ber. 
vi. 1209 ; xi. 2153). See«(p. 203 1. 

Bromo-p-ditolyldiazin, obtained by direct brominatioj;„,cry8tallises in concentric 
groups of needles, which dissolve with difficulty in alcohol and ether, easily in chloro- 
form and benzene ; it melts at 136°, and sublimes without decomposition at a higher 
temperature. 

Mm\onitTQ-^-diiolyldmzin (m. p. 76°) and the dinUro^compound {to. p. 1100°?) 
are formed by heating the paradiazin with nitric acid of sp. gr. 1*4, the dinitro- 
compound separating from an alcoholic solution on cooling in yellow needles, 
and the mononitro-compound from this mother-liquor in white needles. Stronger 
nitric acid of sp. gr. 1*54 converts the paradiazin into a trinitro ditolyloxydiazin, 
C'^H"(NO*)*N*0, melting at 201° (Petrieff); compare vii. 1163. 

Orthoditolyldiazin may be advantageously prepared by oxidising o-toluidino 
with potassium permanganate, the yield amounting to 30 per cent, of the toluidine 
used. It is nearly insoluble in water, but dissolves readily in alcohol, ether, benzene, 
carbon sulphide, and chloroform, and crptallises in well-defined prisms having a fine 
red colour, and melting at 55°. It volatilises readily with water-vapour, is not attacked 
by boiling soda-ley, but dissolves in strong sulphuric acid, and is precipitated from 
the solution by water, apparently unchanged. It is not altered (neither is the para- 
compound) by further treatment with potassium permanganate (Hoogewerff a. van 
Dorp, Ber. xi. 1202). 

Metaditolyldiazin^ prepared by reduction of metanitrotolueno with sodium- 
amalgam, or better with zinc-dust and alcoholic potash, separates from alcoholic 
solution in large orange-rod crystals very much like those of diphenyl-diazin (azo- 
benzene). It melts at 54° (Barsilowsky, Ber. x. 2098, 2240). A. Goldschmidt (ibid. 
xi. 1625) obtains the same compound, together with mctatoluidine, by distilling the 
crude product of the action of alcoholic potash on metanitroluene, and finds that it 
crystallises in large red tablets melting at 51°, insoluble in water, easily soluble in 
alcohol and benzene, deliquescing in ether into symmetrical metaditolyl-hydrnzine. 


Ortlio-amidoditolyldlaain, or o-iUnMasotoluene, 

** • CJI" CH' 

O O 

= C’H'.N=N.C’H*(NH*), op 

. \/ \/ 

This compound is formed by treating orthotoluidine fioating on a saturated solution 
of common salt with nitrous acid ; and on washing the resulting thick dark-brown 
oil with soda-ley, and treating it with hot dilute hydrochloric acid, the liquid on 
cooling, especially after addition of strong hydrochloric acid, deposits laminie of 
amidoditolyl-diazin hydrochloride^ which after drying in a vacuum has the composi- 
tion C‘^II“N*,HC1 ; it gives off hyd^hloric acid at 100°, dissolves sparingly in cold 
water, easily in water acidulat^ with hydrochloric acid, and in'alcohol. The base 
separated by ammonia forms thin laminae or tabular crystals having a golden lustre 
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and blue surfiice-sbimmcr, melts tat 100®, and dissolves readily in alcohol and ether, 
but is insoluble in ■water. Its salts have an orange-yellow colour, and are decom- 
posed by water ; the silver salt forms golden-yellow easily decomposible lamincOi ; the 
vlaiiTUKhloridCf thin brown plates, which when dried at 100® have the composition 
(C“H**N*,HCl)«PtCl^ (Niotzky, Her, x. 662, 116o). 

CH» CH» 

Ortho-amMotolylparatolyKUo zin, C"TI«(NH'0.N2.(3’^n' 


is very much like ortho-amidotolyl-o-tolyldiazin ; it melts at 127®-! 28®, and forms 
salts which have a steel-blue lustre and exhibit a crimson colour in acid solution. 
The h/drochlmidc^ C ‘II'*N®,1IGI, crystallises in cinnabar-red needles; the plafino- 
chloride itS insoluble in water, and conbiins 5 percent, water, which it gives off at 130®. 

Amldopbenylparatolyldlazin, crystallises in needles 

an inch long having a dark yellow colour and blue shimmer ; melts at 147®; forms a 
rose-coloured hydrochloride crystallising in nacreous rhombic tablets, and a platino-* 
chloride which crystallises in brown needles, and when dried at ISO'’ has the com- 
position (C’"II'®N*,HCl)'-'rtCP. The silver sail, (C>=*E*“N®)‘‘^AgOH (at 100®), crystal- 
lises in golden-yellow scales. ♦ ^ 

Metamldoditolyldlazln (metamidazotoluene) is easily formed by the action 
of nitrous acid on mctatolv’-^ine. Its salte are but slightly soluble in water ; the hydro- 
chloride crystallises from alcol.ol containing hydrochloric acid in long dark steel-blue 
needles which are decomposed by water ; the acid solutions of the salts have a line 
red colour. The base itself forms goldou-yeUow nccd’es meriting at 80®. The platbio- 
ckhride, (C’'*I[‘®N®,HCl)‘‘*PtCl‘‘ (at 130°), forms yellow, inctallically lustrous laminm, 
nearly insoluble in water and in alcohol. Paratoly}di(izin-~toli/lamidG and vida- 
toluidine hydrochloride react in alcoholic solution, with elimination of p-toluidinc, 
forming metamidotolylparatolyldiazin, which crystallises in yellow lamimc melting 
at 127°. The hydrochloride of tin’s base consists of stellate groups of steel-blue 
laminae; piatinochloridc, (C“lP*N®,lll)'-PtCP, of sparingly soluble noodles having 
a bronze lustre. 

Ortho-nmidoditolyldiazin and aniline hydrochloride heated with alcohol at 160° 
yield a roil dye-stuflCrp^’embling safTranin, which dissolvt's in water with rod, in strong 
hydrochloric acid with deep blue colour, changing to rod on dilution. The ^-o-com- 
puund yields a violet colouring matter ; the lolylphonyl-compound a violet colour with 
ortho-, a blue-violet with ^j-toluidiuc. These colouring matters arc reduced by zinc, 
yielding colourless solutions, which quickly become coloured on exposure to the air. 

The mixture of bases obtained by reduction of inetamidoditolyldiazin gave by 
oxidation, after aeWition of a small quantity of ortliotolnidine, the gr«)cn coloration 
characteristic of (7>i-o)-tolylcnedi amine (vii. 1180). Hence, in tlie bodies .above 
described the subst ituted groups probably stand in the positions 1 (methyl), 2, 5 
XNietjski, loc. cit.) 

Tolylamldotolyldiazln, = CEI^N=”N.NII(C^II'). Viaeotoluvnc- 

amidoioluene (Niotzki, Jicr, x. 662, ll.'iS). — This compound is formed by dissolving 
2 pts. paratoluidine and 1 pt. amyl nitrite in 8 to 10 pis. ether, and leaving the solu- 
. tion to evaporate in a moderately warm place. It Mum remains as a crystalline pulp, 
which may bo purified by washing with alcohol. When mixed in ^ alcoholic solution 
with hydrochloride of aniline or orthotoluidiue (not of paratoluidine), it unites with 
tliose compounds, forming salts of di..midotolyldiazins— bodies homologous 
with chrysdidine ox phmyl-m-diamidoplwnyldiazin, N.C“Il®(Nir‘“)® (p. 469). 

To prepare these compounds, a mixture ot tolyl-tolylamido-diazin "with somewhat 
more than the theoretical quantity of aniline hydrochloride or orthotoluidino hydro- 
• chloride is drenched an eight to ten- fold quantity of alcohol, whereupon the roiiction 
takes place attended with rise of temperature, and is completed in three or four hours. 
The product boiled with dilute hydrochloric acid yields a solution which on cooling 
deposits the hydrochloride of the diamido-diazin compound. The reaction may per- 
haps be represented by the following equation : 

C®H^(CH»)Ni=N.NH(C«H«.CH») + C«H<(CH*).NIl* * 
C®H<(0H»)N=N.C«H*(CH®)(NH2)2 + CEP. 

The same cod^uftds may be prep.ared (like chryso’idine) by the action of tolyl- 
diazin salts (diazotoluene salts) on phonylene- and tolylene-diamines (p. 470). The 
following have been obtained by 0. N. Witt {fihem. 8oc. J. xxxv. 181) : 

VoL. VIII. 6 P 
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Orthotolyl-metodiamidophcnyldiazin, or ] 
Orthotolylphenyleno-chiysoidine • i 

J^tatolyl-metadiamidophenyldiazine, or 
Paratolylphenyleno-chrysoidino . 


Phonyl-metadiamidotolyldiiizinfl, or 

Phenyl- tolyleiio-chrj’soidi ne 


CH* NH* 



Orthotolyl-tolylenc-clirysoidine 


CH> Nlill 


ClI'' 


NH* 


Paratolyl-tolyleno-chryisoidino 


ch/ x-n-/ \nip 

** ^ ^ ^ — di- 

The hydrochlorides of these bases form splendid yellow and orange dye-stuffs, 
known commercially as * chrysoidines.* • 

PhenyUtolykne-chrysoidinesiiljphonic acid is represented by the formula : 




Bltolyl-ditolylene-tetrazin, C»II«N« = Caf’N—N.CMP.C’IP.N— NO’H’ 
C’H«N.N.C*H» 

or I II (Barsilowsky, Ber, xi. 2153). This is the compound formed, 

CW.N.N.C'H' 

together with /)-ditolyl-diazin, by oxidation of ^-toluidino with potassium perman- 
ganate (p. 1996). Its formation is explained by Barsilowsky as follows: 2 mols. 
tolnidine are first converted into ditolyl-hydrazino, 0’lI'NH.NiIC^H^ part of which 
is oxidised to p-tolyldiazin, while another portion is converted into the isomeric 
tolnidine, NH-(C^H’).(C^H^)NII=', a molecule of which unites either with 2 mols, 
toluidino, as indicated by the equation : ^ . 

C'H«.NH2 H*N.C'H’ C’H«N=NC^H» 

I -t- -h 20* = 4H*0 + I 

C»IP.NH* IPN.C’H^ C»H»N=:NC'H» 


or with 1 mol. of symmetrical ditolyl-hydrazine : 

CW.NH* HN.Cn' r C^H®N— NC^H' 

I +1 + 0* - 3n*0 -hi II 

C^NH* HK.C'IP NC'H^ 


This compound, ti sated with chlorine or bromine, yields nothing but resinous products. 
liThe hydrasine^ C“IP“NS prepared from it, is dissolved by acids and precipitated 
from the solutions by alkalis without alteration. Its alcoholic solution treated with 
acids forms saline precipitates, of which those formed by sulphuric, hydrochloric, and 
nitric acid cannot be obtained in the ciystalline state. Those formed with organic 
acids are, howewer, more stable, the most characteristic being the oxalate^ 
C**H*N^C*n*0^ + H‘“0, whi'vh is crystalline, slightly soluble in water, easily soluble ' 
in alcohol, especially with aid of heat, but decomposes when heated in an air-bath 
even below 100°, and gives up part of its acid even to water. With methyl or ethyl 
iodide the hydrazine forms only resinous products ; with acetyl chloride it forms a 
crystallisable body, consisting either of C'^I1‘^N*(C*I1*0)* or 

Tolyl-oxytolyldiazln, or Ozyasotoluene, C^•H^N=N.OC'H^ formed, 
together with two other compounds, by the action of paratoluidine ^cetate on nitroso- 
phenol, crystallises in orange-yellow prisms, somewhat solub'le in hot water, and 
melting at 151°. It possesses acid properties, and forms a silver salt which crystal- 
lises in shining orange-coloured needles. 
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Bitolyl-ozydlazln, = C’H’N.O.NC’H^ Az(>xytdmM,--V[i\^ com- 

pound, formed, together with ditolyldiazin, by the action of sodium-amalgam on 
nitrotoluene in alcoholic solution, crystallises, according to Mclms, in yellow needles 
molting at 70® ; according to Pelrielf, in laigi laminse melting at 67® (see vii. 1163^.* 

^fb7mhro‘)m)-^~ditolyl-ox^/dia^in (p. 1163), and the corresponding dibromo-cmiF 
pound, are obtained by dissolving p-ditolyl-oxydiazin in bromine not cooled. The 
latter is slightly soluble in alcohol, and crystallises in needles melting at 138® (Petrieff, 
B&r. vi. 666). 

Mononitro-ip~ditolyl~oxydiasm, molting at 84®, and the dinitro-compound at 145®, 
are obtained by heating /)-ditolyl-oxydiazin (m. p. 59®) with nitric Jicid of sp. gr. 1*4. 
Both crystallise in yellow needle.s, and may be separated by alcohol, in which the 
dinitro-compound is insoluble (Petrieff, he, ciL) 

Dlamldotolyl-osydtasdn, C'lI’WO = 

Aeoxytoluidine (E. Bucknoy, JJer. xi. 1451).— This base is formed as a thick pulp on 
gradually mixing a concentrated solution of nitro-p-toluidino in absolute alcohol with • 
very small pieces of sodium-amalgam (50 g. substance being reduced in U to 2 days). 
It may be purified by recrystallisation from a largo quantity of water, and then form.s 
small yellow needles melting at 148*^, slightly soluble in cold, more freely in hot 
water and alcohol. With strong hydrochlor'c acid it fofms a sparingly solublo 
yellow-brown hydrochloride, C“il’®N*0,2TlCl, from the aqueous solution of which 
platinic chloride throws d the j'ellow doable salt, C"JP®N^O,2IICl,PtCl*. 

Liamidololyldiaein, corresponding hydra- 

cine. are formed sinudtsxncously by the action of 

sodium-amalgam on the oxydiazin in alcoholic solution, and may be separated by 
their difference of solubility in alcohol. Tho diadn, also called azotoluidine, is easily 
solublo in alcohol, is precipitated from the alcoholic solution by water, and crystallises 
in red needles melting at 150®. Tho (hydrazotoluone), crystallises 

in small colourless plates melting at 180®, nearly insoluble in water, ether, and cold 
alcohol, sparingly soluble in hot alcohol, and easily oxidised in alcoholic solution 
(even by heating in contact with tho air to diamidotolyldiaziii. 

Bltolyl-tajdrazines, The symmelrical modifications of these 

C’lP.NH 

compounds, I , also called hydrazofoliicncSf are formed by the action of sodium- 

amftlgfam or ammonium sulphide on the corresponding ditolyldiaziiis or -oxydiazins 
(vii. 1163). Tho on/w-compound (m. p. 165®) is permanent in the dry state when 
kept from contact with the air, but is converted into ditolyldiazin or -oxydiazin 
when dissolved in alcohol or water. When dry chlorine oxide gas, Cl*0, is passed 
into its ethereal solution, a white powder is formed, whose aqueous solution gives 
with the nitrates of silver and copper insoluble precipitates from which alktalis sejia- 
rate a body crystallising in rncrcous Jamime, sparingly soluble in wjiter, easily in 
alcohol and ether, and appearing from the analysis of its hydrochloride, O’ ^11’ "N’-*, 11 Cl, 
to be an isomeric tolidinc or diamidoditolyl, C”H'"(NH*)* (vii. 1163). At the 
same time ditolyl-oxydiazin and an addition-product are formed, tl^e reaction being 
represented by the equation : 

3C’'H’«N* + 201*0 = C”H'®N*,2HC1 + C»<n'«N*Cl*0 + C**H»N*0 
(Petrieff, Ber. ri. 656). 

, Metaditolyl-hydrazim (symmetrical), obtained by the ac^tion of alcoholic ammonium 
sulphide on m-ditolyldiazin, is easily alterable in contact with the air, and is con- 
verted by addition of sulphuric acid to its solution in dilute alcohol, into m- tolidinc 
sulphate, [C®H*(CH*)NH*J*H*SOV' which is easily soluble in water, insoluble in 
alcohol, and crystallises in laminae having a satiny lustre. m-Toliditie is separated 
from this salt by ammonia as iin oil which solidifies at low temperatures, forms salts 
with hydrochloric and nitric acids, and is coloured blue by ferric chloride (A, Gold- 
sclimidt, Ber. xi. 1625)^. 

* As both Mclms and PetrieflE operated on solid nitrotoluene, the great difference between the 
ftieltinf? points of the ditolyldiazins which tliey obtained is not easy to account for, except on the 
supposition that Mclms’ product was contaminated with ditolyldiazin, which melts at 137®. 

6 F 2 
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TOXiY&DZPKBim-MfiTBAXrB, « CH(C’H0(C®H»y (E. and 0. 

Fischer, JAchig's Annalen-^ cxciv. 282). This hydrocarbon is prepared by the action of 
boiling alcohol on diazoleucaniline chloride (p. 1178). When recrystAlliscd from 
methyl alcohol, it forms spherical groups of prisms easily soluble in ether, benzene, 
and ligroi'n, loss easily in cold alcohol and wood-spirit ; it melts at and 

boils without decomposition at a tcmpewiture above 360°. Nitric acid converts it 
into a number of nitro -compounds, one of which, when treated with zinc-dust and 
glacial acetic acid, yields leiicaniliiie. 

Tolyldlplieiiyl Carbinolf C“H**0 = (C^II')(C''II*)*COH, obtained by oxidising 
the hydrocarbon dissolved in glacial acetic acid with chromic acid, crysUillises from 
ligroin in six-sided prisms or tables, melts at l/)0°, dissolves easily in other, alcohol, 
and benzene, less easily in ligroin, and boils without decomposition. 

TO]«YBBirS-CARBAMil.TB.ETRYXiZCorTOZiYXiEWB-U]l£THAirE, 

C**II'*N*0* = CO OC'-'H*’ together with tolyleno-diamino hydro- 

chloride, by the action of ethylic chlorocarbonate on tolylcnc-diamino: 

2C’II>«N- + 2(CWO.CO.Cl) = + C’H»»N*,2HC1. 

On dissolving the product in Avater, the urethane separates first in fine crystals, which 
may be purified by treatment with animal charcoal and rccrystallis.'ition from alcohol. 
It forms dazzling -white needles haviPig a silky lustre, soluble in ether, and melting at 
137°. On distillation, tne greater part passes over unaltered, but the remainder is 
decomposed into alcohol and tolyleiie isocyanate, C’H®(NCO)’*. Tho same compound 
is obtained more abundantly by distilling the nreth?ino with phosphoric anhydride, 
and passes over as a strongly refractive liquid having, a fearfully pungent and tear- 
oxciting odour. In contact with ether, this liquid quickly soHilifies, and therefore 
appears, like many other cyanates, to pass into a*jx)lymeric modification. The solid 
body thus fornie<l consists of stellate groups of yellow transparent crystals melting at* 
95°, and reconverted by alcohol into tolylcne-urethano. 

TOZiYZiEBE-BZAMXXrES, CaP(NH')\Cll*. Syn. with Diamido-toluenbs 
( pp. 2003-2005). 

TOBVXiEirB - BZCARBAMZDE, or TOZiYBBBB - BZUBBA, 

C'JI*(NH.CO.Nir-7'*, which Strauss obhiincd, by adding tolyl one-diamine to* a cooled 
solution of potassium cyanate (vi. 1117), is also formed by tho act ion of ammonia on 
tolyleno-isocyar.ato. It forms sliining crystalline scales sparingly soluble in alcohol 
and ill boiling water, melting at 220°. When heated with ethyl iodido.at 110°, it is 
converted into diethyl -tolylonc-carbamido, a yellowish body soluble in alcohol 
and etlier, melting at 175° (Lossy, Bcr. viii. 291). 

TOIiYXiEBE-THZOCARBAXIXXDB, C"I1'*N‘S = N-(C^H'’)(^!S)Tr^ is ][ormed 
by the action of potiissium thiocyanate on a warm aqueous solutioucof tolylcnc-diamiiie, 
the immediate product of tlic reaction being tolylene-diainine thiocyanate, which is 
subsequently converted into the thiocarbamide (I.u.ssy, p. 2003). 

On ToLYLENE-DiTiiiocAiinAMinK, Cni*(NH.CS.Nir‘)'^, and its Ethyl- and Phenyl- 
derivatives, see Caruamidks (p. 399). 

TOBYXi-GX.YCOCZlVB, Cni««N02 = CUP.NIJ.CIP.COOH. This compound, 
which P. J. Meyer obtained by heating /i-tolui<line with monochloracetic acid (p. 881), 
may also bo prepared by prolonged heating of toluidine chloraeetate with water. 
When purified by recrystallisation from hot water (which is attended with partial 
decomposition), U crystallises in slender colourless felted needles, and after a further 
crystallisation in long straw-yellow needles wliich melt, with decomposition, at 16G°- 
168° (Meyer’s product melted at about 145°, and decomposed at about 170°). It« 
solution in strong hydrochloric acid gives a crystalline precipitate with platinic 
chloride, amorphous precipitates with mercuric chloride and stannous' chloride, green 
with cupric sulphate (Schwebel, Bar. x. 2045). ^ 

CH».N(C»H^).CO.NH* 

TOXiYl-HYBARTOZC ACIB, | , and TOXiYXi- 

COOH 

CIP.N(CW)v 

BYBAXrTOKBTi I NOO. See Hydantoic Acid (p. 1046). 

Co NIK 

TOXiYXi-BYBRAZZirB, CH3.C'*H«.NII.NIP. See IlYKtAzmES (p. 1057). 

TOBYXi-OXAMBTBABE, CH».C®H^.CO.NH.CO*C*H». See OXAMic Ethebs 
(p. 1467). 
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Tox,n»BnmAcaTzo aczb, c«H“0» - qjj,q.21>ch.cooh 

(Timiscli, Ber, x. 990). This acid, homologous with diphenyl-acetic acid (p. 665), is 
produced by the action of toluene and zinc-dust on phonyl-bromacetic acid, the product 
consisting mainly of p-tolyl-phenyl-acetic acid, with a smaller quantity of the ortho- 
acid. ... 

Paratolyl-phenylacetic acid dissolves sparingly in cold water, a little more freely 
in boiling water, readily in alcohol, other, chloroform, and carbon sulphide, and 
crystallises in nearly rectangular plates, melting at 116°, and subliming, when more 
strongly heated, in oily drops, which g| dually solidify and then melt at 108°-11()°. 

The potaasium salt crystallises from a concentrated solution in clear moiioclinic 
plates, containing 4 mol. of water. The sodium salt is very soluble, and forms needles 
with 6 mol. of water. The barium salt could be obtained only as a resinous mass, 
and the cahium salt^ which is well adapted for the purification of the acid, is very 
sparingly soluble in cold and hot water, and crystallises from dilute hot alcohol in 
glistening needles containing 2 mols. of water. The salts of lead^ Gopper^ silver, and 
cine are precipitates ; the first crystallises from hot alcohol in needles ; the copper 
and zinc salts dissolve also in alcohol, and more freely in ether-alcoh«C^., separating in 
viscid drops, which gradually solidify. The methyl-ethcr is a thick oil, and the ethyU 
ether crystallises from alcohol in plates melting at 34°. The amide forms needles, ^ 
which are grouped in warty masses and melt at 151°. The soluble salts of the acid 
are decomposed by carbon dioxide. Chromic acid solution oxidises the acid to para- 
tolylphenyl ketone and parabenzoylbenzoic acid. 

On purifying the crude acid b^ crystallisation from alcohol, a mother-liquor is 
obtained, containing an oily acid, which Ciinnot be crystallised, and consists of a mix- 
ture of the para-- and orthd-,*.cids. A separsition of these could not bo effected, but 
their presence was proved by oxidation, a mixture of para- and ortho-benzoyl benzoic 
acid being thereby produced. 

y>-TOXiTXiPHSXYXi-CARBZirO&, C'<1I*^0 ’ CH».C“H<.ClIOIl.C“n*, ob- 
tained by the action of sodium-amalgam on p-tolylphenyl ketone (p. 1151), forms, 
when purified hy crystallisation from ligroin, concentric groups of colourless ne<‘dlos 
having a silky lustre and molting at 62°-53°. A mixture of tolylphenyl-carhiiiol 
and benzene heated with phosphoric anhydride yields tolyldiphcnyl-mothane (p. 2036) ; 

C'H^CHOH.C«H« -I- C"HMl « H^O + CH(C^H0(C«H»)* 

(E. and 0. Fischer, Liebig's Annaleii, cxciv. 266). 

TOBTUBSlTTZi-CAMORYUC ACID, 

CUH'2*0'^ - Cn».CW.C«H^COOH, 

produced by incomplete oxidation of solid ditolyl with chromic acid, molts at 243°- 
244® (Camel ley ; see Ditolyl, p. 691). 

TOXiTWBBNY&-OUAXrZDZXrSp C1D(C‘>H»)(C^H^)N’, and BZTOBY&- 
OVANZBZirS, CI1“(C'H0"N*. See Guanidines (p. 909). 

TOZiTZiPBEVTB BBTOXBS, == CH».C«lD.CO.C"H« (Plascuda a. 

Zincke, Ber. vii. 375). The preparation and properties of the para- and ortho-modi- 
fications of these bodies and tiicir chlorinated derivatives have already been described 
(pp. 1154-1156); also their oxidation to para- and ortho-bonzoylbcnzoic acid respec- 
tively (p. 309). 

Nitro- derivative s. — Mofuonitrotolylpheny I Ketone, CIl®.C41I^CO.C"ll ^ (N 0 -), 
produced by the action of fuming nitric jicid on solid tolylplienyl ketone, is identical 
with the nitromethylbenzophenoiio obtained by the action of dilute nitric acid on 
benzyl-toluene (vii. 183). It crystallises from hot alcohol in bniad shining laminsfi 
or groups of iiccdlcs, melts at 126°-127®, and sublimes easily in shining lamime or 
groups of needles, dissolves readily in chloroform, benzene, and hot acetic acid. Dy 
boiling its solution in glacial acetic acid with chromic n^Jd, it is oxidised to benzoic 
acid and motanitroheiizoic acid (m. p. 140°). The greater part of the nitro-ketono is, 
however, completely burnt in this process, and the first product of the oxidation, viz. 
^lumonitrohensoylbenzoic acid, has not boon obtained. 

Binitrotolylpltenyl Ketone, C**H*®(NO*)-0, is produced by prolonged boiling of 
dinitrobenzyl-toluene (p. T83) with nitric acid of sp. gr. 1*4, or by heating its solution 
in glacial acetic acid with chromic acid. It crystiillises from acetic acid in thick 
yellowish needlel, fAm alcohol in silky laniinsD; melts at 126°-127° ; decomposes at 
a higher temperature, without subliming ; dissolves with moderate facility in benzene 
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and in chloroform, less easily in ether. By oxidation it yields paranitrobenzoic acid 
and dinitrobenzoylbenzoic acid, 

Trinitrotolylphenyl Ketone, C‘*H®(N02)*0, obtained by adding solid tolylphenyl 
ketono or its mono- or di-nitro-derivative to a mixture of nitric and sulphuric acids, 
crystallises from alcohol or from glacial acetic acid in small well* defined yellowish 
prisms, melts at 165^, and decomposes without subliming at a higher temperature. 

The nitro-derivatives of ortliotolylphenyl kotoue are uncrystallisablo resins. 

TOXiYXiPBBinrXi PXiril.COXiZNS, See Ketones (p. 1155). 

TOXiYBPBBSnrXi-SUXiPKOirs, See Sxjlphones (p. 1855). 

TOXiY&-SZBZCOBZC ACZD, C'H^SiO'H. An acid produced by the action 
of ammonia on silico-tolyl chloride, C'H’SiCl* (p. 1794). 

TOBYB-SVZiPBOXZBBS (p. 1856). 

>NH CIV 

TOBYB-TBZOBYDABTOi^Br, CS^ I . See Htdantoin (p. 1047). 

I \N(C’HO-CO 

TOBYZi-TOZiYZiSBB-CHltYSOSBZBS, 

tA. homologue of chrysoidine, more properly cjilled Viamidazotoluene or Tolyldiamido- 
tolyldiazin (p. 470). It crystallises in stellate groups of orange-coloured needles, 
easily soluble in alcohol and other, almost insoluble in water. The hydrochloride, 
C‘*H'®N*,1IC1, crystallises in red needles, and yields a crimson platinochloride 
(Hofmann, Ber. x. 218). • 

TOPAZ. The following analyses of topaz have bee,p (published by H. Klcmm 
[Jahrh. /. Min. 1874, 189). . 

1. Pyrophasite. 2. Topaz from Miask. .3. From Freiberg. 4. Values deduced 
from the formula the fluorines being reckoned as the equivalent 

quantities of oxides : 

12 3 4 


F . 

, , 


. 17*106 

17*167 

17*447 

17.50 

SiO* . 

, , 

, 

. 33*643 

33*469 

33*323 

33*16 

AFO* . 

• 

, 

. 56*213 

56*529 

56*359 

66*70 


On the Crystalline forms of Topaz, see E. Bertrand (Zdtschr, Kryst. i. 297); 
Laspeyres {ibid, 347); Jeremejew (ibid, ii. 504); Seligmann (if/id. iii. 30),*' also 
Jahresb, f, Chern, 1877, 1305; 1877, 1237. On Minerals enclosed in Topaz, see 
Hartley {Chem. Soc. J, xxxi. 241). On Corrosion-figures of Topaz, see Baumhauer 
{Jahrb.f. Min. 1876, 1). 

On the Decomposition of Topaz at high temperatures, see Silicates (p. 1792). 

TOPAZOZiZTB. Crystals of this mineral (a vancty of garnet) from the tr{i^ 
rocks of Now Haven, Connecticut, arc described by E. S. Dana {Sill, Am, 
xiv. 215; Jahresb,/, Cheni. 1877, 1313). «. W- 

TOBBABZTS. On the supposed formation of this carbonaceous mineral ';&om 
petroleum, see W. Skey {Chem. News, xxxi. 16). 

TOnBMABZB. Green tourmalin from Campolongo has been analyud by 

Th. Engolmann {Zeitschr, Kryst, iii. 312) with the following result : 

( 

FI SiO'-* Am* Be“0» FuO MnO MgO Na*0 K*0 H*0 

0*60 39*26 38*33 9*40 4*51 1*12 1*02 2*43 0*38 2*41 = 99*46 

Sp. gr. of opaque (wystals from Campolongo, 2*802 ; of transparent crystals from the 
game locality, 2*969 ; of crystals from the Binnentha], 2*925. 

Intergrowths between tourmalia and ortfioclaso are described by E. H. Williams 
(Sill. Aih. J. [3], xi. 273). The tourmalin crystals, which are imbedded ip qu^z or 
orthoclase, were found in a quarry near Port Henry, New York. • 

The Corrosion-figures of tourmalin and topaz have been examined by H. Baum- 
hauer {Jahrb,f, Min, 1876, 1). 

TRACBYTB. Analyses, 1. From Gladstone in Queensland, resembling that 
of the Puy-de-D6me (Daintroe, Geol, Soc, Qu. J, xxviii. 271). (2-5). Augitie tra- 
chyles from the Andes. 2. From Tunguragua : black, very finely crystalline ground- 
mass encloting plagioclases, augite and magnetite. 3. Tunguragua: rod, porous 
ground-mass enclosing numerous plagioclases and short prismatic augites ; magnetite 
is wanting, having probably been converted into ferric oxide: hence the red colora- 
tion. 4. Pichincha, 4,860 meters above the sea-level : greenish^black, finely crjjsUl- 
line ground-mass, enclosing small augites and magnetite, also plagioclases containing 
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cavities and enclosed liquids, o. Cachofruto, near Murmato : grey, very hard ground- 
mass enclosing tabular plagioclasos, with small quantities of aiigito and magnetite 
(Artop6, Jahrb.f, Min, 1874, 93). 6. Trachyte from Wolfordingen, in the Wester- 
wald (ililger, iUd, 1877, 421). (7-9). Trachytes from the neiglibourhood of 
Gleiehenberg (E. Ludwig, Min, Mitth, 1877i 276). 7. Quartz-trachyte from the 
Schaufelgraben, near Gleiehenberg, analysed by H. Frisch ; sanidine anil quartz in a 
dull, somewhat porous ground-mass; on decomposition it yielded 27*14 per cent!* 
quartz. 8. Trachyte, north of Gleiehenberg, analysed by L. Sinita. 9. Trachyte 
from tlio iSchuh Villa, Gleiehenberg, distinguished from No. 2 by a small amount of 
spathic iron ore ; analyses by J. Uts<'’iik. 10. Quartz-trachyte from the Tardrce 
Mountain, County of' Antrim, Ireland. The analyses and the microscopic examina- 
tion indicate the presence of G2 per cent, sanidine and 38 per cent, quartz and t vidy- 
mito. The sanidine contains exactly equivalent quantities of potassium and sodium 
(A. V. Lasaulx, Min. Pet, Mitth. [2], i. 410). 11. 8anidine-plagioclase trachyteirom 
the Volcano of Ferra in Sardinia. 12. Sanidine-augite trachyte from the same 
locality (C. Ddlter, Jahresb. f. Cfvem. 1878, 1287). 13. Quartziferom Sanidine- 

trachyte from Nagy— Kdvesd : red-brown ground-mass, much decomposed and rich in 
ferric oxide ; contains numerous quartz-grains and felspars eiiclo.siiy5 laminae of mica 
and hornblende (Dolter, Jahrh. f. Min, 1876, 96). 14 and 15. Hcrniclstrachyte from 
Markt Tiiffer in Styria. 14. Eed. 15. Green; sp.gr. 2*75 (E. v. Draschc (ihid. 
1873, 768). 16. Trachyte-tufa from Wollanin Styria, sp. gr. 2*51 (v. Draschc, loc. cA.) 



SiO» 

A1*0» 

Fe’0» 

FcO 

MnO 

CttO MgO 

K=0 

N.a*0 

H“0 


CO» 


1. 

67*80 

14*67 

6*35 


— 

— — 0 

5*65 

4*60 

1*30 


— 

= 99*37 

2. 

6606 

15*64 

— 

3*90 0*71 

4*55 2*57 

2*36 

4*C© 

0*30 


— 

= 100*09 

3. 

68*35 

16*74 

— 

6*71 

0*54 6*81 4*84 

1*18 

4*69 

0*31 


— 

= 100*17 

4. 

62*35 

17-32 


ft*51 0*04 6*43 3*60 

3-13 

4-29 

0*13 


— 

= 100*80 

6. 

63*00 

18*40 

— 

3*96 0*10 5*36 3*71 

2*36 

4-22 

0-36 


— 

= 101*47 

6. 

59*87 

22*52 

0*32 

2*52 0*13 

2 50 0*46 

4'42 

6*78 

2*24 


0*30(») 

1 = 101*06 

7, 

73*39 

14*12 

0*77 

0*67 

— 

1*26 0*29 

4*4? 

3*66 

1*22 


— 

= 99-94 

8. 

61-44 

17-08 

3*67 

2*42 

— 

6*21 1*14 

3*86 

4*06 

2*04 


— 

= 101*92 

9. 

61*54 

15*97 

1*93 

2*98 

— 

5*52 0*82 

4*65 

4*48 

1*39 


2*43 

= 101*61 

10. 

64*66 

20*03 





1*21 — 

8*61 

5*44 

— 


— 

= 99*95 

11. 

67*01 

20*81 

4*13 

— 

— 

2*91 1*23 

6*30 

5*92 

1-41 f) 

— 

= 99*72 

12. 

55*11 

20*90 

6*11 

— 

— 

3 54 1*21 

7*52 

6*31 

l-04(’‘) 


= 100*74 

13. 

66*46 

12*50 

10*11 

0*78 

— 

1*26 0*30 

1*68 

1*99 

5*05( 


— 

= 100*13 

14. 

81*67 

9*15 

1*72 

— 

— 

0*78 — 

4*83 

2*38 

0*31 1 


— 

= 100*84 

16. 

77*74 

9-45 

2*23 

— 

— 

1*94 0*66 

4*08 

3*66 

1*19 


— 

--.100*95 

16. 

67*31 

8*91 

2*17 

3*58 

— 

5*13 1*44 

— 

6*30 

1*60 


— 

.= 100-44 


( 1 ) Qjj ignition. In 12 and 13, tracivs of Mn and P*0*. 


S. de Luca {Cemyt, rmd, Ixxxvii. 174) has detected litliium in the waters and 
6SHain earthy^ decomposition-products of the trachytie rocks of the Solfatara of 
Jpiuaiioli. 

Qnthe Classification of Trachytes, see Doelter (Verh. geol. licichsanst. 1873, 172) 
andSzabo {il/id. 310). On the Trachytes of the Visegrad range near Budapest, see 
A. feoch {Zeitschr. geol. Ges. xxviii. 293 ; Jahresh.f. Chem. 1876, 1289). 

TRAP-XtOCX8. The trap-rocks of Connecticut consist, according to G. W. 
Hawes (Sill. Am. J. [3], ix. 185), partly of diabases, partly of chloritic dolcrites. 
The latter are metamorphosed dolerites, but the alteration has been produced, not by 
» contact with the atmosphere (as in that case they would contain no ferrous oxide) but 
at the moment of eruption, by assumption of subterranean water and carbonic icid. 
Jor analyses, see the paper above citsd ; also Chem. Soc. J. xxix. 350 ; Jahre^K f, 
Chem. 1875, 1272). 

On Trap-granulite. See Ghanulitb (vii. 578), 

TRAVTWSZNZTS. This name is applied by E. Goldsmith (Sill. Am. J. [3], 
V. 813) to microscopically small hexagonal crystals,'' implanted on clirome-iron ore 
from California. Qualitative analysis showed the presence of chromium, iron, and 
manganese. 

TRBBiLXiOSS or MTCOBE, (iii. 1068). On the occurrence of this 

kind of sugar, together witn glucose and mannitol, in the higher kinds of fungi, see 
iIIannitol (p. 1267). 

TRBMO&XTBs This mineral has been found in veins in the granular lime- 
stone, to the east of Friedberg, in Austrian Silesia (Neminar, Min. Mitth. 1875, 111). 
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TRZ&CBTOirA&XAMXinB, CHi'KO, and TKlAOBTOlTAMIira, 

See Acetonamines (pp. 29, 32). 

TRraCBTTXi-AirTBllAPUMVaXK, See 

Anthhapurpurin (vii. 89). 

TRZACSTYB-BMOBnr, C>“H'(C-I1*0)»0“. Emodin (p. 732) treated with 
glacial acetic acid yields, according to the temperature, mono- or tri-ncetyl-omodin. 
The former crystallises from glacial acetic acid in golden-yellow lamina* melting at about 
180° ; the latter in light yolloAv needles melting at 190°. lloth are easily reconverted 
into emodin by heating with alkalis (Liebermanrf; Ber. viii. 970). 

TRZ- and DZ-ACBTYZi-FZiAVOPVRPVRZlil'. The <7fncp^^i-dorivative, 
C’*H“(C-TP())-0*, is the chief product obtained by boiling flavopurpurin (p. Ill) with 
acetic anhydride. When recrystallised from glacial acetic acid, it forms golden-yellow 
lamiiUE, very slightly soluble in that liquid, still less soluble iu alcohol. It sublimes 
at 1 2o°, melts at 238°, and is readily decomposed by potash, sodium carbonate, and 
ammonia. ^ 

Tria4}etyl-fiavopur-pnrin is found in the mother-liquors of the diacetyl-compound, 
and may be formed from the latter or from llavopurpurin by heating acetic anhydride 
at l80°-200°. From glacial acetic acid, in which it is much more soluble than the 
diacetyl-compound, it crystallises in sulphur-yellow needles, wdiicli melt at 195°- 
196°, and are decomposed by potash or sodium carbonate only at the boiling heat. 

TRZACBTYZi-BYDiLOCYAirROSAVRZZr, and TRZACBTYB-ZiBUCO- 
ROSAURZXr. See Hosaurin (p. 1762). r 

TRZACBTYZ-PURPURZBT, C»^Hs(C-IPO)»0^ See PuRPurtiN (p. 1 1 1 ). 

TRZACBTYZi-TRZZSOXTBBXrB, G“IP‘=0« = C“H(CIP)-(O.C' IPO)*. See 

Xyloquinones. 

TRZAMZDOBBBZBWB, C«HW='-C«IP(NIP)» [I .*1 .* 5]. This compound, 
originally obtained by the dry distillation of triamidobenzoie acid (vil. 147), is also 
produeeil by the reduction of dinitranilinc W’ith ti?j and liydi’oeliloric acid. It is most 
readily separated fn)m the resulting hydrochloride by distillation with lime from 
short combustion-tubes bent dow'uwards. The jn’oduct thus formed is however not 
so pure as that w'liieli is oldained from triamidobenzoie acid, the former boiling 
at 31()°, wliereas tlic latter l^oils at 330°, though the tw'o are theoretically identical 
(IF. Salkowski,^7iVr. vi. 130). Py oxidation it yiehls a colouring matter, which is also 
ftinued by lieating cbrysoidine w'ith dilute hydrochloric acid at 15U°-160° (Hofmann, 
Ber. X. 213). 

= C«fP(NH.C>lPO)(N’-*n.CHP)", formed 
by heating triamidohenzeiie with twice its weight of glacial acetic aciA for ten hours, 
then adding water ami evaporating down, crystallises with 2H"0 in geodes of prismatic 
crystals; melts at 85^-90°; gives olF its. water, and resuli«lltic8 at 100"; dissolves 
readily in hot water, very sparingly in cold water. The anhydrous compound when 
distilled gives off a small quantity of acetic acid ; its boiling point is above that of 
mercury.. 

Acetyl-ethenyl-triaraidohenzeno is converted by hydrochloric acid, with separation 
of acetic acid, into ethenyl-triamukthenzene hydrociforidc^ C''IP(NH')(NHI.C'*TI*),2HCl 
-h 1 JH'^0, which forms easily soluhlcj, highly lustrous crystals, mostly having a faint 
reddish colour and apj^arently belonging to the triclinic system. At 100° they give off 
their water and part of the hydrochloric acid (11. Salkowski a. C. Rudolph, Ber, 
X. 1692). 

TRZAMZDOPBBZrOXi, C®H*(NIP)*OII. On the action of broinine»and water 
on this compound, sed Phenols (p. 1523), 

I 

TRZAMYZt-PBOSPBZZTB, (CHI")*P. >Scc Phosphines (vii. 955). 

TRZAZO-COMPOUBBf Aniline and diplicnyl-nitrosamine act 

strongly on one another, forming water, diazo-amidobcnzciie, amitlazobenzene, di- 
phenylamine, and the compound which is sparingly soluble in alcohol, and 

crystallises from aniline in flat, ruhy-colourod, shining needles,^ melting at 236°. It 
is best prepared by heat ing 10 pts. diphenylnitrosamino, 10 aniline hydrochloride, and 
200 dry aniline for an hour and a half at 120°-125°, mixing the proauct cooled to 60° 
with an equal volume of alcohol, washing the crystals which separate with alcohol, 
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drying them, and rociystallising rfom a ten-fold quantity of aniline The body thus 
obtained has probably the constitution 

and may bo called a triazo-compound, as it coritiiins 3 atoms of nitrogen linked^ 
together. It dissolves in strong sulphuric acid with violet coloration, and turns violet 
without dissolving when heated with hydrochloric acid. It is also formed when 10 
pts. amidazobenzeiie, 10 dipliony Limine, 10 aniline hydrochloride, and 200 aniline are 
treated aa above (0. N. Witt, Bcr. x. ' >09). 

TUBfiXffZKYBROXT:LAMxWB« N(C^E-'^0)^0. See Hyduoxylamins 
(p. 1079). 

TRZBSWZOYZi.ABTBBaPVBPVRZB, C"HXC']I»0)*0». See Antiira- 
PUBPUBIN (vii. 90). 

TBXBBirZOyXi.»iaMIBO»BBNOZi, See 

Phenol (p. lo23). I 

TRZBBZrZOYZiBirB-BBNZERB, G2El«2()»=:C«(g«H<CO)*. This appears 
to be the constitution of the yellow body (C"11^0), which Gabriel a. Michael obtaine^ 
by tlio action of dohydrants on phthalyl-acotic acid (p. 1622). It does not take up 
either hydrogen or bromine, docs not melt at 450'^, and is not attacked even by hot 
potash-ley. Mtdting potassium hydroxide, Jjowever, converts it into phenenyl- 
tri benzoic acid, C“IP(C‘'HbC()*H)*, which may bo purifjpd by separating it from 
the fused mass, converting it into ammonium salt, exhausting this with alcohol, and 
repeating these operation* «(ivcr.d times upon the residue. The phenenyltribcnzoic 
acid may 1 hen bo separated A’oin the moduo by hydrochloric acid, and crystallised 
from alcohol or glacial acetic aciu b;; mixing the soJulions with hot water. Phcncnyl- 
tribenzoic acid thus obtained forms prisms which diiJ.- Ivo easily in alcohol, ether, and 
glacial acetic acid, sparingly in bonzoiio and carbon sidphido; it melts at 259®-261°, 
and uivlergoos partial carbonisation at 447”. The sihxr naif contains C“^H*‘^Ag’’()“ or 
(j27JI»Ag():‘,;3ir'(). The acid is not altered by nascent hydrogen, but when distilled 
over red-hot potassium hydroxide, it yields triphenylb ouzeno (Gabriel a. Michael, 
Ikr. xi. 1007, 1079). 

TRZBEZrZYZAMZZrB, N(Cn‘.CGI^)^ The crystalline forms of this base and 
of some of its salts have been determined by K. Panebianco cJdm. ital. 1878, 

854). The base itself and thtj platiiioehloride crystalliso in the raonoclinic system ; 
the hydrochloride in the htjxagonal system. Tho stilf>hate forms colourless monoclinic 
crystals, insoliiblo in water and in ether, soluble in alcohol, and melting with in- 
cipient decouiposition at 1 0G°-lO7”. TrihauryUiviinc-aliim, A1(C^1J.')®NII(S()*)2 1 2H“0, 
crystallises in cubo-octohedroiis, with octohodral cleavage ; it is soluble in water, in- 
soluble in alcohol and ether, melts in its waiter of crystallisation at about 110”, and 
dedbmposes at about 120'^. Trihmzijl amine nitrate, (CUP)“N,1I NO’’, crystallises in 
the ortliorhombic system, is slightly soluble in water and in alcohol, insoluble in 
ether, and melts with decomposition at 120*’*. 

Tribenzylamino, sulyocted to exhaust ivo chlorination in presence of iodine, is con- 
verted into perchlorobenzene and perchloromethane (Ruoff, Her. ix. 1483). Heated 
in a salt-water bath with ethyl iodide, it yields a erystallised iodide w'hich dissolves in 
alcohol, molts at 190'^, and i resolved into its components by the action of silver 
oxide (G. Vasca Lanza, ikr. vii. 82). 

TRZBROMACETAMZBE, is formed, together with dibrom- 

acetamide and other brominated products, by the action of broyiine on asparagine 
suspended in water. Tho action is very energetic, and on exlmusting tho resulting 
red liquid with ether, leaving tho ether evaporate, placing the residue over sulphnflc 
acid till it solidifies, an<l recrystallising it from water, tribromacctamido separates out 
first, while ijibromai'etumido (molting at 150”-157”, resolidifying at about 126°) crys- 
tallises from the mother-liquors after neutralisation with ammonia (Guaresebi, Gasz. 
cUni.ital. 1876, 376). Tribromacetainide is also formal by t he action of ammonia 
on hexbromacetoiu! (Weidel a. Gruber, p. 1524). 

Tribroiuacotamide crystallises in shining white lamellae, which melt at 119*6°- 
121°, and are reproduced at 90°. It dissolves sparingly in alcohol, ether, and cold 
water, and is resolved by boiling with alkalis into bromoform, carbon dioxide and 
ammonia (Guaresebi). Sulphuric acid converts it into ammonium sulphate and tribrom- 
ace tic acid (Weidel a. Qiiibor). 

TRZBROMACETAWZXiZBBf CHPBr^NIl(C‘H’'0). See Acetamides (Buq- 
MOPHBNYL-), p. 6. 
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TUBROMACSTZC ACZD, CBMOOH (p. 18). This acid is formed, 
together with ammonium sulphate, by heating tribromacetamide for several hours in 
a reflux apparatus at 128^-180°, with a mixture of 3 pts. sulphuric acid and 2 pts. 
water (Weidel a. Gruber, loc. <•*/.); also, together with dibroraacetic acid (which re- 
mains in the mother-liquors), by the action of bromine on a strong solution of malonic 
acid (Petrieff, Her. viii. 355). 

Trihromacetate, CBr®.COOC*H\ is formed by heating thodibromacetie ether 
with 1 mol. bromine at 120°. When freed from absorbed hydrogen bromide by heat- 
ing in a stream of carbon dioxide, it forms an oily liquid which fumes strongly in the 
air and decomposes partly when distilled. It is decomposed by water and alcohol, 
the products of decomposition containing bodies which reduce an animoniacal silver 
solution (Kessel, ISer, xi. 1U17). 

TRZBROMACBTOPHSWOXSTB-o-CABBOXirBZC ACZB, 

CBr*.CO.C*H^CO‘-H. See Phenyl-ketones (p. 1565). 

TRZBROMABOZXr, C“*H'^Br*0^ is formed, together with small quantities of 
more or loss highly brominated products, by the action of bromine-water on barli- 
aloiu (p. 63). ±t crystallises in yellow needles (E. Schmidt, Arch* Pharm, [3], 
viii. 496). 

* TRZBROMAMZBOBEirZBN'ESVZiPHORZC ACZD. See Benzenesul- 
PHONIC ACIDS (p. 233). 

TRZBROMAlNCZDOBERZOZC% ACZD, C‘*II(NII-)Br».C02H [CO’H : NIP 
= 1 : 3], is formed by thA action of bromine on metamidobenzoic acid, and yields a 
tribromobenzoic acid melting at 186*5'^ (H. VoUbreeht, 1904). 

TRZBROMARHYDROPYVURZZi, CMb’Er^N ‘0-. See Pyrouacehic 
U llEIDES (p. 1721). , 

TEZBROMCARTHRAQ^ZRORE, C>«IPBr»0% One modifleation of this 
compound is obtained by heiiting anthraquinono with bromine containing iodine to 
275°. When purified by boiling it with soda-ley, and crystallising the residue fi*om 
glacial acetic acid, it forms needles having a faint yellow colour, melting at 186°, 
and subliming at a higher temperature. It dissolves readily in toluene, nitrobenzene, 
chloroform, Ciirbon sulphide, and Jigroin. Strong sulphuric acid dissolves it without 
decomposition. Heated with bromine at 320°, it is converted into a t otrab rom- 
an thraqui none, which, after purification as above, crystallises in yellow scales 
melting at 295°-300 \ ^I'luj tribrorno-compound (1 ’pt.) is converted by 1 mating with 
sodium hydro.\ide (2 i^ts.) at 200°- 210'^ into purpnr in ; with potassium hydroxide 
at a lower temperature into hytlro xypurpur-in, C“TPO“ (I)ichl, Btr. xi. 170, 183). 

Another modification of Irihromaiithraquinono is formed by oxidising pentabrom- 
anthracene with chromic acid dissolved in glacial acetic acid. This product molts at 
365°, sublimes in broad flat needles, ilissolves with moderate facility in the hqpio- 
logues of benzene and in glacial acetic acid, only spjiringly in « carbon sulphide, 
chloroform, and benzene, and is nearly in.soluble in alcohol and in ether ([lammer- 
schlag, Bcr. x. 1212). 

TRZBROMETHARE, (MIW. The o-modification, CH^CBr^* (b. p. 187°- 
188°), appears to be formed, together with o-dibromethane, CH^.CHBr* (b. p. 100°- 
110°), by the action of bromine on ethyl bromide (DeiizQl, Ber, xi. 1739). 

TRZBROMETBYXERE, C'-llHi'^. On the formation of tlie liquid and solid 
modifications of this compound from acetylene tetrabromido, see Acetylene (p. 35). 
Liquid tribrometliyjcne, agitated with oxygen gas, is converted into dibromacetyl 
bromide, C-HBr-O.Br (llemole, (Jomj)t. rend, Ixxxvi. 542). 

^ Prihromethylcne Dihromide. CHlBr^Br'^ iA one of the compounds formed by heating 
mucobromic acid with bro.mine and water in soiiled tubes, its formation being especi- 
ally abundant when the two substances act on ono another in molocnhyr proportion. 
It crystallises in long colourless needles melting at 60°-52°, and is converted by 
alcoholic potash into tetrabi oniethylene, C'-Br*, molting at 50° (Liebig's Annalen, 
clxv. 297). 

TRZBROMETBYE-PHTHAEZMZDB. Sec Phthalimidp. (p. 1619). 

TRZBROMHYDROCOTARRZRS BYDROBROMZDB, 

Ci8H«Br®NO*,HBr. See Narcotine, Oxidation-products op (p. 1382). 

TRZBROMOBAPBZRZTORE, C^«H'»Br>0". See BIphinitonb (p. 141). 

• • 

TRIBROMOBBRZBRBS, C‘H*Br^ See Benzenes (Bbomo-), (pp. 166-169). 
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TBXBROmOBBirZBXrESUXiPBOirZC AGIOS, C«U2Br>.SO>H. See Bek- 

ZENBSULPHONic AciDS (pp. 240-243). 

TBZBBOMOBBirzozC AGIOS, 0‘'H*'‘Br^.C00H. A tribromobenzoic acid, 
melting at 234°-235‘^, was obtained by Reinoeke by heating benzoic acid with bromine 
and water (vi. 310), Another, melting at 186‘5®, is produced by the action of nitrous 
acid and alcoliol on the tribromamidobcnzoic acid which is obtained by treating 
metamidobenz(jic acid with broinino. This tribromobenzoic acid is sparingly soluble 
in water and crystallises in needles. Its barium salt forms tabular crystals containing 
6 J mol. 11*0 (H, Vollbrecht, Ber. x. i “ 04). 

TBZB]lOMOBZX.ZRUBXir, C«Il«Br*N<0« (Maly). See Bilk-pigments 
(p.325). 

TRXBROMOOXAGETANXZ.XOB, 0WBr*.N(0*H*0)*. See Acetamides 
(p. 5). 

TRXBROMOOXMBTRYXiETHirZABRZENE, C*Br*(CII*)*(C*H‘»). See 

Masi'rYLKNB, HoMOJAKinEs OF (p. 1285). j 

TRXBROMOOXXrXTROOZPBEmrXiAMZRE, C>*HoBr*(NO*)*N. See 

PllKNYLAMINES (p. 1550). ^ 

TRXBROMOOXRXTROPROPXORXC AGXO, CBr».C(NO*)*.OOOH, is pro- 
duced by the action of strong nitric acid on tribroraophloroglucol : 

C“H*Br»0* + ONO^H = C^IIBrSN^O* + 3CO* + toO + N*0* + N*0’. 

It forms white, scaly, inodl^rons crystals having a fine silky lustre, insoluble in cold 
water and in acids, easily soluble in alcohol and other. When a few' drops of water 
are added to its recently prepared t icoholic solutiof;, it separates in stellate groups of 
slender needles. When boiled wdtli v}ater it yields ilic acid and bromopicrin : 

2C*HBr»N*0« + H^O « 2CBr*NO* + 2C'-H‘’0* + N*0. 

By sodium-amalgam it is ro.solvcd into methylamino, oxalic acid, and hydrocyanic 
acid: 

2C*lIBr*N*0‘' + 17IP - 2CH»N + + 2CNH + 811*0 + OlIBr 

(R. Bonedikt, Liebig's Annalen, clxxxiv. 255). 

TRXBROMOFZiAVOPVRPURZX, C‘«Il*Br>()*(OH)*, is formed by adding 
broinino to a solution of fluvopurpurin (p. Ill) in glaei.al acetic acid, and separates in 
orangi'-yellow needles melting with decomposition at 284°, sparingly soluble in glacial 
acetic acid, and dis.solviiig, with yellow'-red colour, in soda-loy (JSchunck a. Roomer, 
Bor. X. 1225). 

* TRXBROXOFXiUORERE, C>*H'Br» JSee Fluokenk (p. 673). 

TRXBROMOGXiYOXAZiXRE, C’IlBr*N* See Glyoxai.ine (p. 890). 

TRXBROnXOGVARAMXDXRE, C^N*lPBr*0*. See Guanamide (p. 900). 

TRXBROMOBAGTXG AGZD, C*lPBr'0*, is formed by prolonged digestion of 
broinal bydrocyaiiide, C‘TlBr^O,lICN, with dilute hydrochloric acid (Pinner, Ber. vii, 
1499). 

TRIBROMOMETBYB-BXPHBlffYXA.MXRE, C>=>1T^«BPN, is formed, to- 
gether with tctrabromomethyl-diphenylamino and tetrabromoc^ipphenylaminc, by the 
action of bromine on nicthyldiplieiiylamino (p. 1550) dissolved in glacial acetic acid. 
On treating the resulting crystallino p\Bp with alcohol, the two brominated metnyl- 
diphonylamines are dissolved out, while t ' tmbromodiphenylamine remains in the 
residue. Tvibromomcthyl-diphenylamiue forms colourless transparent needles insoluble 
in water, easily soluble in alcohol and in benzene. Fuming nitric acid converts it 
into tctranUrodilmmmliphrnglamine, which crystallines from glacial acetic acid in 
yellow nacreous laminae or rliombohednil tables, but does not appear to have been 
obtained pure (R. Guehm, Ber. viii. 1040). 

TRXBROMOXTAPBITHABBWE, See NAPHTiiALENFi-DERivATiVES 

(p. 1351). 

7niXBROXM[ORXYROBBNZBRBSVX.PBONZGAGXBS,C«UBr*(NO*)SO*H. 

See BENZENEsyLFiyGNic Acids (p. 247). 

TRXBROMOPBBNARTBRBNB, C>«H*Br* (p. 1514). 
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TUBROMOPBEXOZif is formed, together with free phenol-di- 

sulphc^c acid and other products, by the action of bromine in excess on potassium 
phenol-disulphonate : 

2C‘«Hs(OH)(SO»K)* + 3Br2 + 2H*0 - 

C®H2Br*(OH) + C«H»(OH)(SO»H)- + RBr + 2KBr + K«SO< + H«SO« 

(M. V. Schmidt, Ber. xi. 852). It is also formed, together with tribromoresorcinol, 
by the action of peiitabromoresorcinol on aniline (Bonedikt, Ber, xi. 1559). On its 
reactions, see Phenols (p. 1525). . 

TRZBROMOPBSBYXi-aBYCOCXBS, * 

CMl“Br=»NO- = C«H-Br^.NJI.CH-.COOH, 

is obtained on adding bromine M'atcr to an aqueous solution of phonyl-glycocine 
(p. 1663) till a pennanont coloration is produced, as a white precipitate, insoluble in 
water, acids, and alkalis, easily soluble in hot alcohol, from which, however, it does 
not crystallise. Ifrom hot glacial acetic acid it crystallises in colourless microscopic 
needles (Schwobel, Ber. xi. 1131). 

• TRZBBOniZOPBXiOBOGBtrcoZi, OH^Br’^O^ On the conversion of this com- 
pound into tribromodinitropropionic acid, see p. 1571. 

T&ZBROMOPROPZOBZC AC^B, C»lP.Br»0‘^. An acid of this composition 
is obtained, together witli ^ large quantity of oxalic acid, by the action of nitric acid 
in excess on acrolein bromide. It crystallises from boiling benzene, and molts at 93° 
(Linnemann a. Peiil, Ber. viii. 1097). ^ * 

TRlBBOMOPYROGAZiZiOZi, C^^BrXOri)^ Sec' Pyuooallol (p. 1709). 

TRZBROMOQirZXrOBBi C^^HBr^O^ informed, together with tetrabromoqiiinone 
(bromanil) and otlier brominated derivatives of quinono, by acidulating an alkaline 
solution of etliylic suoeinyl-Huccinato (see Addenda) with sulphuric acid, and mixing 
it with excess of bromine (F. Herrmann, Ber. x. 107). 

TRZBROBIOPYRORACEMZC ACZB, CBr».CO.CO«H. See Pyhorackmic 
Acid (p. 1718). 

TRXBROIBORBSORCIBOI., C«IPBi^02, is formed by tho action of bromine 
on an aqueous solution of resorcinoldisulplionic acid, the sulpho-groups being oxidised 
to sulphuric acid and thereby removed. It crystallises in colourless needles having a 
silky lustre. 

TRZBR0M08TRUTHZB, C'^IP^Br»(F. »Sco Ostrctuin (p. H19). 

TRZBBOMOTOZiUEBBS, C«Jl-Br^CH’. See Toluene (p. 1990). 

TRZBROMO-/7-TOBVEBESVXiPBOBZC ACZD, CHlBr»(CR»)(.SOHl). ^co 
TOLTONESUll'llONIU ACIUS (p. 2012). 

TBXBKOmOTOI.VXSIiri!, O‘‘HBr>(Nir0(CH>). Soo Tolubsks, Kuomamipu- 
(p. 1998). 

TBZBXOKOZTZiEirES, (J°HBr>(CH>)% Bee Xylknk. 

TRZBVTYZiAMZBR (normal), [Cn»(ClP)»]»N (b. p. 2U°-216°). See Butyl- 
amines (vii. 222). 

TRZBUTYZi( ZSO)ARSZBR. A red crystalline compound of tri-isobutylarsine 
with ar.senic iodide tfs formed by heating i.sobutyl iodide with powdered arsenic at 
175°-180° (Cahours, Compt. rend. Ixxvii. 1403). 

TRZBUTYZiRBE (ISO-), C'-JI-'. This hydrocarbon is obtained, together 
with isodibutyleno (p. 1128) by saturating trimothyl-carbinyl iodide with ^obutylene, 
and heating the liquid with calcium oxide at 100° in a sealwl tube for throe hours. 
Tho product, after being freed i’om lime by digestion with dilute hydrochloric acid, is 
distilled in a current of steam ; and the oily distillate is freed from romairiirig traces of 
the iodide by dige-stion for a few hours with moist silver oxide, then washed, dried, and 
rectified over an alloy of sodium an<l fKitassium. The liquid thus obtained may be 
separated by fnictional distillation into isodibutyleno lx)iling at 102°- 105°, and 
isotributylene, boiling at 177°-178°. The same Lsotributylene is obtained by the 
action of trimcthylcarbinyl iodide on isodibutylene in preselvce of calcium oxide in 
sealed tubes at 100° (Julio Lermontoff, Ber. xi. 1255). , • 

Tri-isobutylene appears also to bo contained in the oily condensation-products 
formed in the preparation of trimethylcarbinol. 
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TllXBUTYl(lSO)PKOSPBlliri!. Soo Phosphines (vii. 955). 

TRZBUmsUXiPHXirB-COMPOVia'BS. Sgo Selphines (p. 1850)! ’' 

TBlCARBAXiZiYZiZC ACZB, 

C«H»0« « C»HXCO*H)® = CH2(COOiI).CH(COOTI).CIP(COOH). 

This acid, originally oT)tfiincd hy tho action of potash on allyl tricyanirte, 
CII*(CN).CII(CN).CIP(CN) (v. 87*1) is also produced: a. Together with hydroxy- 
crotonic acid, C 'H*0*, by tho jiction of a boiling slightly alfoilino solution of potassium 
cyanide bn dichloroglycidc, C"J Claus a. Kdlver, wdio discovered this reaction 

(iicr. V. 358 ; Liebig' a Annalcn^ clxx. 131), explain it by supposing that a cyanochloro- 
glycide is first formed and then converted in tho slightly alkaline solution, with 
evolution of ammonia, into chlorocrotonic acid : 

C»JI\CN)C1 + 2II20 NH3 + C»IPCl.CO*ir. 

This acid then decomposes a further quantity of potassium cyanide, forming hydrogen 
cyanide, which is added on ; at the same time the second chlorine-atom is replaced by 
cyanogen, .and both tho cyanogen-groups thus introduced are coiivw-ted into carboxyl- 
groups, the final product being triearball^dic acid. j3. Together wnth a bibasic acid, 
by the action of potassium cyanitlo on ethylic monochlorocrotonate (Claus, Ber. ix. 
223). y. Kthylic acctosuccinato is converted by tho action of sodium into ethylic 
acetotricarballyhito, ClP.CO.C(Cir\COOC‘IPy-.CO()C'-I[-', and this compound saponi- 
fied by alcoholic pobish or baryta-water yields tricarballylic acid (Gr. Michlc, Liebig's 
Annalen^ cxc. 322). 4. Tricarballylic acid appears t») bn one of the products formed 

by tho action of chlorine on gallic acid (Schredcr, ibia. clxxvii. 282). 5. Tricarb- 
allylic acid has b()on fofinol in a precipitate formed during tho evaporation of the juice 
of very unripe beet; tho juice of ripe beet does not yield it (v. Lippmann, Ber. xi. 
707). 

TRZCKBORACBTAZ., 0'‘Jl"GlW^C‘JlCi\“l(.r-rP)2 is formed, together with 
mono- and dichloracct.al, by tho action of chlorine at various temporaluros on fileohol 
of 50 to 75 per cent. It is described by raterno (vi. 4) and by Kroy (viii. 1) as crys- 
tallising in colourless needles molting at 72®, and boiling with slight decomposition at 
230® (Paterno), melting at 83®, and beginning to decompose at 190® (Krey). H. 
llyasson, on tho other hand {Coinpt. rend, Ixxxvii. 2C), describes it as a mobile liquid 
having a density of 1-288, and boiling at 197°. This product probably contained 
mono- and dichloracetal. 

TRZCHBORACBTAMZBB, NII'.O’CPO. This compound, heated with phos- 
phorus pentachloride, yields tetrachlorethylidcnc-imidochlorophosphenyl, C‘*Cl®ONr, 
which appears to be formed by the following series of reactions : 

(1). CCl*.CO.NIP + PGP = GGRCCP.NTP + POGP 
. (2). CCP.CGP.NH- + POOP c. CCP.CCP.NH.POtn-’ + IIGl 

(3> GCP.CGP.NH.POCP = GGl’.tXn— N.POOl- + HGl 

Totrachlorethylidenc-imidochlorophosphenyl distils at 255®-259®, and solidifies at 
70®- 80° to a crystalline mass. Its vapours strongly irritate the eyes and mucous 
membranes. It is very unstable, and cannot be kept without change; its decomposi- 
tion yields, amongst other products, trichloracctonitril (Wallach, Ber. viii. 299). 

TRZCRBORACBTABXliXBB, or TRZCHBOROPKBXrYBACBT - 
AMZBB, G®I1*CP.N1T.C-IT'^0, is formed, together with dicJiloracefanilide, bypassing 
dry chlorine into a solution of 1 pt. acetanilide in 4 pts. acetic acid of 90 per cent, 
till tho weight of the liquid is increased to the amount of I'OS per cent. It crystal- 
lises in needles melting at 204®, dissolves sparingly in cthvV carbon sulphide, and 
ligroin, more readily in alcohol and Jicetic acid (Tleilstein a. Knrbatow, Ber. viii. ^55). 
Tho motameric compound, Pbengl-fi'ichh'^aceta^nide, G"H'’’.NH.G*GPO, which Tommasi 
a. Meld(ila obtained by pouring aniline into trichloracetyl chloride, crystallises in 
rhomboidal plates, melts at 94°, ami is extremely soluble in ether and in carbon 
sulphide (p. 6). ^ 

TRZCRBORAGBTZC ACZB, GGP.GOOII. Hco Acetic Acid (p. 19). Potas- 
sium trichlaracctatcy heated with bromine in closed vessels at 110°-120° is converted 
into potassium bromide, carbon dit^xide, and bromotrichloromcthano, GGPIJr. Chlorine 
acts much loss strongly, and only on addition of iodine, producing in tho first instance 
hexchlorethano, C'-’ClJ’ (van’t Iloif, Ber. x. 678). 

Ethylic IVichloraeetate is decomposed by potassium cyanide in alcoholic solution, 
yielding, if %atsr is present, potassium chloride, carbon dioxide, ammonia, and acetic 
acid ; and, if water is absent, carbon dioxide and chloroform (Glaus, Liebigs Annalcn, 
cxci. 58). A trichlorinatcd acetic ether, probably CIP,COO.GHCl,CIICP, is formed by 
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the action of chlorine at 120° in presence of iodine on ethylidene acetochloride, 
CH*. (Kcssel, Ber. x. 1094). 

Trichloracetic Anhydride^ (C*CI*0)*0, is formed by the action of trichloracotyl 
chloride on trichloracetic acid (Anschiitz, Ber, x. 325) ; also by heating trichloracetic 
acid for two days with excess of phosphorus trichloride. It is a colourless liquid, which 
has a faint odour, boils at 222°-224°, rapidly absorbs moisture from the air, and is 
thereby decomposed (Buckney a. Thomsen, Ber, x. 698). 

T&lCBXiOSACSTOXrB, CCl^CO.CH^ This compound is obtained by direct 
chlorination of acetone (p. 26), and, together with other products, by the action of 
chlorine on the sodium salt of citraconic acid (p. 314). 

TRXCBXiOBACBTOmc ACID, ^^^",^0011. CO OH, formed by the action 

of strong hydrochloric acid at tlio heat of the water-bath on trichloracetone-cyan- 
hydrin (p. 26), is a syrupy liquid which is easily decomposed by alkcilis, and does not 
form definite salts ^C. BischofF, Ber. riii. 1329). 

TBXCBXiOBACSTOXrXTRXXi, COP.CN (p. 33). is decompo.sed by boiling with 
mjlk of lime and more completely by potash, yielding carbon dioxide and chloroform 
(Beckurts a. Otto, Ber. ix. 1591). 

TBXCBXiOBAGISTOPBBB'OBB-OBTBO.CABBOBYXiXC ACXB, 

COCCl*.C®H*.COOH, is formed by the addon of chlorine on phthalylacetic acid sus- 
pended in glacial acetic acia (p. 1621). 

TRXCBXiOBACSTTXi BROMXBB, CCP.CO.Br Qi! p. 143°). See Acettl 
Bromide (p. 21). 

TRXCBXiORACBTTXi CARBAMXBB, ^IP.CO.NH.C'Cl’O, is formed by 
heating trichlorucctyl chloride witli urea (Tommasi a. Mcldola, p. 392), also by heat- 
ing the trichloracetate of urea with phosphorus pentachlorido (Clermont, Compt. rend. 
Ixxviii. 848). According to Tommasi a. Meldola, it crystallises fi*Qm alcohol in 
needles melting at 150^ ; according to Clermont in micaceous laminm, subliming for 
the most part without decomposition, insoluble in cold, and only slightly soluble in 
hot water. 

TRXCBXiORACBTTXi CBXiORXBB, CCl^CO.Cl, originally obtained by the 
action of trichloride or pentachlorido of phosphorus on trichloracetic acid, or of the 
pentachloride on acetyl chloride (vi. 22; vii. 19), is also formed by the action of 
chlorine in sunshine on paradichloraldehyde dissolved in carbon totrachlnrido (viii. 
64) ; and, according to Friedorici {Brr. xi. 1970), by passing dry hydrogen chloride 
over a heated mixture of trichloracetic acid and phosphorus pentoxide. It boils at 
1 1 8°. By the action of phosphine (PH*) it is converted into trichloracotylpho^ 
phi do, C^CPO.PH* (Steiner, Ber. viii. 1178). With trichloracetic acidi it forms the 
anhydride, C^CPO.O.C^CPO (Anschutz, Ber. x. 1881). 

TRXCBXiORAXi BTBROCTABXBB, O^H«CPNO* (Ccch, Ber. ix. 1020). 
This compound, called by Cech trichloral cyanide, is formed on mixing a saturated 
solution of chloral hydrate with a very small quantity of a concentrated solution of 
potassium cyanide. Crystalline spangles then separate after some time, and on subse- 
quently adding an excess of water, a bulky white precipitate is formed, consisting of 
microscopic needles, and containing the elements of 3 mol. chloral and 1 mol. hydro- 
gen cyanide, 3C*HC1*0 + HCN = CHPCPNO*. This compound is insoluble in water 
(though extremely hygroscopic), but dissolves in alcohol and benzene, very easily in 
ether, and crystallises from the last two solvent^ in white prisms melting at 123° ; 
from* the alcoholic solution it separates in nodules. When heated a few degrees above 
its melting point, it partly sublimes undecomposed, and when subjected to dry distil- 
lation, it yields a sublimate of chloralide, leaving an abundant carl)onacoous 
residue. It is not acted upon by dilute acids in tho cold, but when boiled therewith 
it yields chloral. Heated with soda-lime it gives oflf ammonia, together with 
vapours having the odour of ‘ propan o-cthyl.* Hcntcd with aniline and potassium 
cyanide, it gives off hydrogen cyanide, and yields chloral-monoanilide, 
Ca*(NH.C»H»)CHO. 

TRXCBXiORAXiOlEXr, C’*H“CPO’, is formed, together with products containing 
larger and smaller proportions of chlorine, by the action of dj.lorino on barbaloiin 
(E, Schmidt, Arch. Pharm. [3], viii. 496). , , 

TRXCBXiORAirOBXiACTXC ACXB. See Tkichlorovalerolactic Ac1D» 
under Butyric Chloral (p. 444). 
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TRZCH&ORAWZKXXirES, C<lPOL>.Nm See pp. 106 and 1549. 

TRZCBZiORARTHRACERE, C"H’C1». When chlorine is passed into a 
i^olution of anthracene in chloroform till the visci<l mass at first formed becomes thin 
and transparent, the chloroform then distilled off, and the residual crystalline mass 
washed with ether and recrystallised from chloroform, dichloranthracene dj^ 
chloride, C^WCl^.Cl*, is obtained in transparent colourless prisms melting at 
149^-150°; and on heating this compound to ITO^ tricliloranthracene is obtained, 
together with a small qnairtity of dichloranthracene. The same decomposition tahes 
place gradually when the diehlorido i^ kept in..clos 0 d vessels. The trichloranthraceno 
thus produced crystallises from alcohol in long yellow needles melting at 162'’-163°, 
and yielding an alcoholic solution which exhibits a blue fluorescence ; it is but slowly 
attacked by nitric acid. It is perhaps identical with that which Graebe a. Licber- 
mann obtained (vii. 90) by the action of phosphorus pentachloride on anthraquinono 
(K. Sehwarzer, /Jer. x. 376). 

TRZCBZiORAErTHRAqVZM'ORE, is formed by heating anthra- 

quiiiono with antimony pentachloride in a sealed tube at 180®, and purified by boiling 
the crude product with hydrocliloric acid and crystallising the residue from a mixture 
of alcohol and bcnzime. It forms yellow needles, which sublime with decomposition, 
melt between 284® and 200®, and dissolve in glacial acetic acid, chloroform, and 
toluene, sparingly also in benzene (l)ichl, xi. 179). 

TRICKEORETBYEZDERZC ETHERS. »Sco CHLonAriDT4 (p. 445). 

TRZCKEORBYDRZXr, 0^’HOT. See TRiciri,OROpnftpAWKS. 

TRZCHEORKYDRCXYPUZiMZPZiATZ»rUl«, Pt*0‘'-N'-IP‘C1®(0H). See 
PnATINUM-COMrOUNDS (p. 1051). 

TRZCKEOROBEHZEHES, See ■*1 hxzkne-derivativbs (p. 173). 

TRZCHEOROBZZiZRUBZH, CWCPNO^ (Tliudichum). See Bilk-pigments 
(p. 325). 

TRZCKEOROBUTYZiZDEHZMZBE, C'lPCl=‘>rH, is formed by heating 
acGtyl-butyl-chloral hydrocyanide, C‘JPOP(OC*IP())CN', for an hour with excess of 
dry ammonium acetate, and .separates gradually on addition of wat(*r. It dissolves 
readily in alcohol, ether, hot benzene, ami hot water, less readily in glacial acetic 
acid, melts at 104®-165® and decomposes at 102®, also on exposure to sunshine 
(Pinner a. Klein, 2/er, xi. 1488). 

TRZCHXiOROCHRYSElirE, C*«1PCP. See Cjiryskne (p. 464). 

TRZCHZiOROlbACTZC ACZD, CCRCHOH.COOH, The cthylic ether of 
this acid is converted by the action of zinc and hydrochloric acid into ethylicmono- 
chloracrylate, CMClmiCH- -COOC-JP (Pinner, p. 45). According to W. Rnd- 
ndff, on the other hand (7Jcr. viii. 434), the chief product of tlie reduction of ethylic 
trichlorohictato"is cthylic dichlorolactato. 

On the Action of Trichlorolaciic Acid on Chloralkle, see p. 4 lo. 

TRZCBEOROEACTZC BROMAZiZDSi CCl®.Cll<^QQQ^OH.CBr’. On 
the crystalline form of this compound, see AVallach {Liebigs Annalenf cxciii. 1 ; 
Jahresb.f. Chem, 1878, GOC). 

TRZCHliOROlHETHYZiSUEPHOHZC CHEORZDE, Cfl^SO^Cl, which 
Kolbe obtained by the action of moist chlorine on carbon disulphide (v. 559), is also 
produced by the action of water on the chloride, SO=Cl.CHCl.COpl, resulting from the 
action of phosphorus pentachloride on snlphacctic acid. On treating this chlorido 
with water, the greater part dissolves, and trichloromcthylsulphonic chloride rem’^ ns 
as a white substance melting at 137®, and agreeing in other respects with the product 
obtained bj Kolbe (R. Siemens, Jlcr, vi. 659). 

TRZCHEOROHAPHTKAEBHBS, C*®II'’CP. ^ See Naphthalene (p. 1350). 

XRZCHEOROPHBN'OEf C®. Oil. CI.II.Cl.il. Cl. Sec Phenol (p. 1525). 

TRZCHEOROHZTROBBHZBXBS, C‘'TI‘(NO'^)CP. ^ The morlificntion 
C«.NO«Cl.Cl.H.H.Cl is prepared as follow.s : — The fwety derivative of paradichlor- 
amlino C* NH-* Cl II H Cl.H, yields by nitration two dicliloronitracetanilides, of which 
the one Iciist soluble in benzene and melting at 2040-205® may be transformed into a 
dichloronitraniline, C'*.NlP.NO^Cl.lI.n.Cl, convertible by Griesss reaction into tlie 

trichloronitrofienzSne, C«.C1.N0^C1.H.I1.C1, which is identical with that above for- 
mulatcd. This trichloronitrobenzene crystallise.s from ligroin in colourless needles 
melting at 88®-89®, and is converted by reductio;n and replacement ot the amido- 
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group by chlorine into consecutive tetrachlorobenzene (p. 174)i (Beilstein a. Kurbatow, 
LvMg's Annalen, cxcii. 228). 

The trichloronitrobenzonc, C*.NO^Cl.II.Cl.II.Cl, obtiiined from symmetrical tri- 
chlorobenzene, is converted by heating for several days with alcoholic ammonia at 
200® mUichloronitro-m.’^hcnylenediam>iiie, C‘*.N0*.NH*.1I.C1.H.NH*, which when puri- 
fied by crystallisation from carbon sulphide or ligroi'n, forms red noodles melting at 
192®-1 94®, easily soluble in alcohol, loss soluble in acetic acid of 60 per cent, or in 
benzene, very sparingly soluble in ligroi'n (Beilstein a. Kiirbatow). 

The trichloronitrobenzene molting at which is formed by nitration of con- 
secutive trichlorobcnzene (p. 173), is converted by heating with alcoholic ammonia at 
210® into a dinitraniline, which molts at 162®-163'’, and may be converted by nitrous 
ether into ortho-dichloronitrobenzene (p. 187), (Beilstein a. Kurbatow). 

TRICBAOROPBEVOMAUC AGXB. The substance so named by Carius 
(vi. 917), obtained by the action of chlorous acid on benzene, and supposed to have the 
compositionlG®H'Cl®0*, has been shown by Krafib (Bcr. x. 797) to be identical witli 
trichloroquinol. 

TBXCB&OBPBSBTXi-GUAirXBXirS, C1P(C®H^C1)^N^ See Guanidink 
(p. 907). 

' TBXCBXiOROPBTBABXC ACXB, C®IICP(C()()II)2, is formed, together with 
another compound, probably a qninono, by the action of strong nitric acid on i3-pcnta- 
chloronaphthalene. It is a yellowish-white mass, converted by heat into an anhydride 
which crystiillises in long needles inditing at 167® (Atterberg a. "Widman, Bcr. 
X. 1841). ^ 

TRXCBXiOBOPROPABES, C^IPCP. Three of thM compounds are known, 
viz. : 

„ B. p. Sp. gr. 

o-Trichloropropane or Trichlorhydrin, ClPCl.CHCl.CH-Cl . 166® 1’41 at 0° 

/3-Trichloropropano,CII».CnCl.CHGi=* 140® 1*402 at 4® 

T-Trichloropropane, GIP.CCI*.CH-C1 123® 1*360 at 0® 

Respecting the first, see i. 894 ; vi. 433 ; vii. 319. According to Belohoubek (Bcr. 
ix. 924), it is formed, together with the y-mo<lification and other products, the 
action of chlorine on propylene (from allyl iodide, glacial acetic acid, and zinc), and 
may be separated by fractional distillation. It is decomposed by aluminium iodide, 
with formation of allyl iodide, aluminium chloride, and free iodine (Gustavson, Ber. 
ix. 1607). 

^-Trkhloropropane is formed by the action of chlorine on propylene chloride in 
sunshine ; also, together with trichlorhydrin and a trace of a tetrachloride, by heat- 
ing propylene chloride (from allyl iodide) with dry iodine chloride in small portions 
at 160®, and may bo separated by treating the product w’itli potash-ley and with 
sedium sulphite, washing it with water, drying over calcium chloride, and fractioiftl 
distillation (Friedel a. Silva, Compt. rend. Ixxiv. 805). 

y~Trichloropropane, or Monochloromeihylchloracetol, is formed by the action of 
chlorine in sunshine on methyl chloracetol, CH*.CGl-.Gli* (vii. 1018), also by treating 
the same compound with iodine chloride. When heated with alcoholic potash at 
100®, it yields, together with products which reduce ammoniacal silver solution, an 
ether which gives a white precipitate with silver solution. When heated with water 
in sealed tubes, it dissolves more readily than trichlochydrin, leaving a small quantity 
of black liquid. The water contained, not glycerol, but a non-volatile body which 
rcsinised when the water was evaporated by heat, reduced ammoniacal silver solution, 
and remained as a yr How amorphous .mass when its solution was evaporated in a 
vaqimm. Its analysis gave numbers leading t? the formula CII’.GO.CIIO. By oxi- 
dation with nitric acid it yielded a body having an odour like that of pyroracemic 
acid. The black residue above mentioned yielded on fractional distillation tw*o di- 
chloropropylenes boiling at 75® and 94® (Friedel a. Silva, he. cit.) " 

TRXCBXiORORBSORClurOXt, C®I[CR(OH)^ See Resorcinol (p. 1749). 

TRXCBXiOROTOXiUBNSB, C^H^Cl’. See Toluene (p. 1993). 

TRXCaXOROTOXiUQVXirOXi, and TRXCBBOROTOBVQVX- 

XroiTBi C’H'GPO*. See Tolu-quinol and -quinonb (p. 2029). 

TRXCBBOROVAZiBROX.ACTA2IXXBBp C<H»CP(OH)CONH^ See Valeric 

Anns. 

TRXCOBBXRTBf C*®*H**®N*0“. This polymeride of codeine is formed by heating 
codeine with a strong solution of zinc chloride for a short time and at a comparatively 
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lo-w temperature ; by longer heating at higher temperatures a mixture of tricodeine 
and tetracodeine. C»«H'«N«0« is obtained (Wright, Chem, Soc. J, xxvii. 107). See 
further, vii. 373-376. v 6 , / 

TBIBUMZTa. On the occurrence of tridymite in Tolcanic rocks, see H, Mohl 
{Jahrhf. Min, 1873, 463 ; Jahresb,/. Chem, 1873, 1160) ; in the lava of Santorin, ** 
Fouqu6 {CompL rend. Ixxxii. 1141 ; Jahresb. f. Chem. 1876, 1201). On twin-forma- 
tions of tridymitj, O. vom Hath {Pogg. Ann. clii. 1 ; Jahresb./. Chem. 1874, 1242). 

(C2H*)»N— Cl 

TRZBfHTldkMZDACBTOCBZiOMBBp C’H'^CINO^ » | 

cmcooH 

is produced by the action of triethylamine on ethyl monochloracetate, and may be 
separated from triethylamine hydrochloride formed at the same time by boiling with 
baryta-water. It is not decomposed by strong bases, even at a rather high temper- 
ature. When treated with silver oxide it is converted into triethylgh’cocine 
(Hriihl, Her. viii. 1406). 

TBZBTBTBAMZITE, ((PIP)*N. On the formation of this baa^' from dichlor- 
ethylamine, and its reactions with, methylene iodide and ethyl chloropropionate, see 
Ethylamines (p. 748). By oxidation with permanganate it yields carbonic and acetic ^ 
acids (Wallach a. Claisen, Bcr. viii. 1237). 

TBZBTBTXiAZOBZUM ZOBZBB. (p. 1061). 

TBZBTHTBBBmBBrB, C«I1*(C-IP)3. * See Mesitoenb, Homolootjes op 
(p. 1285). • 

TBZBTBTZiBBNZTB:.iMMOirZVM ZOBZBB, (C‘^H^)>N(C'H0I. See 

Ben'zylamines, under Toluenes (Amido-), (p. 2001). 

TBZBTBTZi-BZCAllBOPTBlLOBAllIZBS/ formed, together 

^ with other products, by dry distillation of ethylamine iiiueate, is insoluble in water 
and melts at 229®-230°. See Pykhoi.ine (p. 1728). 

TRZBTBTZiBirB-BOBZC BTKBR, B(OO'^IPOH)’. See Tuieydiioxethyl 
Bohate (infra). 

TRZBTBTMirB-TRZTOZiYZiTRZAIICXRS, N’(C’‘H«)»(C*>H^CH3)^ is 
formed, together with ethylono-ditolyldiaminc, by the action of ethylene bromide on 
toluidino at 150°. The two Ijasos may bo separated by means of alcohol, in which 
the former is very sparingly, the latter freely soluble. The triethyl one- base crystal- 
lises in very beautiful needles melting at 186°; its hydrochloride forms needles 
molting at 189°. Ethglene~ditolgldi(nuine, is best purified by 

separation from its salts. It forms crystals melting at 97’5°. Its hydrochloride is 
very soluble in water, and crysUvllises in long white needles (Grotillat, Monit. soient, 
L3], iii. 383). 

• . (c-iP)*N . cn^ 

TRZBTHTB-GBYCOCZBB, | | . formed by the action of silver 

0— CO 

oxide on trielhylamidacotocliloride (supra), is a liquid which begins to boil at 210°, 
and is partly resolved by distillation into triethylamine and carbonaceous products 
(Briihl, Ber, viii. 479). 

TRZBTBYB-METBYBSTZRZWB, Sb(C^H>)’>(CII>). The hydroxide of this 
radicle (i. 347), whicli, according to Friodlander, is optically active, has been shown 
by Lo Bel (Bull. Sou. Chim, [2], xxvii. 444) not to possess this property when pure. 

TRZBTHYXiBAPBTBYZiPBOBPHOSrZUM ZOBZBB, 

formed by the combination of diothylnaph hylphosphinc with ethyl iodide# crystallised 
from water in colourless laminae melting at 209°. 

TRZBTBYBPBBWYBABSOBZirK ZOBZBB, As(C^H^)’(C®H®)I. See 
•Phenyl-ausenic Compounds (p. 1554). ^ 

TRZBTBYliPBBBrYZiPBOSPBOirZiniC ZOBZBB, F(C2H>)»(C®H»)1. See 
Phosphines (p. 1680). 

TRZBTBYZiPBOBPBZfrB OZZBB, P(C-H^)’0. In connection with the 
method of preparing this compound given by Carius and by Crafts a. Silva (vii. 963), 
P. A. Emmerton (Amer. Cht'm. 1873, iv. 9) observes that when 1 mol. phosphorus 
triicKlido is treated with 3 mol. ethyl iodide, free iodine is given off, and a body is formed 
which, after treatigont,with solid potash, yields on distillfition triethylphosphinc oxide. 

TRZBTBYBBBBSBrOBZinB COMPOVNBB, (C^H^)’S6l, 8;c. See 

Selenium-compounds, Oboanic (p. 1788). 
voL. VIII. 6 a 
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T»BTBTXi8ZXiZOO&, (C2H^)>SiOH. Seo Silicon-bthyl (p. 1 794). 

TXZllTBT1i8V&FBZ»ra-COiaPOraB8. See Sulphinbs (p. 1850). 


TBZBTBnTBKZiVBZVM-COMPOnirB8. See Tellubium-compoubdr. 
Organic (p. 1900). 

TBZBTBROBYBTBn 80BATB, B(0C2H40^)^ Truthylene-mmohoric 
Ether .— compoiind is fbrmed by treating ethylene alcohol -with an excess, first of 
gaseous and then of liquid boron chloride : 

3C*H<(OH)* + BCl* « 3ELC1 + B(OC*H<OH)»: 

The product crystallised from chloroform is a solid yellowish mass consisting of 
microcrystalline laminae, nearly insoluble in ether, melting at about 161*7^ and 
decomposing in moist air (C. Oouncler, Ber. xi. 1106). 

TBZ-ZOBOMBTBTB-BOSABZBZBB. See Tbimethtl-rosantlinr (p. 2053). 
TU-ZOBOBBSOBCZBOZi, C«H*PO^ See Resorcinol (p. 1749). 


TBZ-ZS^BVTTZiBirBt appears to be contained in the oily condensa- 

tion-products formed in the preparation of trimethylcarbinol by treating isobutylene 
with a mixture of 3 pts. sulphuric acid and 1 pt. water (Goriainow a. Butlerow, 
Liebigs Annalen^ clxix. 146). 

TBZMBXiZiZTZCACZB,C<>IP(GO-H)> [l : 2 : 4]. See Mellitic Acid (p. 1274). 
This acid is formed, together with i^phthalic acid, by oxidising colophony with dilute 
nitric acid. 100 g. pu^Tcrised colophony and 2 litres of nitric acid (1 vol. commercial 
acid to 2 vol. water) are introduced into a retort with its beak directed upwards, and 
the liquid is heated to boiling, whereupon the colipliony melts, and is quickly 
attacked, with copious evolution of red vapours, and converted into an orange-yellow 
viscid mass. After the boiling has been continued for six or eight hours, fresh resin 
and strong nitric acid are ade'ed alternately, till about 1 kg. resin has been introduced, 
the contents of the retort being kept in consbint ebullition ; this process takes about' 
a fortnight. The resulting wine-yellow liquid, which on addition of water should 
merely show turbidity, and not yield any lumpy precipitate, is then distilled off till 
the remaining liquid begins to froth ; and this liquid, while still hot, is poured into a 
tonfold volume of cold water, decanted after twenty-four hours from the v^rnish-like 
resin which separates, and evaporated to a syrupy consistence. The whole then 
solidifies after a while to a thick crystalline pulp, which may be freed from the syrupy 
mother-liquor by means of an aspirator and porous earthenware plates, and afterwanls 
boiled with water. The extract on cooling deposits isophthalic acid in slender needles, 
and on further concentration, first a little more of the .same acid and then t r i m e 1 1 i ti c 
acid, which may be purified by solution in alcohol and crystallisation from water. 

Trimellitic acid thus obtained (about 30 g. from 500 g. colophony) melts at 218° ; 
its anhydride, obtained by heating it to fusion, melts at 167®. When evaporated 
down with milk of lime and then heated, it yields benzene. Its air-dried baritm salt 
contains (C*H*0®)^Ba* 4H*0 (comp. vi. 813), and gives off 3IPO at 160°. The 
silver C*H‘0®Ag* (dried at 120°), is a white precipitate, not much altered by 
exposure to light, soluble in a large quantity of water. 

The syrupy mother-liquor of the trimellitic acid did not yield any other crystallised 
body, but on further treatment with nitric acid it gave a smaller quantity of a crude 
crystallisation containing a small proportion of trimellitic acid, but consisting mainly 
of terebic acid (J. Schreder, Liehufa Annalen^ clxxii. 93). 


TBZMBSZC ACZB, C®IP(CO®H)® [1 : 3 : 5]. The symmetrical disposition of 
the carbox5rl-gro.ups in this acid is shown by its formation by oxidation of mesitylonic 
acid (vi. 811; viii. 1286); and as it is also produced from the phenol-tricarboxylic 
acid, C*H*(OH)(CO*H)*, obtained by heating disodic salicylate in a stream of carbon 
dioxide, by converting this tribasic acid into the chlorinat^ acid, 0®H^C1(C0*H)®, and 
reducing the latter with zinc and a dilute acid, it follows that this phenol-tricarboxylic 
acid must have the constitution of hydroxytrimesic acid, [OH : 00*H*: CO*H : CO®H 
= 1:2: 4:6]. (Seep. 1535.) . ■ 

Trimesic acid is also formed by oxidation of triethylbenzene with chromic acid 
(p. 1285), and in very small quantity by fusion of sulphometabromobenzoic acid 
with sodium formate (p. 295). 


TBZ1IIBTAP808P80BZ0 ACZB,F>0®IP, probably 


0?g-gpO.OH (iv. 

HofO.u 


539). Several salts of this acid have been prepared and analysed by G. G. Lind^m 
(Jier. viii. 122). The sodium salt was prepared by heating ordinary sodium-ammonium 
phosphate in a platinum dish over a ^-lamp, the heat being gradually raised till the 
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pasty mass became crystalline like sugar, the whole then pulverised and again sti'ongly 
heated, with stirring, but so as carefully to avoid fusion, which would result in the 
formation of the insoluble hexphosphate. In this manner, 95 per cent, of the sodium- 
ammonium phosphate is obtained as sodium trimetaphosphate. The following are 
the formulae of the salts examined : 


Na*P*0“ + 6aq 
Ag«P»0» + aq 
» K»P»0» 
(NH*)*P*0« 

Dmible Salts : 

NaBaPO* + 4aq 
KBaP*0® + aq 
(NH<)BaP»0* + aq 
NaSrP*0® + 3aq 


Ba»PO*® + 6aq 
Mg*PO>« + 13 or 16aq 
Pb»PO» + 3aq 
Fe»P«0'® + 12aq 
Mn»PO« + 12aq 


NaCaP*0® + Saq 
Na^MgP®0‘« + Saq 
Na<NiP«0« + Saq 
Na^CoP^O'® + 8|iq 


The weaker bases do not appear to form trimetaphosphatos of definite composition* 
With mercurous nitrate, a basic salt was obtained having the composition 6Hg®0,3P*0\ 

TRIMBTBOXT-TRXBTBROZTDZPBBirTlb, or TBZMBTBnBBB- 
BTBBOBTBZPBBXnrXi, = C'*H«^OCH*)»(OH)». This is the brown 

substance which 0. Fischer obtained by the action of sulphuric acid on cmrulignono 
(p. 649). It differs from hydroccBrulignone, 0‘®H*(OCH*)XOII)'', by CH'^. It yields 
a triacetyl-derivative havinfc Abe composition C*®H\0CII*)(0.C2H®0)* (0. Fischer, 
]ier. viii. 158). 

T&ZMBTBTZiB.CBTZC AOIB, (CHyC.CO^U. ^ Pivalw acid. See Pentoic 
, Acids (p. 1501). 

TBZMBTBYX.ACBTOVZT&ZZ1, (CIP)»C.CN. Syn. with Tertiary Butyl 
Cyanide (p. 360). 

TBZMBTBYliAMZirB, (CI1®)®N. This base occurs, together with methyl- 
amine, \n*Mercurialis annua (E. Schmidt, Ber. x, 2226). According to Sclmi {Gasz. 
chim. Hal. 1876, 468), it is obtained in considerable quantity by the distillation of 
putrul brain. (On its industrial Reparation from the spent wash of the stills in which 
the molasses of beet-root is distilled for the production of alcohol, and its conversion 
into methyl chloride, see pp. 1305, 1306). 

lieactums. — 1. By Gxldation potassium permanganate^ trimethylaraine yields 
carbonic and oxalic acids (Wallach a. Claisen, Ber. viii. 1237). 

2. Triinethylamine heated for twelve hours in a sealed tube on the water-bath 
with i^^ochlorhydrin, isconverted into trimethyl-glyceramine (lianriot, Compt. 
rend. Ixxxvi. 1335)9 

3. Trimethylamine passed in a stream of hydrogen through a red-hot tube yields 
ammonia, cyanogen, hydrocarbons, hexmethylonamino, N[N(CH'-)*]* (iii. 151; 
vi. 829), which separates from the distillate in crystalline form, and m ethyl 0 Ho- 
me thy lam i no, OTl*N=CH*.Nzi:CH®. This last compound is resolved by heating 
with dilute hydrochloric acid into methyl aldehyde and mcthylamine, CIP. Nz:zCir‘* + 
ll-O = CIPO + ClPNll*. It ajjpejvrs. however, from its vapour-density to have the 
molecular formula (C*H*N)* (J. Komeny, Ber. xi. 835). 

4. When trimetnylamine is added to a solution of aldehyde in nnhydyous ether, 

water is separated, and condensation-products of aldehyde are form^'d (N. Lubawin, 
Ber. viii. 1684). ^ 

5. With ethylic a^chloropropionate, triinethylamine forms a-propio-betaine, 

^CH»)»N 

OH®— CH^ , I (see Betaines, p, 324). 

\00— 0 , 

A compound of trimethylamine with carbon disulphide, (CH*)®N,CS®, is formed by 
passing trimethylamine-vapour through a mixture of equal parts of carbon disulphide 
and alcohol. It crystallises in white needles melting at 125^, moderately soluble in 
chloroform and dilute alcohol, nearly insoluble in absolute alcohol, carbon sulphide, 
ether, and benzene, and producing a milky turbidity with water. It splits up into its 
components even at ordinary temperatures, but noi ertheless unites with acids (em- 
ployed in the dilute stat^) and with salts. With hydrochloric acid it forms the 
compounds (OH*)*j?lCS*,HCl and 2(CH*)*NCS^3HC1, and analogous compounds with 
nitric acid and with sulphuric acid. With phosphoric acid it forms the compound 
2(CH®)®NCS*,H*PO* fA. Bleunard, Compt. rend. Ixxxvii..l040). 

6q2 
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TUMBTBT&AVZSBBTAXWB, C0H*N(CH>)iO*, and TBIMBTBTB. 
BBirZBBTAZXrBv G'H*N(GH’)*0^ ; better called AnUhetaine and Benzhetaiw. 
See Betaines (vii. 187). 

TBZMBTBmBBBTZBirBi C*H*(GH*)*. See Mesittlbnb and Pseudoctjmbnk 

(pp. 1282-1286). 

TBZMBTBn-BVTTBACTZC (A1KZZDO-), or ABUDOTBZMBTBTl- 
BTBBOXTBUTTBZC ACID, C^H*»NO* = CH*. C(OH)(GOOH).GH2.G(GH»)«.NlI* 
(W. Heintz, Liehigfs Annalen^ cxcii. 329). tThis acid is fonned by bailing amidu* 
trimethyl-butylactide, G^H’^NO* {infra) with baryta-water, a considerable quantity of 
the lactide, however, remaining unaltered. On mixing the resulting solution with 
cupric sulphate, the copper salt of amidotrimethylbiitylactic acid is obtained, and this 
salt decomposed by hydrogen sulphate yields the acid, which is moderately soluble in 
water, nearly insoluble in alcohol and ether, and when slowly separate from the 
aqueous solution, crystallises in monoclinic prisms. When heated, it is resolved into 
water and the lactide. Its silver salt is a stiff gummy mass, the aqueous solution of 
which is not precipitated by alcohol. The normal sulphate of amidotriniethylhutylactic 
acid, obtained by dissolving 16 pts. of the amido-acid in water containing 10 pts. of 
hydrogen sulphate, forms concentric groups of prismatic crystals. The hydrochloride, 
G^II'*NO*,HCl, obtained by dissolving the amido-acid in hydrochloric acid, forms 
microscopic needles or square plates. The corresponding nitrate also forms micro- 
scopic ciystals which are either flat iieedlos, laminae, or six-sided tablets. 

' GH».C.CH*.C(CH*)*N7T= 

Amldotrlmetliylbatjlaotlde, (Heint/. 

Liehig's Aiinakn, clxxxix. 231 ; cxcii. 339). To prepare this compound, hydrochloride 
of diacotonaminc (p. 28) is heated with aqubous hydrocyanic acid at 120° for ton 
hours ; the brown product mixed wdth fuming hydrochloric acid, which throws down, 
sal-ammoniac ; the solution is boiled for six hours in a reflux apparatus and then 
evaporated ; the residue is exhausted with alcohol, the same process being repentod 
several times upon the extract ; and the alcoholic solution is finally dechlorinatecl 
with silver sulphate, freed from silver and sulphuric acid by baryta-water, and 
evaporated down. Amidotriraethylbutylactide thus obtained forms shining prismatic 
crystals, neutral to litmus, melting above 180°, easily soluble in water and hot 
alcohol, nearly insoluble in ether, and indifferent to cupric hydroxide and plat inic 
chloride. AVhen heated with hydrochloric acid, it is decomposed with formation of 
basic products. Nitrous acid converts it into the corresponding alcohol, or Irimcthyl- 

cip.G.cmc(cn'’)=0Ti 

hydroxyhutylactide, = IN-. , which forms large colourless 

crystals easily soluble in water, alcohol, and ether, and undergoes alteration ai 100°, 
becoming less soluble, and yielding a solution which deposits only small colourless 
crystalline granules. By boiling with barium hydrate, it is converted into an acid 
which Heintz regards as trimeihyldihydroxyhutyric acid. 

The action of hydrocyanic acid on diacctonamino hydrochloride likewise gives rise 
to three other bodies, viz. amidofmtyric acid, C^H*NO', amidotrimethylhydroxyhutyro- 
nitril, or nitrUodiacetonainine, C’lP^N^O, and the isomeric base, amidotriniethyl- 
hydroxypropylcarhilamine or carhyldiacetonamine, ' 

TRmEBTBn-CABBZB’OB, (CH»)3C.01I. Tertiary Butyl Alcohol— AccovA- 
ing to Fallow (JLiehifs Annalen, clxxxviii. 118), this compound is best prepared by 
the action of 1 mol. acetyl chloride on IJ mol. zinc-methyl, the yield amounting to 
79*6 per cent, of the calculated quantity.*^ When lieated with dehydrated oxalic acid, 
it gives up water and yields butylene (Cahours a. Demar^ay, Compt. rend. Ixxxvi. 
991). 

TBZMBTBTB-CA|lBZBm ZOBZDS, (C1P)’>CI. On the reaction of thi,*^ 
compound with isobutylene in presence of calcium oxide, see Tuibuttlbne (Iso-) 
(p. 2044). 

TBniKBTBn-CABBZBTBAMZWB, (GH3)’'G.NH^ is formed, together with 
isobutylamine, by heating isobutyl iodide with silver cyanato (R. Brauner, Lielnfs 
Annalen, cxcii. 66). 

TBZMBTBTZiBB'B BBOMZDB, GlPBr.GlF.ClFBr. Normal Profp/lene 
Bromide. — Julio Lermontoff prepares this compound by sathradng ally I bromide at 
— lt)° to —16° with dry hydrogen bromide, then heating it for iwonty-four hours 
to 166°-170°, and repeating. the treatment {Ber. ix. 1441). (Gomp. p. 1672). 
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TRlMBTHYUTBTXiAMlI&OirXUM CBBORX&B and BTDBOBXDB 

are decomposed by distillation in the manner represented by the following equations ; 

(CH“)»(C*H*)NC1 = (CH*WC*H*)N + CH*C1 

(CH»)«(CW)N(OH) = (CH*)»N + + H*0 

(Lessen, Liehufs Annalcn^ clxxxi. 364). 

• 

TRZMBTBTB-OXiTCBRAMnrB is formed by heating triniethylamino 
with monochiorhydrin on the water-biifth for twelve hours. Its platinochloridey 
■ [C’ll’0*(CH*)*NClpPtCl\ forms orange-coloured, apparently quadratic tables, which 
give off hydrogen chloride in a vacuum, and are easily soluble in water, but insoluble 
in alcohol (Hanriot, Compt, rend, Ixxxvi. 1335). 

TRZMBTBYXi-MBBAMZBB, C*H*(CH*)N*, is formed on heating methyl- 
cyaiianiide for a short time in aqueous or alcoholic solution, also when the same 
compound is exposed to the air, especially to moist air. This reaction explains the 
production of tri methyl-melamine by dosulphuration of methyl-thiolarbamide, as 
observed by Hoffmann (p. 1271), (E. Eaumann, Ber. vi. 1371). 

TRZMBTBYXiBAPBTBnAMMOBZUM ZODZDB, C>»H^N(CH>)H. 
See Naphthalenes (Amido-), (p. 1370). The corresponding hydroxide, obtained by 
agitating the aqueous solution of the iodide with moist silver oxide, is deliquescent, 
strongly basic, and forms wcll-crystallised salts (LandshoffL J. pr, Chem, [21, xvii. 
286). 

TRZMBTBYXiPBBBrVirAMMOBZirM ZODZDB, (CH»)»(C«H>)N1. This 
compound, exposed to the action of a stream of dry hydrogen chloride, is converted 
into dimethylaniline and methyl iodide< 

(CH*)«(C‘»H»)NI + HCl « (CH»)2(C«1P)N,HC1 + CH»I 
(N. F. Merrill, J. pr. Chem. [2], xvii. 286). 

TRZZZBTBYZiPBOSPBZBrB BYBRZORZDB, P(C1P/,HI. On the forma- 
tion of this compound from PHH and 0»S*, see Phosphines (p. 1679). 

TRZMBTBYB-a-PROPZOBBTAZBB, better called a-Propiu- 

betaine (pp. 187, 324). 

TRZMBTBYZ..ROSABZZiZBB, = C’"H*«(CH»)»N« (A. W. Hofmann, 

Ber. vi. 352). The methochloride of this base is obtained by oxidising dimethyl- 
aniline with potassium chlorate and cupric sulphate, or with cupric nitrate and 
common salt, the ingredients being worked up with sand to a homogeneous mass, and 
hoatea, in the firs^ case, in a water-bath for several days, in the second for forty- 
eight hours at a temperature not exceeding 50*^. The free base, the meth-hydroxide 
of trimethyl-rosaiiiline, C*®H'®(CH’)*N*,C1I*,0H, separated from the crude product 
by means of caustic soda-solution, is a blue crystalline precipitate which dries up to a 
rod-brown powder, insoluble in water and in ether, but dissolving with fine violet 
colour in alcohol. It is also readily dissolved by dilute acids, forming salts which 
are decomposed by ammonia. The methiodide obtained from the meth-hydroxide by 
solution in alcohol and addition of siqueous hydriodic acid, consists of microscopic 
needles, sparingly soluble in water and in alcohol. The methylpkrate forms fine 
bronze-coloured needles easily soluble in boiling, less easily in cold aldohol. The 
leucO‘Compound, analogous to the meth-hydroxide of trimethyl-rosfiniline, obtained 
by the action of alcoholic ammonium' sulpiiido on the violet base at 100^ under pres-^ 
sure, forms large flattened needles, which acquire a violet tinge in drying, dissolve 
but sparingly in water, either cold or hot, readily in alcohol and in ether. The results 
of its analysis agree approximately with either of the formulae C''“H**(CH*)®N*CH*H or 
*C‘»H'«(CH»)*N»,H*. » 

To decide the question whether the violet dye obtained as above from dimethyl- 
aniline is identical or isomeric with the methyl- violet prepared on the manufacturing 
scale from rosaniline, an attempt was made to convert the former into the diiodo- 
methylate. If the two bodies are identical, the diiodomethylate thus produced will 
bo the well-known iodine-green (vi. 162), and convertible by further introduction of 
methyl iodide into the splendidly crystallised violet tri-iodomethylate. Experiment 
showed that the bgdies in question are identical (Hofi^nn). 

Trimethyl-rotuniline may also be prepued by oxidising a mixture of methylaniline 
&nd dimethylaniline with cupric chloride. Rosaniline and trimethylrosaniline 



2054 TRIMBTHYLSKLENONpM IODIDE. 

dimethylate act on one another in alcoholic solution at ordinary temperatures, 
according to the following equations : 

+ C*'H»«(CH»)»N*.2CH»OH » 

+ C»H*«(OH*)»N* + ZK^O 
and 

2(C"H'®N»H*0) + *» 

2C“H«(CH»)N» + C“H*®(CH*)*N» + r 

The colour of the liquid passes from blue thritugh red into violet-red, the last colour 
changing on addition of hydrochloric acid to leaf-brown (Girard a. Willm, BiUl. 8oc. 
Chm. [2], XXV. 100). 

Triiodomethylrosanilim is prepared by heating a mixture of 10 pts. rosaniline- 
base, 12 methyl iodide, and 20 methyl alcohol — all as pure as possible — in an 
enamelled autoclave for three or four hours at a temperature not exceeding 115°. 
The excess of methyl iodide is then distilled off, and the crystals are purified by re- 
crystallisatidnJ[Hofmann, ho. cit.) 

Tam&TB7]bSfiX.BiroirXiniff ZOBZBB, (Cll>)>SeI, is formed when dibenzyl- 
« diselenide (p. 316) is left for two days in a closed vessel with methyl iodide; and on 
decanting the aqueous solution of the product from a black residue, evaporating slightly, 
digesting the liquid with silver chloride, and treating the filtrate with platinic chlorides, 
tritiiethylselenonium platinochloride^, [4CH^)*SeCl]‘-PtCl*, is formed, which crystallises 
from water in dark red netohedrons (G. L. Jackson, Bcr, vii. 1277). 

TRZMZSTBYZ.SirZ.PBZirs, (Cil»)>S. See Sui4'UINEs (p. 1849). 

TRZKBTBTXi-TOBTZJLMMOBZirK ZOBZBB, (OIP)>(C"II^CH»)NI. 
See Toluenes, Amido- (p. 2000). • 

TRZBAPBTBiLBBiarS-BZAMZiarS, (C>»Ho)>XS is formed by heating naph- 
thylamino, naphthylamino hydrochloride, and nitronaphthaleno, in molecular propor- 
tion, in a sealed tube at 190°-220° for three or four hours. The resulting black mass 
is pulverised, treating with hot water, and then, after addition of potash-ley, with 
superheated steam, and the residual base is dissolved in hot alcohol and piwcipitatud 
by water. It may also bo prepared by heating the above mixture in open vessels, the 
reaction beginning, on addition of a trace of ferric chloride, at 150°. For purification 
it may be dissolved in chloroform and separated therefrom by evaporation. The base 
thus obtained contains 1 mol. w^ater, which it gives off slowly at 120°-126°. It is an 
amorphous blue-black powder, insoluble in water and in other, dissolving with rwl 
colour in warm benzene. Heated at 180° in contact with the air, it begins to decom- 
pose. The hydrochUrtride, prepared by passing hydrogen chloride into the chloroform 
solution, evaporating the chloroform, and washing the residue with hot water, is a 
violet. amorphous powder, dissolving in the. same solvents as the base, buPmore 
readily and with finer colour. 13oth the salt and the base producS* red-violet colours 
in dyeing (Siilzmann a. Wichclhaus, Bcr, ix. 1107). 

TRZ-o-BAPBTBOZiPTROKBZiBZTBZC ACZB. See Naputuuls (vii. 
840). 

TRZBZTRAWZBZBB, C«H2(NO'-')»NH* [1 : 2 :.4 : 6, NH* in 1]. Picramide, 
See Benzenes, Nitramido- (p. 198). 

TRZBZtTROASOXTBBBZBWB, C'’>H'(NO‘‘)3N'<<0. See Azoxtbenzene 

(p. 216). » 

4 

TRZBZTROBBHZABZZiZBB, = C*H>(NO‘02NH.CO.C”U«(NO0* 

formed by nitration of paranitrobenzanilido, melts at 165°, and is resolvable into 
metanitrobenzoic^acid and [1:2:4] dinitraniline (p. 198): hence fta constitution 
may be represented by the ^rmula : ^ 

NO* 


NH~C 
NO* 

The same trinitrobenzanilide is formed from orthonitrobenzanilide (m. p. 94°). 
Metanitiobenzanilide (m. p. 154°) gives three trinitrobenzanilides molting respectively 
at 178°, 202°, and 212°. The first of these is resolvable into [1 : 2 : 4] dinitraniline 
and probably orthonitrobcnzoic acid (H. Hubiiur, Ber, x. 1708). 
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TfilNlTROPARADIPHENYLBENZENB. 

SBXWXntOBWZW^ g 4\NO<)>, is obtained by enclosing metadinitro- 
benzene (p. 175) in proportions oi 2 grams each with 20 g. of a mixture of 2 vol. 
fuming sulphuric acid and 1 vol. highly concentrated nitric acid in strong tubes, and 
heating the tubes first for a day at 80®, afterwards for two or three days at 130®-140°. 
On pouring the contents into water, a precipitate is formed, consisting of trinitro- 
benzene, which my be purified by crystallisation from alcohol or acetic acid, and then 
forms white laminae or needles melting at 121®-122®, slightly soluble in water, more 
soluble in ether and in hot alcohol (P. Hepp, Her, ix. 402). 

Trinitrobenzino forms crystallised compounds with benzene, naphthalene, aniline, 
and dimethylaniline. By crystallising jt from benzene, large prismatic crystals are 
obtained having the composition G*H*(NO*)*,C*H®. With naphthalene in alcoholic 
solution it yields the compound C*H*(NO*)»,C*®H*, which melts at 1520-163®, and is 
somewhat unstable, being partly decomposed by recrystallisation from alcohol. The 
aniline-compounA, prepared like the last, forms red needles 

melting at 123®-! 24®, nearly insoluble in cold alcohol, and likewise unstable. The 
homologous dimethylaniline-compound forms long dark violet needles melting at 106°- 
108®. By nitrating paradinitrohenzene (m. p. 171®) and treating the product (? an 
isomeric trinitrobenzene) with aniline and alcohol, a body is obtained i>/eltingat 163®, 
and probably having the composition C®H*(NO*)*NHC®H^, together with diazoamido* 
benzene (Hepp, BulL 8oc. Chim. [2], xxx. 4). , 

TRZXrZTltOBBXrzoZC ACZB, C®H*(N02)».COOH, obtained by prolonged 
digestion of trinitrotoluene with fuming nitric acid at 100®, forms large prismatic 
crystals melting at 100®, and subliming witheut decomposition. Its silver salt is 
sparingly soluble in water (Tiemann a. Judson, Ber. iii. 22."^. According to Fried- 
lander {Zcitschr.f. Kri/st. i. 623), the crystals of trinitrobenzoic acid are orthorhombic, 
rt : 5 I csbO‘ 8870 ! 1 I 0'57i6. pombinatiun ooP . oof oo (predominant) . f oo. Angle 
P 00 : f 00 ss 59® 30'. No distinct cleavitge. The plane of the optic axes coincides 
with OP. The axis h is the first medifu line. Double .refraction positive. Apparent 
angle of axes in air for Li-rod 90° 26', for Na-yellow 84*^ 36', for Tl-green 78® 6'. 

TRZirZTROBBJrZTBirAPHTRAXiBZrB. ^ieo Napictuaikne (p. 1346). 

TRZBTZTROCRBSOZi, C«H(NO«)®OH.CH*. See Cbesols (p. 683), 

TRZ|rZTRO-a.ZIZCBZiORORAPBTBABBlf B, C^®H®CP(NO®)®, obtained by 
the action of a mixture of strong sulphuric acid and nitric acid (sp. gr. 1*48) on 
o-dichloronaphthalone, crystallises from glacial acetic acid in brittle yellow prisms, 
freely soluble in chloroform, sparingly in alcohol, and melting at 178® (0. Widman, 
Bull. Soc, Chim, [2], xxviii. 606). 

TRZBZTROBZBTBTXiQVZMrOB, C®H(N07(0C^1P)^. See Quikol (p. 1739). 

TRZBZTROBZMBTBYXiCATBCBOB, C®H(NO^)®(OH)^ See Nitbo- 

VKUATUOLS under Yebatuol. 

liUBZTROyZMBTBTXiBTBTZiBBBrZBBB, C®(N0')’(CH®)®(C2H®). See 
Mesitylenk, Homologues oe (p. 1285). 

TRZBZTROBZMBTBTZiQVZBOB, G®H(N02)*(0CH®)^ See Quinol 

(p.1738). 

TRZBZTROBZMBTBT&RBBORCZBOB. See Resobcinol (p. 1751). 

TRZBZTROBZPBBirvli, G^'H^NO^)’ This appears to bo the composition 
of a compound formed on dissolving dinitrodiphenyl (p. 661) in a mixture of sulphuric 
and fuming nitric acids. It separates from solution in benzene in yellowish crystals 
(Huchner, Ber. viii. 22). ^ * 

TRZBZTROOBYCBRTB is the ^amo given (not very appropriately) 
Brackobusch to trinitrin or trinitropropane, C®H*(NO“)*. See Glycerol (p. 876). 

TRZBZTR0ZB08ZTB, C®H»(N0*)»0». See Inositb (p. 1091). 

TRZBTZTROZSOXnBBB, C*H’(NO*)». See Xylenes. 

TRZBZTROPZBSZTnBWB, G*H''(NO*)®. According to Ladenburg (Liebi^*8 
Annalen, clxxix. 176), this compound, when reduced with tin and hydrochloric acid, 
yields, not triamidomesitylene, but diamidomesitylene, with separation of ammonia. 

TRZBrZTROBAPBTBAMBTBS, C^^H^NO^)®. See Naphthalene (p. 352). 

TRZJrZTROPARABZPBBBTBBBBZBBBf C'®H"(NO®)’, obtained by the 
action of fuming nitric a6id on paradiphenylbenzene (p. 665), crystallises from glacial 
acetic acid in long white needles melting at 190®. If the nitration be performed in glacial 
acetic acid, the chief product is dinitrodiphenylbenzene, which melt^ at 264®, and is 
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but spangly soluble in the ordinary solvents ana in glacial acetic acid, even when 
hot (H. Schmidt a. G. Schultz, Ber, xi. 1756). 

TRWZTllOPBBirBTOl£&, C'‘H‘^(NO'0^OC-H\ Sec Phenol-ethehs (p. 1522). 

TBWlTBOFBBXrOB, OH2(NO‘‘0’OH. See Fueeul (p. 1528). 

TBZBrmOPBBVOBSVWBOBZC ACZD, C«iI(NO*0’'(OH)(SO»H). The 
mother-liquor of barium metabromobenzenesulphonate (p. 236) contains an uncrystal- 
lisable barium phenolsulphonate, the acid of which is converted by strong nitric 
acid into a trinitrophenolsulphonic acid which remains on evaporation as a 
crystalline mass. Its salts explode violently when heated. The potasdtim saltf 
C‘*H(NO")*(OH)SO’K + H‘'0, forms small orange-red rhombic prisms, moderately 
soluble in water. The barium salt^ [C'‘H(NO-y*(OH)SO®]’-Ba+ SH’-'O, forms small 
yellow to reddish-yellow crystals, often grouped in nodules, and moderately soluble 
ill water (Berndson, Liebig's AnmUn^ clxxvii. 92). 

a-nuwxTROVBBirriiMaTAinTiULin&nrB, 

with Pauapicbi^metanitiuniline. See Benzenes (Nitiiamidu-) (p. 190). 

TBZBZTBOPBBBTZiMBTBABB, CH(CoH^NO‘^)=‘. See Tuiphenylmetuane 
•.(p. 2058). 

TBZBlTBORBBOBCZBOXi, CoH>(NO‘0’(OU). See Resoucinol (p. 1751). 

TBZBZTBOBOPBZiOBOOBTr^OXi, C«(N0)X01i)^ See Puloboglucol 
(p. 1571) 

TBZBZTBOTOZiUBBB, C«H*^(NO*)*.CH*. See T^i^jene (p. 1994). 

TBZBlTBOTOliTPBBBYXi BBTOBB, C' >n«(N0‘)»0. See Tolyl Ketones 
(p. 2038). 

TBZBXTBOTRZBBOMOBBBZBBB (symmetric), C‘>.NO'‘‘.Br. NO-.Br.NO'^Br, 
is formed by the action of a mixture of fuming nitric and sulphuric acids on dinitru- 
i7i-bromobenzene (p. 181). 

TRZPHABB. Pisani {CompU rend. Ixxxiv. 1509) has examined a triphane 
from Brazil, consisting of imperfect crystals which cleave parallel to a j^rism of 
80® 45', but do not exhibit the cleavage parallel to oo Poo, which is so distinct in 
other triphanes. Hardness = 1; sp.gr. ~ 3*16. Analysis gave : 

SiO» APO» FeO MnO (.^aO Li’O Na»0 

63*80 27*93 105 0*12 0'46 6*75 0*89 = 101 00. 

TRZPBBKTTZiACBTZC ACZD, (C'‘H^)*O.COOH, is formed, together with sal- 
ammoniac, by the action of fuming hydrochloric and glacial acetic acid on triphesyl- 
acetonitril {infra). It is moderately soluble in alcohol and ligroi'n, less soluble in 
glacial acetic acid, and separates from the latter in compact colourless crystals ^r in 
thin six-sided laminae or prisms. It softens at 230®, but does not #use till heated to 
260®. It yields a nitro-deriveUive which dissolves with brown colour in alkalis 
(E. and 0. Fischer, Liebig's AnnaleUy cxciv. 242). 

TRZPBBBTXiACBTOiriTRZBiTRZPBBBTBCARBZBYZiCYAirZDE, 
or TRZPBBBYZiCYABOllIBTBABS, (C»H^)3C.CN, is formed by the tiction of 
dry mercuric cyanide at 150®-170® on triphenylchloronyjthane (p. 2057). It crystal- 
lises from ligroi'n or glacial acetic acid in well-defined colourless triangular prisms, 
which melt at 127*5®, and dissolve readily in hot benzene and glacial acetic acid, less 
easily in ligniin. Alcoholic potash converts it into a colourless indifferent body, 
probably a polymeflc nitril, which crystallises in colourless needles molting at 210® 
(p. and 0. Fischer). ^ 

TRlPBBBYXiAMIirB, N(CW)’. Sec pp. 209, 1552. 

TRZPBBWYBARBZWBf As(C"H^)^ See Piienylabsenic CoMi\)UirD8 (p. 1553). 

TRZPBBBYBiBBBZBBB, 0*^*“= C®H*(C'»H»)* This hydrocarbon is formed 
by heating mothylphenyl ketone with alcoholic ammonia, and remains undissolvcd on 
treating the product with hydrochloric acid. Its fonnation is a simple process of 
dehydration, and is analogous to that of mesitylene (trimethylbenzene) from acetone : 
3(C*H*.CO.CH*) = 3H*0 -f- C*H*(C®fl*)*. It is also produced by the action of phos- 
phoric anhydride on phenylmethyl ketone (Engler a. Heiner, Bar, vi. 638), and by 
distilling phenyltribenzoic acid over red-hot potassium hydroxide : C”H\C”H^CO^H)^ 
« 3CO* + C*H*(C*H*)* (Gabriel a. Michael, Ber, xi. 1007). *Engler Berthold (Ber, 
vii. 1 123) prepare it by saturating phenylmethyl ketone with di^ hydrogen chloride 
and leaving the liquid at rest for several days at a lukewarm temperature, whereupon 
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triphonylbenzene sepamtes in jmnsiderable quantity. A further quantity may be 
obtained by treating the decantea liquid with hydrogen chloride, and by repeating the 
operation, a solid product may be obtained amounting in all to about 60 per cent, of 
the phenylmethyl ketone employed. From the last mother-liquors a further quantity 
may be precipitated by dilute alkalis. 

Triphenyl benzene forms orthorhombic crystals having the axial ratio a : 6 r <? — 
0*56616 ! 1 : 0*7663, exhibiting the combination oo f oo . oo F oo . oo P . oo P3 .oo P oo, 
also (in crystals from another source), JP and ^P. Fundamental and normal angles, 
00 P : 00 f 00 fe 60° 29' ; f 00 ; oo P = 72° 33' 30". Fracture flat conchoi’dal, approximat- 
ing to a rleavago parallel to OP. Plfine of optic axes oo ^ oo, A plate cut parallel to 
OP showed in air; 2K for Li-liglit 17° 48'; forNa-light = 18° 25'; for Tl-light 
— 10° 27'. The double refraction ot‘ triphenylbenzeno is stronger thiin that of any 
other substance yet examined (Arzruni, ZdUcht, Kryat, i. 446). On the crystalline 
form of triphenylbenzene, see also Englor a. Berthold {loc» cit.) 

Triphenylbenzone melts at 169°-170° and boils at a temperature above the boiling 
point of sulphur. It dissolves sparingly in aqueous alcohol, more raidily in absolute 
alcohol, ether, and carbon sulphide, most rcJidily in benzene (Engler a. Berthold). 

Monobraniotriplienylhenzenet C‘*^ll”Br, is formed on leaving a sol^ition of triphenyl- 
beuzono and bromine in ciirbon sulphide at rest for several days, and remains on 
evaporating the solvent, as a resin which, by crystallisation from alcohol, may Jbe 
obtained in colourless needles molting at 104° (Engler a. Berthold). 

An isomcride of the triphenylbenzene just described is formed, together with 
resinous products, by the action of strong ^itric acid on beuzerythreno (vi. 304). 
Chrysene (vi. 459 ; vii. 338 ; viii. 463) bis also the s^^me percentage composition 
(G. Schulz, Her. xi. 95). 

TRlPHEXYZiCAR^I AMXDS, NH(C<>E^).C0.^(C<’11‘‘)’^ (see CAiiiiAMiiiKS, 
p. 391). It is resolved by heat into phonvl isocyanate and dipheuylamine (Michler, 

ix. 715). 

TRZPRSRYXi-CARBZXSrOE, =:(C®IP;’COH (Ilemilian, Ber. vii. 1203). 

This tertiary alcohol is formed : 1. By boiling trimetliylmc thane with chromic acid 
mixture till the oily layer which floats on the surface solidifies to a crystalline crust ; 
it may bo purified by wasliirig with boiling water and recrystallisation from benzene. 
2. By adding 1 mol. bromine to a solution of 1 mol. triphcnylmethane in carbon 
sulphide. On evaporating the solvent, there remains a brown oil, solidifying when 
treated with water to a brown mass of the carbinol, which may be freed from brown 
greasy bodies, and obtained colourless by solution in light petroleum and evaporation 
of the solvent. 

Triphcnyl-carbinol melts at 157°, boils at' a temperature above 360°, dissolves 
readily in alcohol, ether, and benzene, and crystallises from these solvents by slow 
evaporation in shining hard six-sided plates. These crystals, according to measure- 
ments by Hintze, belong to the monoclinie system, a : h .* 6' = 0*75188 : 1 .* 0*62971. 
iAglo a\ c= y 9° 41' 50". Combination oo P . P . OP . — 3P oo . — 2P go. 

'rriphenyl-carbinol is not altered by distillation with soda-lime, or by treatment 
with alkalis, dilute mineral acids, or sodium-amalgam. It dissolves readily in strong 
milphuriG acid, even at ordinary temperatures, forming a yellow solution from which 
it is precipitated by water in its original state. With hromim and nitric acid it forms 
substitution-products difficult to purify. With acetyl chloride or acetic anhydride, 
and with hensoyl chloride, it yields ethers which are immediately decomposed by 
water or by alcohol. The acetic ether when distilled is partially carbonised and 
yields acetic acid and triphenylmothane. When a solution of the carbinol in anhydrous 
toluene is boiled with sodium, hydrogen is evolved, and an insoluble, pulverulent, very 
hygroscopic sodium-derivative is formed, which is immediately ^resolved by water into 
sodium hydroxide and trlphenyl-carldnol. Triphonyl- carbinol, heated with b0%zone 
and phosphoric anhydride, yields triphenylmothane and diphenyl, according to 
the equation : 

(C«H^)».CHO + 2(C®H\H) = H^O + (CVI^)»CH + C«mC«H®. 

Trinitrotriphenyl-carhinol, C*®H*'‘^N0^.01I, is formed by oxidising trinitrotri- 
phenylmethano with chromic acid and glacial acetic acid, and separates from hot 
benzene in nearly colourless crystals melting at 171°-172°, sparingly soluble in 
alcohol, ether, and carbon sulphide, more freely in benzene and glacial acetic acid 
(E. and 0. Fischer, loc. cit) 

TRZPBBXnrROALRBIXm OBBORZBB, or TRXFBBBrTBCBBORO- 
HKBTBAXril, (<3“H*)*CC1, is formed on mixing triphcnyl-carbinol with phosphorus 
peutachloride, the mixture becoming warm and liquefying, giving off hydrogen chloride 
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nnd a distillate of FOCP, and leaving a residue of tl'phenjlcarbinyl chloride, which 
-eolidifles on cooling to a radio-crystalline mass. Ai 160° this chloride begins to 
decompose and give off hydrogen chloride. It is slowly decomposed by cold water, 
instantly by boiling water, yielding hydrochloric acid and triphenyl-carmnol. When 
heated above 200°, it is resolved into hydrogen chloride and diphenylenephenyl- 


methane, ^ 


:.C«Hs. 


By zinc-tihyh dissolved in benzene, the chloride is con- 


verted into triphenylmethane (E. and 0. Fischer). Heated to 1 60°- 170° with 
dry mercurio cyanidey it yields triphenylacetopitril, (C®1I*)*0.CN (p. 2066). 


Ethylio TtiyhznyUathinylaiey or Trvphmyl-ethoxylmethaney (C®H®)*C(00®H*), is 
formed by boiling trimethylcarbinyl chloride with absolute alcohol, and separates, on 
mixing the cooled product with water, as a colourless oil which solidihos after long 
standing. It is easily soluble in ether, beiusene, and hot alcohol, and separates from 
the latter in. small indistinct crystals which distil without decomposition in a current 
of air (Hemilian). 


TRZPBBirrXiSirfi, See Chrysene (p. 463). 

TBZPBfiXrTiiBirB-DZAMnrB, This compound is formed, to- 

gether with sal-ammoniac, by heating 2 mol. aniline with 1 mol. nitrobenzene and dry 
hydrochloric acid in exhausted tubes for six hours at 230° ; also by heating diphenyl- 
amine with nitrobenzene and dry hydrochloric acid at the same temperature for an 
hour ; and by the action of dry hydroc^iloric acid at 215° on azodiphenyl-blue ; it 
appears to be identical with^he colouring matter known as Staedeler's blue (J. yr. 
Chem, xevi. 63 ; Jahresb. /. Chem, 1865, 410). At the same time an intermediate 
product, is formed, which may also be produced Ify heating aniline hydro- 

chloride with nitrobenzene at 210° (v. Dechen a. Wichelhahs, £er, viii. 1609). 

TBZPBBBYZiBTBYXiCABBAMZDB, N(C®H®)’^.CO.N(C’‘H®)(C®H^). See 
Gabbamides (p. 391). ^ 


TRZPBBmrZi-OVABZDZBB, CH2(C»H®)»N». The two known 

modifications of this compound, a and 3, are described under Guanidine (p. 906). A 
body having the same constitution as a-triphenyl-guanidine, but differing from it in 
physical properties, is described by Sell a. Zierold {JBer, vii. 1228) as produced b|r the 
action of aniline on isocyanphenyl chloride : 


C®H».NCC1* + 2(C»H\NH*) = 2HC1 + C“H*.NC(NH.C®H»)*. 

The by<lrochlorido of this base crystallises from aqueous alcohol in small white 
laminae melting at 207°, whereas the hydrochloride of a-triphony 1-guanidine obtained 
by Weith (p. 907) melts at 241°-242°. 

TRZPBBmrB-MBTBAZrB, (0®H®)’CH. This compound, which Kekule a. 
Franchimont obtained by heating benzylcne dichloride with mercury- diphenyl (vii. 
948), is also produced by the following reactions : a. By heating a mixture of ben^- 
hydrol, benzene, and phosphoric anhydride at 130°-140° for four hours. To purify 
it, the contents of the tube are washed with water and then distilled, whereupon thc3 
h 3 'drocarbon passes over at a temperature above 360° as a light yellow oil, solidi- 
fying after a while to a mass of crystals, which may be freed froin adhering oil by 
washing with cold, and recrystallisation from boiling alcohol (Hemilian, Ber, vii. 
1208). 3. By heating 3’benzpinaoolin with soda-lime at ,about 300°, benzoic acid 
being formed at the same time (Thornor a. Zincko, Ber. xi. 65) : 

(C*H*)*C.CO.C®H» + NaOH » (C®H*)»CH + C®H».CO*Na. 

• 

y. By treating a mixture of benzene and chloroform with aluminium chloride, ferric 
chloride, or zinc chloride at ordinary temperaturp, or with ferrous chloride aided by 
heat (Friedcl a. Krafts, J. pr. Chem. [2], xvi. 233). 

E. and 0. Fischer (Liebigs Annaleny cxciv. 202) prepare tri phenyl-methane by 
mixing 200 g. chloroform and 700 g. dry benzene with aluminium chloride, whereupon 
a brisk evolution of hydrogen chlqride takes place, and afterwards heating the mixture, 
the reaction being then completed in about thirty hours. On pouring the two result- 
ing layers of liquid into water and applying heat, diphenyl-methane passes over 
between 200° and 300°, and afterwards triphonyl-methane, which may bo purified by 
ciystallisatiun from alcohol ; the pure product amounts to 200 grams. 

Triphenyl-methane separates from alcoholic solution in brilliant well-defined 
crystals, melts at 92*5°, and boils at about 355°. 

TrinitrotrvphcnyUmethaney (C“H®.NO*)*CH. — Triphonyl-meth^e dissolves readily 
in fuming nitric acid at ordinarpr temperatures, and on mixing tfie solution with 
water, a thick yellow oil is precipitated, which, when treated with chloroform, leaves 
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the trinitro-compoand in the ^rm of a light yellow powder. It is yery sparingly 
soluble in alcohol and ether, easily in boiling acetone and benzene ; crystallises there- 
from in small yellow scales ; melts at 203^, and decomposes without detonation at a 
higher temperature (Hemilian, Btr, yii. 1203). According to E. and 0. Fischer (loc, 
ciii) it melts at 206°-207®. 

TSZPBSXrniMCBTBAltBTKZSTrXiPHOVZC ACZD, CH(C«H^S0’H)^ 
formed by the action of sulphuric acid on triphenyl-mcthano, is yery soluble in wate;;^ 
and yields a»yery soluble barium salt, which is precipitated by alcohol from its aqueous 
solution^ and when air-dried has the composition [CII(C®H^SO*)*]'‘*Ba+ SH'-'O. The 
sulpho-acid, fused with potassium hydroxide, yields a phenolic body easily soluble in 
ether, and crystallising in colourless needles which, when exposed to the air, quickly 
turn red and partially resinise (Hemilian). 

TXZPBBZm-BOSABZBZBB, A body exhibiting the 

behaviour of this compound is formed, together with HBr and NH^Br, on gradually 
adding bromine (6 mol.) to a solution of diphenylamine and toluidine (2 mol. each) in 
glacial acetic acid, then distilling off the acid, heating the product for some hours at 
160°, and afterwards at 180°, till it solidities and assumes a coppery lustre. The tri- 
phenyl -rosaniline may he extracted from the crude product by Aniline ; purified by 
dissolving it in 40 pts. alcohol and 2 pts. soda-icy of 20 per cent., and filtering the 
resulting solution from a brown base formed at the same time ; and separated from •the 
filtrate by hydrochloric acid. It dissolves in alcohol with blue colour, and dyes silk 
like the commercial product 3B. By successive treatment with strong sulphuric acid 
and caustic soda, it is converted into the form which is soluble in water (A. Weber, 
Ber. X. 760). * 

On TriphenylrosamCline-sulphonic cLcids^ see vli. 77. 

TBZPBliOBlSTZBir, C”II‘^«0»r=3C®H‘®0* (phloretic acid) -2H20. Phloretic 
acid, heated at about 60° with phosphorus oxychloride, dissolves, with evolution of 
hydrogen chloride, and after nbout an hour the whole solidifies to a white mass. On 
washing the product with other, alcohol, and water, .ind then dissolving it in glacial 
acetic acid at the boiling heat, the solution on cooling yields whito crystals of tri- 
phloretide (H. Schiff; Ber, vi. 769). 

7BZPaoSPBBN’TXiZC AGZD, (C«H®)XFO)30>(Oil)'^. See Puospubnylic 
Acids (p. 1676). 

TBZPBOSPBZSmrZa SVXiPBZDBp (C®H®P)»S, is produced, togetlier with 
phenylphosphine sulphide, by heating phcnylphosphine with sulphur at 

100° in a stream of hydrogen. It forms crystals which melt at 138°, are insoluble in 
ether, but dissolve with violent reaction in nitric acid (Kohler a. Michaelis, Ber, x. 
807). 

TBZPBTBZB. This mineral occurs in a granite vein at Grafton, New llamp- 
#hiro, in masses of various weight up to 20 kilograms and more ; frequently decom- 
posed on tlM outside, but fresh in the interior. The. following ane^ses by S. L. 
IPonHeld (Sill. Am. J. [3], xiii. 426) lead to the formula 106*PO*-J- 11R*P*0’*, which 
<'«>eH not differ much from that given by Rammolsberg {Miner alchemic, 2 Anfl. 307), 


P“0“ 

FeO 

MnO 

CaO 

MgO 

Li“0 

K»0 

Na“0 

H»0 


44*18 

26*09 

18*17 

0*89 

0*66 

8*77 

0*32 

0*16 

1*47 = 

= 100*61 

43*88 

26*38 

18*24 

0*99 

0*61 

8*81 

0*32 

0*09 

1*47 = 

= 100*79 


TRZPZiATOCTOBZTBOSTXiZC ACZD* Pt®0(NO>)*H4. Sed Platoxituites 

(p. 1666). • 

TBZPXiZTB. This mineral has been found by Stelznlr {Jahrb. f. Min. 1874, 
^304) in the granitic quartz-veins - of the Sierra de Cordoba, Argentine B^ublic, 
forming masses of the size of the fist without any indication of crystallisation. The 
analyses, performed by M. Siowert, differ considerably from other analyses of triplito 
(iv. 671), and are referred by him to the formulm (^Mn,gCa)F* + 2[3(§MnO,iFeO)PW], 
for A, and 10[(JMn,iCa)F»-l-3(§MnO,iFeO)P-O®l + FeW for B. Sp. gr. of A=» 
3*24 U) 3*86 i of B» 3*83 to 3*90. 

X(i) pao* FeO Fo*0’ MnO Mn CaO Ca MgO P 

A. 1 (found) 0*13 36*66 18*30 — 37*84 — 4*46 — trace 4*94-101*32 

2 (calc.) — 36*89 18*20 — 36*39 2*56 (*) — 3*16 (») — 4*81-100 

B. 1 (found) 1*17:31*13 15*88 2*22 37*74 — 6*92 — trace 7*78-101*84 

2(corr.)(«) — 31*50 16*07 2*25 38*20 — 6*99 — trace 7*87 = 101*88 

3 (calc.f •— 31*21 16*84 3*61 30*77 6*93 (®) — 4*39 (•) — 8*36-100 

(') Gangue. (*) Equiralcut to 3*30 MnO. (*)'4*42 (JaO. (*) After deduction of gangua. 
(*) 7*69 MnO. (") 6*14 CaO. 
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THZP&OXDITB (a. J. Brash a. E. S. Dana, Am. J. [3], xyi. 33, 114). A 
ferroso-manganous phosphate, occurring, together with several otJiers,^ in a granite 
vein rich in albite, near the village of Branchville, Bedding Difit;rict, Fairfield County, 
Connecticut. It usually forms ciystalline aggregates mostly parallel-fibrous to 
columnar or divergent, sometimes confusedly fibrous to nearly massive. Occasionally 
distinct crystals are found imbedded in quartz, from which they cannot be separated 
without breaking into small pieces ; rarely crystals may bo found projecting into 
cavities in the massive mineral. Hardness = 4*d-5. Sp. gr. » ,3*6^7. Lustro 
vitreous to greasy-adamantine. Colour yellowish to reddish-brown ; crystals topaz- 
to wine-yellow, sometimes hyacinth-red. Streak nearly white. Transparent trans- 
liicent. Fracture sub-conchoidal. 

The crystals are mouoclinic and homocomorphous with wagnerite ; they are much 
striated, and occasionally exhibit false planes. Observed faces: OF, ooSoo, oof oo, 
00 P, i’oo, 2F2. Habit prismatic. Axial ratio a : h : c = 1*8671 I 1 I 1*4944. Angle 
ac » 71® 46'. Of the two axes of elasticity which lie in the plane of symmetry, one 
nearly coincides with the principal crystallographic axis ; the other is almost normal 
to the orthopinacoid. 

Analyses by S. Ji. Pcnfitdd : 1. Mean of two analyses of crystals; 2. A darker 
variety, richer in iron : 


• 


p*0» 

FcO 

l^rnO 

CaO 

11*0 

Quartz 


1. 

32*11 

14*88 

48*45 

0*33 

4*08 

— == 99*85 


2. 

32*24 

18*65 

42-96 

not det. 

409 

1*09 


These analyses lead to the Cormula ft^P*0^ + H*0 = fr(P0‘)2 + fiHW, which for 
Mn ; Fe=3 ; 1 requires the values 31*91 PW, 1C* 18 Fe0^4J*86 MnO, 4*05 H*0. 
Triploidito being isomorphous with wagnerite, and the composition of the latter 
being analogous to that of triplite, the relations botw'cen these three minerfils may be 
represented by the following formulae : " 

Wagnerite Mg^P^O® + MgF* 

Triplite (Fo,Mn)®P20* + (Fe,Mu)F* 

Triploidito (Mu,Fe)®P=^0® + (Mn,Fe)(OH)» 

that is to say, triploidite is triplite having the fiuoriiie replaced by hydroxyl. § 

TRXPOBX. This name is given in commerce to a porous, easily friable mineral 
produced by transformation of hornstono ; it occurs in large quantities in South-w’ost 
Missouri, and is used for making whetstones (A. Schmidt, Jahrh.f. Min, 1878, 719). 

TXlXPBOPTXMa.RSX»rE| (C®H’)*Ab. See Propyl-compounds (p. 1677). 

TRXPROPTXiPBOSPBXXrBS, (C®H0*P. Normal tripropyl phosphine is ob- 
tained by the action of phosphorus trichloride on zinc-propyl: 3(C*H0''Zn + 2PCP:-- 
3ZnCP + 2(C®H’)*P (Cahours, Compt, rend, Ixxvi. 1383). t 

On Tri’isapropylphospJiineSi see Puosfuinbs (vii. 965). 

TRXPROPYX.8UXiPBXBB XODXRS, (C®H0’'SI. See Propyl-compounds 
(vii. 1014). 

TRXPSBUBOTOXiYXi-OVABXDXB'B (see p. 2062). 

TRXSUBPBETBYXi-METBAXrE, or METBY&TRXMBRCAPTXDE, 

CH(S.C'^H®)*, formed by the action of chloroform on sodium-mercaptide, is an oily 
liquid, partially decomposing when boiled, and oxidised by nitric acid to ethylsul- 
phonic acid (Niederist, J, pr, CJiem, [2], xv. 174). 

TJUSmLPBYBROBYEEEZOXC ACXB^.C«(OH)H(SO>H)»COOH, syn. with . 
OxY- for rather Hydroxy-) benzotrlsuliuionic Acid (p. 1467), ' 

TRXSVXiPBOESTBYB-nTROSYXip C®H*®S»0»N = (OTRS02)SNQ. This 
compound, which Wischin obtained (Lkhig^s Annalmf cxxxix. 364), together with 
ethylsulphonic acid, by the action ^f nitric acid on ethylaulphinic acid, C‘*H\SO.OH 
(produced by the action of sulphurous acid on zinc-ethyl), has been further examined 
by Zuckschwerdt {ihid. clxxiv. 308), who finds that it is more abundantly obtained 
by treating the product of the action of sulphurous acid on zinc-ethyl directly with 
nitric acid. The product, which is viscid and ropy, after being freed by a little water 
from ethyl oxide (formed in its preparation), is gently heated in separate small portions 
with a large excess of nitric acid of sp. gr. 1*4, whereupon a violel^t reaction soon sets 
in, accompanied by evolution of nitrous fumes and separation of an oijy liquid, which 
soon solidifies, to a (^stalline mass. This mass is separated from the liquid (available 
for a further operation), pulverised, purified by washing and fusion under water, and 
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finally twice ciystallised from^^ooiling alcohol of 96 per cent. Its formation is repre- 
sented by the equation : 

6(C*H».S00H) + 3N0>H = (C*H»SO*)*NO + N*0* + 3H*0 + 3(C*H*.SO»H). 


Trisulphonethyl-nitrosyl, when slowly separated from a moderately concentrated 
alcoholic solution, forms large colourless tabular crystals, easily soluble in boiling 
alcohol, less soluble in cold alcohol and in ether, very sparingly in cold water, soff^- 
what more ^eely in hot water. It melts at 81 'S", volatilises without residue when 
cautiously heated, and at a higher temperature carbonises and burns, emitting sul- 
phuroA vapours. When burnt in a :'uiTont of air, it gives off large quantities of red 
vapours. It is not altered by strong sulphuric or hydrochloric acid, even when heated, 
but by prolonged boiling with nitric acid it yields othylsulphonic and sulphuric acids. 
Its alcoholic solution is not precipitated by mercuric chloride, platinic chloride, or 
silver nitrate. By alcoholic potash at ordinary temperatures, or by aqueous potash 
at the boiling heat, and more slowly in the cold, or by boiling with baryta-water, it 
yields ammonia equivalent to one-fourth of the total nitrogen, sulphuric acid, and as 
chief product (more than 2 mol. to 1 mol. of the substance), othylsulphonic 
acid: 


and 


2(C»Hs.SO*)»NO + 6K01I = 6(C‘^H^SO>K) -i- 3H‘ + 
3(N202 + SIP) = GH^O + 2NIP -l- 2N2 


The oxygen of the NO-group is, however, partly employed in oxidising the ethyl- 
sulphonic acid to sulphuric acid. Trisulphonethyl-nitrosyl, heated at 180'^ with 
fuming hydrochloric acid., is resolved into ammonia, containing the whole of the nitrogen, 
and othylsulphonic a^id', while sulphuric acid is formed in relatively small quantity 
only. The same decomposition takes place, though much more slowly, on heating the 
compound at 180° w'ith water, the quantity of sulphuric acid thereby produced being 
r»'latively greater, and that of ammonia smaller, han in the former case. Heated at 
160° with twice its weight of phosphorus peMachloride, the nitrosyl-compound is con- 
verted into chloriseth ionic chloride : 


(CmS02)»N0 -f 6P01* = 3(C^H<C1.S0*^C1) + 6PCP -l- SHCl -h NOCl -h Cl*. 
•mXTBZACSTAXiBBBTBlS, G"H>*S*. See Tiiialukhyok (p. 1950). 

TBZTBXACBTABZXiZBE, C«II<(Nn)C'‘1PO.S*.C*IP(NH)(Ht»(), is formed, 
together with dithiacotenilide, by the action of sulphur chloride on acetanilide at 100°. 
The two compounds may be separated by means of glacial acetic acid, in which the 
dithio-compound is easily, the trithio-compound only sparingly soluble. The latter 
crystallises from solution in'glacial acetic sicid in nacreous lamiiim melting at 213°- 
214-5°. It dissolves readily in . warm alcohol, and separates therefrom in stellate 
groups of small crystals (E. B. Schmidt, Bcr, xi. 1168). 

* TRZT^ZOCARBOBATB, BUTTBZC,(C'IPS)-(JS. This thio-ethor, formed 
by heating butyl iodide^ with a strong aqueous .solution of potassium trithiocarbonato 
at 100°-130-S is an orange-yellow oily liquid having a faint odour and boiling at 
285°-289°. By alcoholic potassium hydrosulphide at the boiling heat, it is resolved 
into butyl hydrosulphide, potassium sulphide, and potassium carbonate ; by ammonia 
into butyl hydrosulphide and ammonium thiocyanate ('Mylius, Ber, vi. 312). 

TRZTBZOBZC ACZB, See Sulphuu, OxYOKN-Acrns of (p. 1882). 

tbztzczb,C'*h**o>'. a gummy substance, i.someric with cane sugar, occurring 
in the root of couch-grass {Triticum repens). iSco Coucii-okass (pf 574). 

TRZTZCUM. The pericarp, and embryo of common wheat (7V. sativ^i) have 
been analysed by A. II. Church {Arch. Pharm. [3], x. 60) with the following ro.sults : 


Water 

Pericnri) 

. 15-17 

Embryo 
12-53 p. c. 

Fat 

. • 1-31 

4-18. 

Albuminous matter 

. 10-37 

35-70 

Cellulose and lignoso . 

70-51 1 

312 

Stiireh, dextrin, &c. . 

38-71 

Ash 

2-64* 

5-76 


TRZTOBTB-ABSZBB, As(CHI')*. See Tolytjiu.senic Compounds (p. 2031). 

TRZTBXyB-GUABZBZBE (a). C«H*»N* = (CHP)NrrC[NH(G»H')]*. 7W-p- 
tolyl guanidine is formed by heating mouo- 2 >-tolylcarbamide with 2>toluidine and PCI* 
(p. 909). 
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Tn^^idyl^uanidinet or Tnpamdotoly^mnidim^B obtained by heating diortho- 
tolylcarbamide with PCI* and orthotoluidine, or from toe corresponding thiocarbamide 
by heating with o-toluidine alone, or in alcoholic solution with o-toluidino and lead 
oxide. It forms cauliflower-like groups of white needles, melts at a little above 100^, 
is insoluble in water, but soluble in alcohol and li^in. Heated with carbon bi- 
sulphide at 180°, it is resolved into diorthotolylthiocarbamide and orthotolylthio- 
carbimide : 

(C»H»)N=C[NH(C»H»)]* + CS» = CS[NH(C^H»)]* + CS=NjC^H’ 

(E. Girard, Ber, vi. 444). " ’ 

TBITOXinOXBTBTXiBirB-BXiniBT, 

= N(C»H0[CH*.CO.NH(C»H')p. 

See Gltcoixauides (p. 883). 

TBXUBBTi C*H*N^O*, appears to be formed, together with biuret and phosph- 
amido-compounds, V the action of phosphorus trichloride on urea (Weith, Ber. x. 
1743). 

frBZVAXiBBTXiBirBf See Valeuyli<:nr. 

TBdOBBZTB, 3tJ0*,A8*0*+ 12n*0. See Uranic Absbnatks (vii. 1 190). 

TXOPJBOBnrBS. This name is given in commerce to certain yellow and 
orange colouring matters produced by the action of diazosiilpjionic acids on phenols. 
See SuLPHONic Acids (p. 1857) ; further 0. N. Witt (Chem^ Soc. J, xxxv. 179). 

W. V. Miller (Ber. xi. 460).recommends these dye-stuffs as indicators in alkalimetry. 
The one best adapted for the purpose is known in 'commerce as tropacolino 00 ; its 
aqueous solution, when treated with acids, acquires a yellow colour changing to 
crimson, whereas the same coloration is nob produced either by acid carbonates or 
free carbonic acid or solutions of metallic salts. 

TBOPXC JkCXB, C®H»«0* = CU‘^(0U).CH(C®H*).C02H. This acid, one of the 
proximate constituents of atropine (vi. 249), has lately been prepared syntheticklly 
from atropic acid by Ladenburg a. Eiighoimer (Ber. xiii. 373). Atropic acid, C^H^O-', 
treated with hypochlorous acid, is converted into chlorotropic acid, OH"C10* (in. p. 
129°): 

CH2zzC(C«H»).CO*H + HCIO = CH*(On).CCl(C«U“).C02II ; 

and this chlorinated acid, which is very soluble in water, is reduced in alkaline solu- 
tion by zinc-dust and iron-filings to atropic acid : 

CH*(OH).CCl(C«H»).CO*H + IP =: HCl + CH*(OH).CH(C«H*)jCO=JI. * 

TBOPZBTBf C"H**NO. This base, which Kraut obtained, together with atropic 
acid, by the action of baryta-water on atropine, may also be extracted in considerable 
quantity from the residues of the preparation of atropine. It is likewise produced, 
together with a brown resinous Ixidy chilled helladonic ticid, by boiling belladonino 
with alcoholic potash. Tropine, mixed with benzoyl chloridg, yields benzoyl-tropine 
as an oily mass, which after a while solidifies in the crystalline state, and unites with 
acids, forming salts very much like those of atropine. The action of tropine on the 
pupil and on the, contractile apparatus of the heart is much weaker than that of 
benzoyl-tropine or of bc^ladonine (R. Ruchheim, A Jiep. Pharm. xxv. 344). 

TtfOBBBMAXZTB. This triclinic felspa^* from Ramie in Norway, analysed 
with somewhat different results by v. Eobcll and by G. W. Hawes (p. 774), has been 
further examined by Pisani (Compt. rend. Ixxx. 370), whose analysis agree® nearly 
with that of Hawes, especially in assigning to the mineral only a small amount of 
magnesia : 

SiO» A1*0* CaO MgO Na"0 H»0 Sp. gr 

66*37 22-70 1*40 095 9*70 0*70 = 101*82 2*60 

These numbers show that the mineral is an albite, and this result is confirmed by 
the optical investigations of Dos Gloizcaux (Compt. rend. Ixxx. 364). 

TBCBUXXBTCh or UBBCBTZTB, an Abyssinian drug,' consisting of the 
leaves, flowers, and fruit of Ubyeea Schimperi, contains, according to Dragendorff 
(Areh. Pharm. [3], xii. 116) : e. 
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Moisture . • • / . 





6*11 p. c. 

Ash . . . . ‘ . 





9*23 

Sand 





2*81 

Ammonia 





0*93 

Albumin 





0*93 

Other Proteids 





11*74 

Cellulose 





35*19 

VasCglose, Cuticular Substance, dec. . 





2*57 

Fararabin 





2*27 

jPectin-substance . . : . 





2*32 

Mucus soluble in Water 





1*98 

Carbohydrate (not Glucose) 





11*26 

Essential oil 





1*72 

Fat and a small quantity of Chlorophyll 





1*50 

Resin and^ Chlorophyll 





2*05 

Tannic acid 





2*82 

Tartaric, Citric, and Oxalic acids 





3*61 

Oxalic acid combined with lime 




f' 

0*96 


100-00 , 

TUVAa The tufas of the island of Isctna have been analysed by C. W. C. Fuchs 
{Jahrb. f. Min. 1873, 429): 1. Green Rj^ieo tufa; sp. gr. = 2-17. 2. Pumice 
tufa from Monte di Vico. 3. Tra^hiftic tufa : Punta S. Angelo. 4. So-called Marl : 
Kpomeo. 8. Mass resembling lithomargo from the so5*.alled Marl : Casamicciola di 
sopra. 6. Clay (so-ci«lltd) : Creta; a. Entire mass; h. Soluble in acetic acid; the 
acetic acid dissolves oiu 16’ 14 per cent. CaCO*: 



SiO’ 

Al’O’ 

Fe’O’ 

FeO 

AfiiO 

CaO 

MgO 

K’O 

Na’O 

r’O' 

xo 


1. 

64*69 

20*00 

3*13 

2*26 

0*02 

2*17 

0*70 

4*77 

0*28 

0*021 

11*61 = 

99-65 

2. 

64*02 

18*18 

3*64 

2*23 

0*11 

2*01 

0*79 

3-86 

1*71 

0*004 

14*30 = 

100*85 

3. 

63*71 

16*35 

2*82 

2*19 

0*03 

1*38 

0*55 

6*73 

2-53 

— 

14*43 = 

100*72 

4. 

69*88 

17*28 

5*06 

2*30 

trace 

1*69 

0*80 

6*43 

2*97 

0*043 

3*09 = 

100*14 

5. 

68*31 

19*79 

2*86 

2*11 

— 

0*70 

0*81 

6*29 

2*88 



7*24 = 

100*99 

6a. 

^6*28 

12*71 

4*46 

2*14 

— 

11*27 

2*17 

2*58 

0*82 


8*67 « 

91*1() 

66. 

57*20 

15*71 

5*51 

2*64 

— 

1*16 

2*68 

3*19 

101 

— 

10*71 = 

99*81 


(‘) Loss by ignition. 


Tufa accompanying the diorite of the gold-field of Gympo in Queensland (p. 654) 
has been analysed by R. Daintree {Geol. Soc. J. xxviii. 271). It contains little 
or no gold, whereas the diorite is rich in that metul : a. Entire composition ; 6. Solu- 
ble in hydrochloric acid (54'9 p. e.) ; c. Insoluble (45'1 p. c.) : 

• SiO» Al»0» Fe»0> FeO CaO MgO K*0 N:i»C) CO* H*0 

a. 43 160^1-570 3*610 8*520 12*450 1*785 1*310 1*710 3*560 1*600= 99*265 

b. 28*234 23*442 6*575 11*666 16*074 2*022 — — 6*484 2*913= 97-410 

0. 60*753 19*395 — 4*800 7*206 1*873 2*904 3*791 — — =100*722 

The following analyses of tufa-formations in South Tyrol are given by C. Dcelter 
(Jahrb. f. Min. 1873, 569): 

1. Augitic Porphyry from the Sasso di Mezzodi on the Padoa-peak, designated by 
V. Richtenhofen as Eruptive Tufa ; analysed by Epp. 2 and 3. Pietra verde from 
, Monte Frisolet near the village of Andraz in the Ruchenstein Thai. The name 
‘ Pietra verde ’ is given to various tufa-formations ; in the present Aise the chemical 
composition indicates a quartz porphyry tufa : analysed by P.^chridde : 

SiO* A1*0* Fe*0* FoO CaO MgO K*0 Na*0 11*0 P'O' CO’ 

1. 53*17 15*57 8*12 2*42 4*88 4*18 3*58 3*22 3*31 1*21 — = 99*66 

2. 68*95 10*44 1*30 1*82 5*07 1*47 3*96 2*14 0*60 — 3*74 = 99*49 

3. 69*10 10*50 — 3*97 4*62 1*04 7*lS 3*23 

TUirOBTBir. Atomic Weight, 184.— F. Jean (Compt. rend. Ixxxi. 95) prepares 
metallic tungsten by mixing finely pounded wolfram with 3 per cent, potassium car- 
bonate and 20-30 per cent, common salt, heating the mixture to redness for half an 
hour, boiling the cooled and pulverised mass witk hydrochloric acid— whereby pure 
tungsten trioxide itf obtained— and reducing this oxide in a stream of hydrogen. 
F. Filsinge^ (Chem. Ind. 1878, 229) prepares the metal from commercial sodium 
tungstate by adSing 1 pt. of the salt to 2 pts. by weight of common hydrochloric acid 
of sp. gr. 1*18 to 1*19, passing steam into the liquid till it boils ; then adds nitric acid 
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of sp. gr. rSd in quantity equal to 4 or 5 per cent, oi^i the sodium salt ; and continues 
the boiling till the separated tungstic oxide assumes a tok yellow colour. This oxide, 
a^er being thoroughly washed and dried, is ultimately mixed with 10 per cent, finely 
pounded charcoal, and 2 or 3 per cent, powdered rosin, and heated to whiteness for 
several hours in a well-closed crucible. The product, when pulverised and freed from 
charcoal by levigation, yields 80-90 per cent, metallic tungsten. 

On the Estimation of Tungsten in Iron and Steel, see S. Kem {Chem. Ntaes, xxxv. 
67. 247, 270). r 

On the Technical Applications of Tungsten and its Compounds, see J. Philipp 
{Hofnuinn'e EntwkkcUing der Chmiischen Industrie, 746). 

Ohloildes and Oxychlorides. Persoz a. Bloch {Cojnpt. rend, xxviii. 86, 289), 
by heating tungsten trioxide with phosphorus pentachloride at 200°, obtained a pro- 
duct to which they assigned the formula WO*,2PCP, and II. Schiff (JAehig's Annalcn, 
cii. 211) obtained by the same reaction a product which he regarded as a compound of 
POCl* with WO*CR According to N. Toclu, on the other hand (ibid, clxxxvii. 266), 
the sole products of this reaction are phosphorus oxychloride and tungsten hex- 
chloride, WCl*, which is thus obtained in metallically lustrous steel-blue crystels, 
melting at 189°, Sasily soluble in phosphorus oxychloride, retaining their metallic 
lustre undiminished when immersed in water of ordinary temperature even for thirty- 
six hours, and exhibiting in other respects the properties assigned to the compound 
by Hoscoe (vii. 1184). 

Further experiments on the action of POP on WO® have been made by Schiff a. 
Piutti (G'flir-r. cAiw. ix. g77), who find that, under the conditions described by 
Teclu, the hexchloride is the only product obtained, but that under other conditions 
oxychlorides are likewise produced. When the trioxido (prepared from ammonium 
tungstiite) is heiitod in a retort with 1 or 2 mol. PGP, phdbphorus oxychloride distils 
over, together with a small quantity of the higheij chlorides of tungsten, cliicfly the 
hexchloride. The red-brown residue is washed with cold carbon sulphide to remove 
small quantities of hexchloride, and then treated with a larger quantity of warm 
carbon sulphide, which dissolves up the tungsten oxythlorides, leaving a residue of 
unattackod tungsten trioxide and lower chlorides of tungsten. A portion of the oxy- 
chlorides separates in red crysttils on cooling, hut the greater part remains dissolved, 
and is obtained as a crystalline cake on evaporating the carbon sulphide. By careful 
sublimation in a stream of carbon dioxide, the more volatile oxy tetrachloride, WOCP, 
may bo separated from the less volatile yellow dioxydkhloridc, WO’*Cl®. When 
1-2 mol. PGP is employed to 1 mol. WO®, the chief product of the reaction is the oxy- 
tetrachloride, which, when purified by sublimation, is sometimes obtained in splendid 
red noodles melting at 208°-210°. By he.ating with PGP to about 170°, it is con- 
verted into the hexchloride, a small portion of uiiicli is resolved into chlorine and the 
pentachloride. 

A mixture of tungsten oxychlorides is obtained by heating the trioxide to redness 
in a stream of the vapour of carbon tetrachloride, or in a stream of chloride aifii 
carbon dioxide previously passed over red-hot charcoal (G. W. Watts'a. G. A. Bell, 
{Chem. Soc. J. xxxiii. .360). 

Trioxide or Tungstic Oxide, WO®, and Tungstates. On the preparation of 
the pure trioxido from commercial sodium tungstate, see p. 2063. 

The following reactions of soluble tungstates are described by J. W. Mallet 
{Chem. Soc. */". xxviii. 1228): 1. Gontrary the statemcAts in many manuals, the 
precipitate formed by hydrochloric acid in an alkaline tungstate is redissolvcd by an 
excess of strong hydrochloric acid. 2. Such a solution gradually brought in contact 
with small pieefes of ^p’nc exhibits various colours, the most striking of wliich i.s :i 
brilliant magenta-red. 3. On treating the hydrochloric acid solution with potassium 
thiocyanate, and then introducing a piece of zfnc, a deep green colour is produced. 
4. When, on the other hand, the solution of an alkaline tungstate is treated first with 
potassium thiocyanate, then with hydrochloric acid and zinc, a fine amethyst colour is 
produced. 5. The blue colour characteristic of the lower oxides of tungsten is best 
obtained by reduction with hypohdpimrous a/cid, S()®H®. 

According to 0. Maschke {Zeitachr. an-al. Chem. 1877. 427), a strongly alkaline 
solution of s^ium tungstate is reduced and turned blue by organic bodies. 

On the reaction of sodium tungstate with sal-ammonmc, see F. .lean {Compt. rend. 
Ixxviii. 1436 ; Jahresb.f. Chem. 1874, 283). 

Tungsto-sodic Tungstate (gold-bronze) is best prepared by adding tungstic oxide 
to a mixture of tin and acid sodium tungstate, in such quantity that tEe mixture when 
fused in a crucible at a rather strong heat, then pulverised and iFtrodueed into a 
porcelain tube, merely sinters together over a weak charcoal fire, Rodiiclion by 
means of coal-gas then takes place in a few hours. After repeated purification with 
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hot nitric acid to oxidise the yjtcoss of tungsten dioxide, and with soda-ley, the 
preparation forms a powder having in sunlight a splendid gold-yellow colour. The 
corresponding potassium-salt (violet-bronze) requires a higher temperature (II. 
Schnitzler, Dingl.poL J, ccxi. 484). 

Acid Tungstates (J. Lefort, ComjgU rend. Ixxxvii. 748; Ixxxviii. 798; Ann. 
Chim. Phgs. [6], xvii. 470). — The following acid tungstates of potassium and sodium 
are obtained by the action of organic acids on the corresponding normal tungstates. 
Sodiumditungsf^ttCy Na'‘*W''*0’,6Il“(), is obtained in fine long prismatic crystals on adding 
acetic acid to a solution of the normal tungstate till the liquid exhibits an acid reac- 
tion. The'* tritungstate, Na''‘W*0*",4R-0, is easily prepared by pouring a boiling-hot 
solution of the ditungstate into boiling acotic sicid. The liquid, if left in a cold place, 
separates into two layers, the lower of which — heavy, semi-transparent, syrupy, and 
difficult to crystallise — contains the tritungsfcite, while the upper consists chiefly of 
sodium acetate and excess of acotic acid. The iriiungsfate crystallises in elongated 
prisms. A. salt, Na^W-'O'^jllH'-'O, intermediate between tlie two preceding, is obtained 
in oblique prisms on adding a solution of the normal tungstate to acotic acid. Cor- 
responding sa.lts are obtained in like manner ; crystallises in 

nacreous laminae; K'“W*0‘®,2ir‘*0, in small very slender needles; in 

prismatic tablets, easily resolved by boiling water into the di- and tvi -tungstate. The^ 
tritungstato of potassium is especially <listinguishcd by its property of being trans- 
formed into the metatungstato by prolonged boiling with acotic aciil, a character not 
exhibited by the corresponding sodium salt. 

Oxalic ami converts the normal tungstates V)f potassiuni and sodium into ditung- 
state and oxalate, which, in the case of the sodium salts, crystallise togesther and cannot 
be separated, whereas the •poUssium salts are i^asily separated in consequence of the 
relatively sparing solubility of tlie ditungstate. The action of tartaric acid on normal 
alkali-tungstates appears to give rise to uncrystallisfiblo double salts ; citric acid also 
produces double salts, one of which cfy;;t;illistts in tuft^ of oblique prisms. 

The following tritungstates arc obtained by mi .ing the solution of sodium 
tritungstate with an equivalent quantity of a metallic acetate, and leaving the mixture 
at rest for some time. Excepting in the case of the barium, strontium, and lead salts, 
which are but slightly soluble in water, no precipitation takes place at flrsfc, but on 
additioi^of alcohol the salts separate in the form of bulky precipitates which aggregate 
into semi-transparent and semi-solid viscid masses. The tritungstatos are for the most 
part unstable, and easily decornposo, especially in aqueous solution, into insoliiblo 
ditungstates and soluble tetratungstates. They are also decomposed by mineral acids, 
and in the first instance without separation of tungstic acid, the formation of the 
hydrate of tliat acid taking place only after some hours. 

Barium TritungstatCj BaW’O'®, 411-0, or 13a0,3W()*,4H*0, is a white bulky 
amorphous precipitate, soluble in about 300 pts. water at 15° ; it is not decomposed 
by cold water, but is resolved on boiling into insoluble di- and soluble tetratungstate. 
'VhQ^strontium salt^ SrW®()’®, 511-0, separates a.s a white bulky precipitate, which 
coagulates to a folourless viscid mass. The calcium CaW^0‘",t)ir-0, is a white 
semi-solid glutinous precipitate, soluble in cold w’ater. The magmsium salt^ 
MgW*0'®,4H*0, is a white glutinous mass very soluble in water. The manganous 
salty MnW®0*®, is a wax-yellow tninsluccnt pasty mass. The ferrous salty FeW®0'®,4H-0, 
is a reddish precipitate which coagulates to a brown pasty mass, and quickly oxidises 
in moist air. The nickel salty NiW®0'®,4H*0, is a greenish-white mass of the con- 
sistence of honey. The cobalt mlty GoW®0'®,4ll-*(), is a reddish viscid ma.ss. The 
cadmium salty CdW-'’0'®,4H“0, is a white senii-traii spare nt gummy mass; The lead 
salty PbW*0'®,2H*0, is a white pulverulent preeipiuto which does not Hccome viscid. 
Neither a cupric nor a mercurous tritungstate appears to exist. s 

The following tungstates have alsobcfii prepared by Lefort {loc. vU. 748 ; lxxxv4(i. 
798). Alnminiuni Salts. — The normal salty Al*0®,3\V0*,8IP0, is obtained by 
precipitating alum-solution with normal sculium tungstate, as a w'hito bulky precipitate 
soluble in 15C0 pts. water at 15^. An acid mlty A1'-0^4 W’0'‘,9IP0, fornied on mixing 
the concentrated aqueous solutions of alnm and acid aodium tungstate, is a white, 
much denser precipitate, soluble in 400 pts. water at 15°. Another acid salt, 
A1*0*,5W0",6H‘^0, is obtained on mixing alumininm acetate and sodium tritungstate 
in equivalent proportions, as a white precipitate which thickens to the consistence of 
honey. Ferric sa Z<s.— 2FeW,3W0*,6H'“0 is obtained by precipitating ferric.acetate 
with normal sodium tungstate, as a yellow precipitate, soluble in about 300 pts. water 
at 15°. Fo*0*,2AVO®,4Hj‘*0, obtained in like nninner with sodium ditungstato, is a 
brown-yellow procipitatj soluble in about 50 pts. of water. Fo-0^,4WO*,4H*'*0 is 
obtained by precfjpitjjtion with sodium tritungstato as a deep-red pasty mass. Chromic 
salts. — The basic salt, Cr*0*,2W0*.5H“0, is obtained with chromic acetate and normal 
VoL. VIII. 0 R 
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sodium tungstate, as a blue-green powder soluble in 400 pts. water at 15° 
the normal salt, Cr"0®,3W0*,3ir-0, by precipitating chrome-alum with sodium di 
tungstate, as a dingy green powder ; an acid salt, Cr-O®, 4W0*,6H'‘*0, by mixing the 
solutions of chromic acetate and sodium ditungstato, and pouring the mixture into 
strong alcohol ; and another acid salt, Cr‘‘*0*,5W0*,5H^0, with chromic acetate and 
sodium tritungstatn, as a bluish translucent Tiscid mass. Antimony salts. — The 
normal salt appear^ to be formed on mixing a solution of tartar-emetic with normal 
sodium tungstate, as a white precipitate slowly decomposed by washipg with water. 
An acid salt, Sb*0®,6W0®,4ll'-*0, is formed on mixing the solutions of tartar-emetic 
and sodium ditungstate, as a heavy yellowish'^precipitato which dissolved in water 
with moderate facility and without decomposition. Another acid salt, Sb*0®,6 WO®,8 K^O, 
is obtained as a white precipitate on mixing the solutions of tartar-emetic and sodium 
tritungstate. The bismuth salt, Bi‘O®.6W0*,8ir‘*0, obtained in like manner with 
bismuth acetate, is also a white precipitate. Uranic salts, — The basic salt, 
U0®,\V0*,2H"0, is a yellow amorphous sparingly soluble precipitate; the normal 
salt, U0*,3W0®,5H’'0, is a yellow amorphous precipitate (Lefbrt). 

Lanthamim Tungstate, La‘0*,3W0*, obtained on mixii^ sodium tungstate 
with a lanthauu!ii salt, is a colourless gelatinous precipitate which dries up at the 
heat of a water-bath to a thick white crust, soluble in acids. The didymium salt, 
Di‘()®,3W()®, is obtained in like manner jis a gelatinous precipitate, which dries up to 
a transparent rose-coloured mass (Frcrichs a. Smith, Liebig* s Annalen, cxci. 331). 

Native Tungstates, — Wolfram and Scheelite, occurring at Meymac, Depart- 
ment Corrbze, France, hayo been analysed by A. Carnot (Comgt, rend. Ixxix. 637). 
1-3. Wolfram. 8p. gr. = 6*54. 1 and 2. Black shining fragments with brown 

streak. 3. Laminar black, with greyish veins ; streak gfo/; 4 and 6. Scheelite : 


1. 

wo> 

74*75 

FeO 

16*17 

MnO 
6*40 . 

CaO 

0*40 

MgO 

0*17 • 

Tii'O* 

o-osc) 

Gangue 

1*12 

H*0 

_ 

99*96 

2. 

74*26 

16*85 

6*51 

0*80 

0*04 

1-1 O(') 

— 

0*70 

=s 

99*26 

3. 

72*67 

14*70 

3*38 

0*70 

trace 

OS)O(') 

4*00 

1*56 

=3 

97*90 

4. 

74*60 

1*05 

0*30 

18*70 

— 

6*20 

— 


99*76 

6. 

74*20 

1*51 

0*35 

18*84 

— 

040 

4*24 

— 

S3 

99o4 


(*) In spociiiK-'iis the iiroiwrtum f>f ’iVO* rose U) 6 per cent. (“) IVO’. (•■•) 

On the Crystalline Form of Wolfram, see Jeremejow {Jahrb.f, Min. 1873, 421); 
Groth a. Arzruui (Poqg, Ann. cxlix. 236) ; Kreiiner (Jahrb.f. Min. 1876, 648) ; alst) 
Jahresb.f. Chem. 1873, 1184; 1876, 1232. 

On Plat inotung states, see Pj-atinum (p. 1666). 

’ TURMZSRZC. This substance may bo detected in rhubarb and mustard by 
exhausting these latter with absolute alcoliol and mixing the yellow filtrate with 
borax. If turmeric is pre.seiit, the solution acquires a deep red-brown colour, the 
intensity of which is scarcely diminished by addition of hydrochloric acid (Mtisch, 
Jjinyl. pol. J. ccviii. 80). L. Howie (Arch. Pharm. [3], v. 261) placfts the pulverised 
mustard or rhubarb on white paper, and moistens it with a few drops of chloroform. 
This liquid on evaporating leaves the powder surrounded witli a yellow ring of various 
depths of colour ; and on placing thereon a drop of concentr.ited borax sfdution ami a 
drop of hydrochloric acid, the presence of turmeric will bo detected by the production 
in a few seconds of a decided red colour, changing on ad^lition of potash-ley to a black 
or greenish-black. 

TURRBRZTS. The native cerous phosphate called by this name has been 
shown to be identical with moiiazite. Seo Piiosphatks (p. 1599). 

TURITBUBB'S BliUB, Fo®(CN)'®. ^On the occurrence of this pigment in 
commercial Prussian bluc.s, see Fkiiuocyanides (p. 614). 

TURPBnrrzirE. See Tekpknks (p. 1901). 

TVRQirOZSB. H. Bulking (Jahrb.f, Min. 1878, 666) ha.s examined turquoises 
from the Megara Valley, Sinai, Nicabar in Persia, Moses Well in Arabia, Steine in 
Silesia, Oelsnitz in Saxony, and Silver Peak, Columbus pistrict, Nevada. The nature 
of the colouring matter in these turquoises has not been determined with certainty. 
The mass is for the most part homogoneou.s, made up of very small double-refracting 
particles, and when examined by ordinary light, exhibits darker-coloured annular 
portions in some specimens only (especially those from the Megara Valley) ; in 
polarised light, on the other hand, especially in specimens exhibiting incipient decom- 
position, chalcedony-like particles having a concentrically scajy structure may be 
detected most abundantly in the German specimens. The so-called ‘ Persian tur- 
quoise’ lately introduced into commerce, and often regarded as an artificial product, 
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approaches most nearly to the /iierican, and may be recognised as gemiiuo by the 
brown haematite which adheres to it and penetrates the mass ; it is perhaps a 
particularly fresh variety from Nicabiir. Sections of turquoise when hesited turn 
first green, then black, and finally brown, a reaction which indicates copper phosphate 
as the admixed pigment. According to J. J. Pohl {Jahrh.f, Min. 1878, 364 ; Chem. ^ 
Soc. J. xxxvi. 209), genuine turquoises may bo distinguished with certainty from 
imitations by the decrepitation which they exhibit when heated. 

TTROXiEftczlffB. See Paoteids (p. 1682). 

TTOdSlWB, C»H"NO^ probably C«li;(OH).OTP(NH*).OOOH. This compound 
occurs, together with aspeartic acid, glutanic acid, and leucine, in pumpkin-sprouts 
(Schulze a. Barbieri, Ber. xi. 710) ; also in yeast (Schiitzenberger, Cornet, rend. Ixxviii. 
943). It is formed, together with leucine and volatile fatty acids, by the action of 
melting potash on albumin, but is decomposed if the action bo prolonged, with forma- 
tion of phenol (Nencki, J. pr. Chem. [2], xvii. 97). It is also produced in the decom- 
position of albumin and gelatinous substances by pancreatic ferments in closed vessels 
(Jeanneret, ibid-, xv. 353). On its formation from proteids by heating with bai^ta- 
water, see p. 1682. By fusion with sodium hydroxide it is converted into para- 
hydroxybenzoic acid (Ost, J. pr. Chem. [2], xii. 169). By oxidation witW 
potassium permanganate in ammoniacal solution, it is converted into ammonium 
carbamate (Drechsel, ibid. xii. 417). 

Copper-tyrosine^ (C®1I“’N0‘*)-Ca, obtained by adding cupric hydrate to a saturated 
solution of tyrosine, crystallises in shining needles solub],p in 1230 pts. cold and 
240 pts. boiling water (F. Hofmoistcr, Liebig's Annalcn^ clxxxix. 6). 
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VXilMEZC SVBSTAIfCES. On the relation of these bodies to the Azo-compounds, 
see DiAzoxYKENZoic Acid (p. 278). 

On the formation of Ulmic substances from Sugar by the act ion of Acids, see 
Sestini (Gaez. chim. ital. 1880, 121 ; Chem. Soc. J. xxxvi ii. 638). 

On the formation of a black liquid resembling the ulmic compounds by the 
elcctrolj-sis of a 6 per cent, solution of ammonia with a cathode of platinum and an 
anode of gas-carbon, see Mi Hot {Conipt. rend. xc. 611 ; Chem. Soc, J. xxxviii. 482). 

VIjMVS. The flowers of the common elm ( U. camijcstris) have been analysed 
by A. H. Church {Journal of Botany^ March 1876; Arch, Bhdrm. [3], x. 60). The 
female flowers gathered in May gave, after drying, 8' 1 6 per cent, ash and 3*31 nitrogen. 
100 ]^s. of the ash contained : 



^aO 

K’O 

1”0* 

so* 

SiO* 


13-95 

29-27 

11-95 

16’39 

5-57 

100 pts. of the 

1 dry flowers yielded : 




C, II, 0 

N 

K’O 

P*0* 

SO* 

SiO“ CaO, &c. 

88-64 

3-31 

2-39 

0-97 

1-34 

0-40 3-05 


UBTHAMARZlffE. Mamifactvre and Constitution. — From an examination of 
the influence of the relative proportions of silica and alumina on the formation of 
ultramarine, C. Bbttinger {Liebig's Annalcn^ clxxxii. 305) infers that thesi proportions 
may vary within somewhat wide limits without making any esscnti^tl difference in the 
quality of the product, provided that a, certain proportion boiwccu the silica a!W 
sulphur be not exceeded. 

A series of experiments on the influence of varying proportions of soda to sulphur 
led to the con-v lusion that ultramarine may be regardtid as the last term of a series of 
molecular compounds of an aluminium silicate with a todium silicate in which the 
oxygen is more or less replaced by sulphur. The same view is taken by Fiirstenau 
{Lingl. pol. J. ccxix. 269), who also finds that only two aluminium silicates are adapted 
for thd preparation of ultramarine, viz. 4ATO*,9SiO- and ABO*,3SiO*. These, when 
treated with di- or pentasulpliido of sodium, give pigments having the following 
properties: (a) 4Al*0“,9Si0‘* M'ith Na=S* : pure clear blue, but with little colouring 
power ; (A) 4Al‘‘'0*,9Si0'^ ,with Na-’S* : pure dark blue, with great colouring power ; 
both these products are free from alum, (c) Al‘-0®,3SiO* with Na'‘S* forms a light 
reddish somewhat dixgy-coloured product ; and (rf) with Na'-ti’, a product having a 
dark violet^blue colour and great tinctorial power ; both these ultramarines contain 
alum. 
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ms ULTRAMARINE. 

In selecting a kaolin for the preparation of nltit.marine, care must be taken that 
it does not contain any untempered clay or finely divided stony matter, as such clays 
always yield muddy colours. The proportion of silica may be adjusted by addition of 
very finely ground and levigated quartz and ignited siliceous earth {Kiesdguhr). The 
following proportions have been found to give good results: (1) for blue wares: 
4Al-‘0*,9Si0*+ SNa-CO* + 8C + 14S, and (2) for reddish aluminiferous strongly colour- 
ing sorts: Ar“0*,3Si0- + 4Na'-CO* + 8C+ 16S. If in the first of these mixtures the 
sodium carbonate be replaced by sulphate and charcoal (so that the «xygen is given 
off as carbon oxide), light colours with little tinctorial power will bo produced. 

Whether the calcination is performed in rcv*erboratory furnaces or in pots, a single 
burning is not sufficient to produce a perfectly blue ultramarine. For this reason, 
threo'Staged furnaces have come into use, the lowest stiigo being used for the ignition, 
the other two for the blue-burning and drying. A charge of 30 to 36 cwt. requires 
eighty-six hours’ heating before raking out, and ton days for cooling. A reverberatory 
furnace yields about 15 cwt. of blue ultramarine in fourteen days. To obtain a purer 
product in shorter time, Fiirstenau proposes to conduct the process in a pot-furnace 
capiiblo of holding from 64 to 80 kg. of the mixture. This furnace may be raked out 
after eight hours* at the latest, requires two days for cooling, and yields 25 cwt. green 
^iltramarine convertible into 18*57 cwt. blue, the rate of production being 47 cwt. 
blue in fourteen days. The green product is converted into the blue by roasting with 
sulphur in the usual way. 

The relation between blue and green ultramarine has been investigated by J. 
Philipp {Ber. ix. 1109). ,Whcn green ultramarine is heated with water at 100® in 
sealed tubes, it assumes a fine bright blue colour ; its weight, however, remains nearly 
the same— the water taking up only a small quantity oi sodium compounds — and its 
composition is unaltered. Moreover, the sulphur exists'in the same state in blue ultra- 
marine prepared in the wet way as in the ^eeij ultramarine from wdiich it has been 
producetl. The formation of blue ultramarine is therefore in no way dependent upon 
the oxidation of sulphur, but the difference between the two ultramarines is due to 
the presence in the green substance of a small quantity of sodium sulphide, either 
mechanically mixed or chemically combined, on the removal of which the blue colour 
appears. Green ultramarine may indeed bo actually formed by fusing blue ultra- 
marine with sodium sulphate and charcoal. ^ 

Comparative analyses of Blue, Green, and Violet Ultramarine have been published 
by E. Dollfus and F. Goppelsroder {Bull, de Mulhouse^ 1875, Mai; Dingl. pot. J. 
eexx. 337, 431). 



Gr&m 

Blue 

Violet 

Silicon 

17*963 p. c. 

19*160 p. c. 

20*440 p. c. 

Aluminium .... 

17*792 

13*925 

12*735 . 

Sodium as Na*0 

10*487 

10*088 , 

. ll-HO • 

Potassium .... 

0*420 

— 


Sulphur as SO® 

0*292 

0*600 

0*877 

Sulphur as SO'** 

0*213 

0*441 

0*834 

Sulphur as 8**0® 

— 

0*469 

2*636 

Sulphur as Na®S 

3*718 

3*057 

1*165 

Free sulphur .... 

3*491 

"8*977 

6*964 

Sodium as Na® . . 

6*345 

4*395 

1-676 

Oxygen ...... 

40*363 

i 

38*984 

41*748 

• 

m 

1 99-99J 

99-996 ! 

100*086 


The behaviour of those three ultramarines to various reagents is given in the 
following tabla(p. 2070) in which the numbers placed after each colour denote the more 
or less rapid progress of tfie action. 0 denotes no reaction ; 1, slow ; 2, moderately « 
quick ; 3, quick ; 4, very quick. 

A violet ultramarine from the Vienna exhibition has been examined by Lussy 
{Ber. viii. 979), It appeared homogeneous under the microscope, was acted upon by 
acids and by alum solution, but resisted the action of ammonia and sodium carbonate. 
Caustic soda extracted sulphur and silica from it, and changed its colour to blue. 
Previous to quantitative analysis it wsis exhausted with water, which dissolved out 
12*85 per cent, sodium sulphate without altering the colour.* Thu^ purified, it gave : 

SiO» SO* A1*0* Na*0 CaO S (*) S (*) 

47*23 1*88 20*93 19*28 1*97 0*82 9*25 » 100*36 

Expollod B n*S. (*) Determiuod os BaSO* in tha residue. 
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100 pts. of this violet ullram^rine lost by boiling with soda-ley 12*44 per cent, 
silica and 0*62 sulphur, and the lisidual mass exliibited exactly the composition and 
reactions of blue ultramarine. 

According to R. Hoffinann {Chem. Indmtrie, 1878, 304), blue and green (so-calh 5 d 
white) ultranaarine aro^ converted, by the action of acids at high temperatures, or of 
salts which give up their acid at high temperatures, into purple-red or violet colour- 
ing matters, which when further heated with acids, with or without access of air, are'* 
converted into a red. 

G. Scheffei^Rcr. vi. 1450) observes that in the preparation of ultramarine a yellow 
body is sometimes produced, which, ns the operation proceeds, is converted into red, 
violet, and then suddenly into blue ultramarine. The final product having been freed 
by water from sodium sulphate was found to contain 28*83 pts. yellow to 24 50 red, 
and 1 7*95-19*32 ultramarine. The undissolved masses contained : 


SiO* . 




Yellow 
. 49*55 

Bed 

46-35 

Blue 

49*38-60*64 

Na . 




. 8*97 

9*33 

11*90-12*00 

AFO». 




. 22*13 

23*20 

20-95-26-95 

Sa . 




. 13-22 

13*96 

14*<i2-13*46 

S5 . 




. 12*27 

12-16 

12*00-11 


Sa is the total quantity of sulphur ; S5 the amount remaining after decomposition of 
the substance by hydrochloric acid. Free sulphur, removable by extraction with 
carbon sulphide or by roasting, is found only*in the blue. E. Buchner {Ber. vii. 989) 
regards these yellow and red bodies as products of the decomposition of blue ultra- 
marine at high temperaturejs. 

According to Unger v. 989), ultramarine contains nitrogen, and has the 
composition APSiS*0*N‘^, the sodium used in its manufacture being eliminated in the 
course of the reaction as sulphide ’aud siilpluitc. Tho nitrogen is supposed to be 
derived partly from tho air, partly from tho sal-aia nonnic with which the green 
ultmmarino is sometimes heated to convert it into tho blue. On the other hand, 
W. Morgan {Ber. vi. 24 ; Chem. A>ws, xxvii. 39) and E. Biichner {Bcr, vii. 989) were 
unable to separate nitrogen from ultramarine in wcighablo quantities, either by liuat- 
ing whh acid sodium sulphate in a stream of carbon dioxide, or by fusion with ignited 
phospnorus' salt, or by ignition with soda- lime. 

Buchner finds, by experiments in which sodium aluminate was ignited with 
sulphur and charcoal, with or without silica, that silica is essential to the production 
of ultramarine. The greater the proportion of silica in the mixture, the smaller is 
the quantity of sodium sulphate that can be extracted from the product. Biichner is 
therefore of opinion that the sulphur in ultramarine stands to tho silica in closer 
relation than to the alumina or the soda. Mixtures of clay and sodium carbonate, 
heated in a stream of hydrogen sulphide or vapour of carbon sulphide, became green 
aiid afterwards blue when heated in a current of air. Finely pulverised natrolite, 
ignited in vapour of carbon sulphide, became bbick, but on subsequent heating in 
sulphurous oxide gas it became blue. 

On the theory of the formation of Ultramarine, see R. Hoffmann {Liebig's Aiimlen, 
cxciv. 1-22 ; Chem. Soc. J. xxxvi. 108-113). 

Crystalline Structure of Ultramarine. — R. Hoffinann first observed that ultra- 
marine possesses a crystalline structure {Notizen fur die Jury der Weltausstcllung in 
Wien, 1873). This was attributed by Buchner to tho presence of crystalline quartz- 
sand. Grunzwoig a. Hoffmann, however.(7>r. ix. 864), have confirmed - the existence 
of a crystalline structure in the ultramarine itself, and IT. Vogelsang ^Spiind a prepara- 
tion received from those chemists to consist for tho most part of single-refracting 
crystals belonging to the regular system. Hoffmann {Ber ix. 868) further obiijrves 
that these crystals, which have a green colour, are converted by calcination with 
sulphur into blue ultramarine without altera -iion of form. 

Silver-ultramarine. — K. Heumann {Bcr. x. 991 ; JAcbig’s Annalen, cci. 262-291), 
by acting on ultramarine with solution of silver nitrate, has obtained a yellow 
amorphous body consisting of a silver-ultramarine, in which one-third of the silver is 
present as sulphide, and two-thirds as aluminium-silver silicate. According to .1. 
Fhilipp {ibid. 1227), silver nitnite acts Inith on tho ultramarine itself and on tho 
silicates with which it is mixed, producing a mixture of silver idtramarine with 
several argentiferous silicates. A dilute solution of zinc sulphate acts only on 
tho admixed silicates, but a concentrated solution having a higher boiling temperature 
acts both on l^iese and on a small portion of the ultramarine itself. 

Heumann has* obtained potassium, sodium, and lithium ultramarines by fusing 
silver ultramarine with tho iodides of the corresponding metals. The lithium- 
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UMBBLLI^BRONB— TJNDECOLIC ACID. 2071 

componod has a fine blue c(iour,|Changing to green and afterwards to pink, when the 
c6mpouDd is heated with sulphu# in a curront of air. By heating the blue lithium 
ultramarine in a current of hydrochloric acid and air, a red compound is formed, 
which becomes blue on exposure to sulphur vapour or hydrogen. 

By long-continued digestion with an ammoniacal solution of silver chloride, blue 
sodium ultramarine is converted into a yellow compound, in which tw’O-thirds of the 
sodium in the ultramarine have been replaced by silver. On exposure to hydrochloric 
acid gas, this nroduct turns blue. 

By the actfon of silver nitrate on green ultramarine at 120°, a yellow compound is 
obtained,# which bears a strong resomjilance to the silver ultramarine above described, 
but differs from it in yielding a green product on fusion with potassium iodide. 

Ultramarines containing alcokol-radides are formed by heating silver- ultramarine 
with alkyl iodides. The ethyl-compound is obtained — though not pure — by heating 
silver-ultramarine with excess of ethyl iodide in a sealed tube at 180° for fifty to 
sixty hours. It is a light grey or greyish-yellow powder, which when heated gives 
off’ ethyl sulphide, together with other products of decomposition, including sulphur 
djoxide. When, on the other hand, the ethyl-ultramarine is intimately mixed with 
sodium chloride and very cautiously heated, scarcely any ethyl sulphide is given off*, 
but the mixture, previously grey, turns blue, reproducing ordinary ultramarine. 
Under these circumstances, ethyl chloride is also given off’, the reaction being exact.W 
analogous to the formation of silver chloride when silver-ultramarine is heated with 
sodium chloride. Similar ultramarines are formed by the action of amyl, allyl, and 
benzyl iodides ; but the two former have imt been obtiiined free from silver (Uo 
Forcrand, BuU. 8oc. Chim, [2], xxxi. 161). 


UMBEXiKZFSROkB^ or Hydroxycoumann, C»H«03»C‘‘HXOIl 



This compound is found amongst fne products of t he dry distillation of the resin of 
larch-fungus (p, 1165). Its acctylAlorivative, or an isomerido 

thereof, is formed by heating resorcyl aldehyde with sodium acetate and acetic 
anhydride (p. 1762). 


vnrDBCiiXI'E, This paraffin is formed, together with several of its 

homohigues, lower and higher, by the action of strong sulphuric acid on the products 
of distillation of the fatty acids (Cahours a.Demar 9 ay). See IlYDUocATtnoNS (p. 1064) ; 
also by fractional distillation of the proiluct obtained by the action of fuming sulphuriis 
acid on that portion of the spongy mass remaining after the preparation of cenanthal 
from castor-oil, which boils below 200°. Undecano obtained by this latter process 
boils between 180° and 185° (D. Amato, Gasz, chim, ital. 1872, 6). 


xraTDBCOIC ACIB, C".1P*0‘ = C*®1U‘.C0*U. Undecylic flc'it/.— -This acid, the 
eleventh member of the fatty series, is produced by healing undecylenic acid at 200°- 
220° with hydriodic acid and amorphous phosphorus, and may bo purified by treating 
the cru^PTpWNluct with sulphurous acid, then with sodium in alkaline solution ; dis- 
tilling the separated acid under reduced pressure ; dissolving the portion which <listils 
at 227°-230° (about 70 per cent.), in alcoholic ammonia; adding an alcoholic solution 
of lead acetate (which precipitates from 70-80 per cent, of the entire quantity), then 
adding water, and decomposing the precipitate with nitric acid. 

Undecoic acid thus prepared is a colourless scaly mass, transparent immediately 
after solidification, but quickly exfoliating. It melts at 28-6°, and boils under 160 
mm. pressure at 228°. It is insoluble in water, but dissolves very eiisily-in alcohol and 
in other. It does not exhibit the indifferent properties of palmitic .acic]^ but on the con- 
trary is somewhat strongly corrosive, and has at ordinary teyiperaturcs a not un- 
pleasant odour, recalling that of caproic acid. Bromine acts very slowly on and 
only with the aid of heat. 

UWDBCOUC ACZB, (F. KraffV, Ber, xi. 1414). The potassium salt 

of this acid is obtained by heating dibromundecylenic acid {infra) with 2 mol. alcoholic 
potash in sealed tubes at 180° for three hours ; and bn decomposing this salt with a 
mineral acid, undecolic acid separates as a white crystalline precipitate. It melts at 
59*6°, may be distilled without change under reduced pressure, dissolves readily in 
ether, alcohol, and carbon sulphide, very sparingly in water, from which, as well as 
from dilute alcohol, it crystallises on cooling in thin shining plates. It forms well- 
defined salts, mostly crystal lisable and sparingly soluble. The barium salf^ 
(C‘*H*’0‘*)‘^Ba. forms "Varty crusts, ’soluble in 212 pts. water at 15'6°. By fusion with 
potash, undecdic^cid is converted into a liquid fatty acid (probably cenanthylic acid) 
boiling at 220°-222°; hy fuming nitric add into azelaicacid, which may 

in this way bo most conveniently prepared. 



2072 UNDECriiBNIO ACID— URAMID6BENZ0I0 ACID. 

mcrBBCmnno ACIB, This aad, ivliich belongs to |he ttoijlio 

Berios, \7as discovered by Kraift, who obtained it, ti^ether with oeoantbf^ldBhyde, by 
distilling castor-oil under reduced pressure (p. 1759). It is solid at ^ijiary tempera- 
tures, melts at 24*5^, and boils at 295^ with sliglit decomposition under Quinary 
pressure, at 200° without decomposition under reduced pressure. Its barium salt 
crystallises in shining flat needles or plates, sparingly soluble in water, dissolving in 
1073 pts. at 15°. When dissolved in carbon sulphide, it readily takes up 
forming an addition-product, G^'Ji'-^Br-O*, which remains, after evaporation of the 
solvent, as an unstable crystalline mass, melting at 38°. By fusion with potiuk^ 
undecyleiiic acid is converted into acetic ac^id and nonoic acid, ; by 

careful heating with nitric acid into sebacic acid (F. Becker, Ber. xi. 1412). 

UXTOXTA. The ethereal oil of Um}ta odaratmiim, known as a perfume by the 
name of Ylang-Ylang^ has been examined by H. Gal {Fharm. J. Trans, [3], iv. 28), 
It has a density of 0‘98 at 0*15°; boils between 160° and 300°; is optically Isevo- 
gyrate ; dissolves completely in ether, partially only in alcohol. From its chemical 
reactions it appears to be a mixture of benzoic ethers with several alcohols. 

UBAUTB.* £. Svedmark {Jahrh.f. Min, 1877, 99) has examined the uralito 
from the uralite-porphyries of Vaksala near Upsala, from the Ural, from Frodazzo, 
and from Wales, and fluds that it is a hornblende produced by metamorphosis of 
augite. 

UBAUITM. A metaj of the platinum group obtained, acconling to A. Guyard 
{Monit, sciaUif. 1879, [3], ix. 795), from commercial platinum. In its physical 
properties it differs but little from pure platinum. •If is the whitest of all 
metals except silver, as extensible as platinum, and*' much more flexible ; melts 
only at very high temperatures, but probably somewhat lower than pure platinum. 
iSp. gr. =20*25 at 15°. Atomic* weight 187*25— 187’50. It resembles platinum also 
in its chemical reactions. The double chloride of lithium and uralium is somewhat 
loss soluble in absolute alcohol than that of pota.ssium and platinum. Uralium is 
distinguished from platinum chiefly by its behaviour towards potassium cyanide. 
When platinous chloride [from commercial platinum] and potassium cyanide are fused 
together, reduced platinum is obtained, together with a reddish-yellow mel!t, the 
colour of which is due to uralium cyanide. If the platinum thus reduced be recon- 
verted into chloride and fused with potassium cyanide, the molt becomes continually 
lighter in colour the ofteiier the proce.ss is repeated ; whereas, if tho metals be again 
separated from the coloured melt, then reconverted into chlorides and fused with 
potassium cyanide, the medt becomes continually darker in colour, in consequence of 
tho uralium accumulating therein. By repeating this process several times, Guyard 
obtained from 2 kg, platinum about 2 g. nearly pure uralium, 

VB&MXBOBEirzozc ACZB, meta- 

modificiXtion of this acid distilled with a fourth of its weight of phosphoric anhydride, 
yields a considerable quantity of mebicyananiline (m. p. 54°), Para -uramidobenzoic 
acid treated in like manner yields small quantities of paracyananiline melting at 86° 
(Gricss, Ber, viii. 224). 

t 

Ortbo-uramidobenzolc or tJramldOBalicyllo Acid, [COOH : NH.GO.NIF 
= 1:2] (Grioss, Ber, xi. 1729). This acid, like the ^jara-modification (uramido- 
dracylic acid, \ti. 166), yields, when treated with nitric acid, only one dinitro- 
uramidobenzoica*cid, which closely resembles its isomeride obtained from meta- 
uramiJobenzoic acid (vii. 167). By boiling with water tins dinitro-acid is converted 
into €-nitraniidobonzoic acid, identical with that already described (p. 1462) as 
obtained by the action of alcoholic ammonia on diethylic o-nitrosiilicylato. Tho 
e-hydroxynitrobenzoic acid obtained by boiling this nitroamido-acid with 
potash-ley is likewise identical -^ith ordinary or o-nitrosalicylic acid melting at 228°. 
By reduction with tin and liydrochloric acid, the e-acid is converted into a-diamido- 
bonzoic acid, [00*H .* NH'** : : 2 : 5] (p. 273), analogous to y)-phenylene- 

di amine, and derived from o-amidobenzoic acid. Hence tho compounds above men- 
tioned may be represented by the following formulic : 


• 12 6 

o-Nitrosalicylic or e-Hydroxynitrobonzoie acid . . CO*H : QP : NO* 

a-Nitramidobenzoic acid (Kruse) = e-Nitroamidobenzoic • 

acid(Griess) GO*H ; NH* ; NO* 
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JThe whole of -the nitroamidj-acids obtained by Griess from the uramidobenzoic 
•J-- .. .1 . *ig formulae: 



t 

NO* 

CO*H 

A 

CO*H 

CO*H 

/\ 

CO*H 

f >Nir* 

a 


' 

f 


1 c 


““•V 

•* 


V vNII" 

NO* 


Nil* 




miAMZDOCAPltOZC ACZD, C»H*<N‘Os = NiI-.CO.NlI.UH>‘‘.COOH. This 
acid appears to be identical in composition with a compound, ciystallising in needles, 
which is obtained by fusing leucine with urcji (h\ Hofmeister, Jkr. vi. 1278). 

nMKZBOZSETBZOirZC ACZB, = NmCO.NH.C’‘H^SO’>H. 

Syn. with Taubocarbamic acid (p. 1892). 


UAAMZBOZSOBVTYltZC or ACZITOB'TBURAMZC ACZB, 

Nfl*.G0.NH.C(CH*)2.C001I. See Acetonyl-tjbba (vii. 18). 

VBAJrzVM. Atomw Weight, — J. Donath ( Wwn, Acad. Tidt [2 Abth.], Ixxix. 
April-heft) has determined the specific heat of uranoso-uranic oxide by means. of 
Bunsen’s ice-calorimeter (yii. 595), and finds it to be equal to 0-07979. Hence, as- 
suming the specific heat of oxygon in soiid compounds to bo 0*25, that of metallic 
uranium must be 0*0421, a value which, wh^n multiplied by the old atomic w’oight of 
uranium, 120, gives for the atomic heat the value 5 04^ agreeing with the average 
atomic heat of the metals t^) much more nearly than tlio number 10 08 obtained with 
MendelejofTs value (240) of^tlie atomic wi‘ighL of uranium. As, however, the matter 
cannot be regarded as quite decided, and tli(*ro arc many consiilcratioiis which favour 
the adoption of the higlier atorric. weight, the uranium compounds about to be 
described will bo represented by furmuhe in accordef'ce w'ith it (compare vii. 1189). 

The presence of Uranium in the sun has been ilomonstratod by Loi-kyer (/Voc. 
Hoy. Soc. xxvii. 279). 

On the Fluorescence, Phosphorcsconco, and Absorption-spectra of Uranium-com- 
pounds, see Light (p. 1195). 

a' process for the preparation of pure uranium-compounds, with especial attention 
to the separation of Vanadium, is described by C. Bolton (Amer. Chem. v. 363). 

A method of separating uranium from the residues obtained in the titration of 
phosphoric acid (p. 1581) depending on the solubility of uranic phosphate in ammo- 
nium carbonate, and the complete precipitation of the phosphoric acid from the result- 
ing solution by magnesia-mixture, is described by A. Gawalovski {ZeU.9i(:hr. anal. 
Chem. 1876, 292 ; Chern. Soc. J. 31, 345). Another method is given by H. Strohmer 
{DingLpol. J, ccxxv. 56; Chem. Soc. J. xxxiv. 115). 

• ^paration of Uranium from Iron and Chromium. — A. Ditte {Compt. rend. Ixxxv. 
281) separation for quantitjitive analysis by precipitating the oxides with 

ammonia ; igniting the dried precipitate in a stream of hyilrogou ; weighing the 
residue and igniting it in a stream of hydrogen chloridci to distil off the iron as ferrous 
chloride *, extracting the uranous oxide (UO-) from the weighed residue by nitric 
acid; and finally igniting the uiidissolvod portion, and weighing it as chromic oxide. 

The method of igniting tlie precipitated oxides in liydrogen, and distilling off the 
iron as chloride in a stroaXi of hydrogen chloride, may of course bo employed also for 
the separation of uranium from iron alone. 

On the separation of Uranium from Chromium, sco also Ciiuohium (p. 457). 

A Chemico-teclmological report on Uranium-compounds is given^by A. Patera in 
Hofmann’s Entwickelung der chemischm Industrie, p. 986. 

OxiDKS AND Salts ov UiiAi^iuai. — 1. Bloxlde or Vranous oxide* UO*. 
A hydrate of this oxide is obbiined by the action of hydrogen dioxide on uranium 
nitrate, as a yellowish-white precipitate, wliicli, when dried at 100°, has the compo- 
sition UO*,H*0 (T. Fairley, Chem. Soc. J. xxxii. 319^ When uranous oxide is added 
to a solution of silver nitrate, a precipitate of metallic silver is formed, tlie reaction, 
according to Isambcrt {Compt. rend. Ixxx. 1087), taking place by two stages, an 
argeiitous and a uranous salt being formed in the first instance, and the argentous 
oxide being afterwards reduced, with formation of a uranyl salt, the green colour of 
the liquid changing at the same time to yellow : 

UO* + 4AgNO* =* 2Ag*0 -h U(NO»)<; 

JJ(NO*J* + 2Ag*0 2AgNO* + Ag» + (UO*)(NO«)*. 

The oxide Ur®0® also throws down metallic silver from a solution of the nitrate, 
though very slowly. 
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mranlo Oxide and Ujranyl^oompounde (K. ^ndtner, LUhi^s Annalen, 
cxcv. 325). T i- 

Uranyl Selenates are obtained by dissolving uranoso-uranic oxide in dilute 
selenic acid, and evaporating the solution on the watoivbath. The strongly acid con- 
centrated liquid deposits, after some time, light yellow, tough, very deliquescent 
masses, having a wavellitic structure, and agreeing approximately in composition 
with the formula (UO'**)SoO^,H-SeO^+ 18H-0. At the same time there is formed 
another salt, 2(UO-)SeO\H‘SO* + 12H-0, which is more p. rmanent in the air, and 
crystallises more readily in greenish-yellow needles, which are difficult to dry, and 
easily effloresce. A saturated solution of uranici'hydroxide in selenic iicid dries up in 
the exsiccator to a varnish-like mass. 

Uranyl-potaasinm Svhnafet (UO-)iSeO',K“SaO* + 2H-0, is obtained by mixing a 
solution of uranic oxide in selenic acid containing the smallest possible quantity of 
free acid, with potiissium sclonate, and evaporating to the crystallising point, or better 
by adding potassium uranate to warm selenic Jicid as long as it. continues to dissolve. 
The double salt crystallises from aqueous solution in granular crusts. Uranyl- 
(UO‘-)SoO',(NH^)‘SoO*+ 2H‘‘0, prepared in like manner, is very 

soluble in water. 

Selenites , — Uranyl-hydrogen Sdenite^ (UO*)SeO*,IPSeO*, noticed by Berzelius 
(v*. 229), may be prepared by adding uranic hydroxide to boiling solenious acid, 
whereupon a violent reaction takes place, and the hydroxide is converted into a lemon- 
yellow crystalline powder. The same comimimd is more abundantly produced by 
mixing uranyl efiloride with solenious aclU, and heating the mixture to boiling, w'here- 
upon it deposits a large qualitity of the acid salt in yellow microscopic crystals. 

Uranyl-potassium Selenite, (U02)Se0^K-8c0®, is obtaioid* in greyish-yellow crys- 
talline crusts insoluble in water, on saturating warm setonious acid with potassium 
uranate. The ammonium salt, (UO-)ScO*,(NH*,V-.ScO*, prepared in like manner, 
forms microscopic crystals of a deeper yellow colour and likewise insoluble in water. 


Uranyl Bromide, UOT»r- + 7H-0, is obtained, as already described (v. 942), by 
dissolving uranic hydroxide in strong hydrobromic acid, as a yellowish-brown mass 
which deliquesces on oxpo.suro to the air, and unites very readily with other metallic 
bromides, forming double salts which are most easily obtained by dissolving the cor- 
responding uranates in hydrobromic acid. The salt, UO*Br‘^,2KBr-M7H-(), 

crystallises in yellow-brown rhombic plates, which dissolve' very readily in water but 
are decomposed thereby. The ammonium UO-Br%2NIi'Br+ H-0, forms large 
rhombic plates, somewhat less stable than the {xjtassium salt, but very much like it 
in other respects (Sendtner). 

Uranic hydroxide, dissolves in hydriodic acid, forming a dark-brown liquid, 
solidifying in the exsiccator to a brown-black mass which gives up free iodine, and 
after the removal of this body, yields notliing but the uranium iodide described by 
Riimmelsbcrg (v. 945). ^ 


Tetroxlde, UO^ (T. Fairley, 6V-IC7/1. Soc. J. 1877, xxxi. 127). 'V\5t:.-:iydrogen 
dioxide is added to a solution of uranyl nitrate or acetate, a yellowish-white precipi- 
tate is formed, wdiich in presence of an excess of the uranyl salt is very stable, and 
may be dried without deposition even at 100®. The precipitation is prevented by the 
presence of salts of the alkali-mctahs, or of barium or calcium salts, us well as by a 
moderate excess of a strong mineral acid, especially sulphuric acid. The dried pro- 
cipitiite is a yellowish-white powder, dissolving in strong hydrochloric acid, with 
evolution of chlorine. When heated to a temperature somewhat holow redness, it 
burns away with a glimmering liglit, giving off oxygen and leaving green uranic 
oxide. On treating ij; with alkalis, part of it is precipitated as uranic oxide, while 
anotlyr portion dissolves in combination with the alkali, forming a saltof peruranic 
acid, an acid analogous in composition to perclJtomic acid (i. 953). The composition 
of the air-dried compound is Ur0\6ir-0 ; that of the compound dried at 100® is 
UO^,2H*0. The mode of decomposition of this compound by alkalis, however, tends to 
show that its molecular weight three times as great as that which is denoted by 
the latter formula, and that it must be regarded as a uranic salt of peruranic acid, 
UO®,2UO*-i- 6H-0. The anhydrous tetroxido appears to bo formed when the hydrogen 
dioxide is added to a large excess of uranic nitrate solution. In this case no precipi- 
tate is formed at first, and it is only after some weeks that a heavy white crystalline 
precipitate is deposited, having the empirical composition UO*. Higher oxides have 
not been obtained in the free sUito, but free peruranic acid, UO‘',d:H-0, appears to 
exist in the precipitates which are formed by the slow decomposition o^its salts. 

Ammmium Beruranate, UO®,UO*,(NH^)*0 + 8H*0 or 2U0®,(NH®J®0*-l-8H*0, is 
thrown down on addition of alcohol to a solution of uranic nitrate mixed with hydro- 
gen dioxide and excess of ammonia, as an orange-yellow precipitate easily soluble in 
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water and less alterable injfcontact with the air tlian the corresponding sodium or 
Jiotassium salt. When alkaline) hydroxides are added to a solution of this ammonium 
salt, uranic hydroxide is precipitated and poniranates are dissolved. Its solution 
gives precipitates with most metallic salts. The salt when heated smoulders away 
like tinder, and leaves a residue consisting of lower oxides of uranium. 

Sodium Peruranatet U0®,2Na*0 + 8H*0 or U0\Na'*0^ + is readily obtained 
by dissolving ordinary uranic hydroxide or the hydrate of the above-mentioned 
tetroxide in fjoda-ley, with addition of hydrogen dioxide. If the solutions are suffi- 
ciently concentrated, the sodium salt separates after a few seconds in yellow needles 
often un'hed in stellate groups ; if are dilute, the separation may be effected by 
addition of a little alcohol. The crystals have a golden lustre when freshly prepared, 
but effioresce on exposure to the air, taking up carbon dioxide, and giving off oxygen. 
The salt forms precipitates with most metallic salts. When heated alone it gives off 
three-fourths of its water and 8 at. oxygen ; when heated in a stream of carbon 
dioxide it gives off all its water. Red sodium peruranate.JJO^.HO^^dcO^^TL-O or 
2U0^Na^0'‘* + 6H“0,.is formed when the minimum quantity of caustic soda is used, 
and separates on addition of alcohol, before the former salt, in the form of a deep-rod 
oil, which slowly becomes crystalline. 

Potassium Peruranate^ U0®,2K‘0 + lOH^O or UO‘,K^O*+ lOlt'^O, prepared like the 
corresponding sodium salt, is a yellow-red or orange-rod precipitate ; it is even mSre 
unstable than the sodium salt, and rapidly absorbs carbonic acid from the air 
(Fairley). 

VRA»rOBPB.SRXTlS, Bi^0^U0^4- H’^O, and URAROSPXirZTB 

Ca0,2U0*,As*0* + 8H‘‘‘0. See Uiunic Aksbnates (vii. 1190). 

VRBAB. See CAituAMyDES (pp. 388-401). 

URRCHZTZS. The leaves of JJrechitis sidierecla^ a poisonous plant growing in 
Jamaica, sometimes in clumps, but* more frequently a creeper, yield three active 
principles, wliicli have been examined by .1. JBowrey ( Chem, Soc. J. xxxiii. 252), and 
are named by him Urechitin, Crystallised Urechitoxin, and Arnorphous Urechitoxin ; 
neither of them contains nitrogen. 

Urechitin, obt4iincd from the air-dried leaves by extraction with 

ahfolW, crystallises in colourless hydrated needles, nearly insoluble in water and 
dilute alcohol, more readily soluble in ether, hot alcohol, amyl alcohol, chloroform, 
and glacial acetic acid. I3y strong acids it is decomposed like a glucoside. Strong 
sulphuric acid dis.solvo.s it, forming a yellow liquid, which gradually turns red and 
finally purple, the change of colour being accelerated by the addition of a trace of any 
oxi(li.sing siibstniice. Urechitin is intensely bitter (even to the 40,000th degree of 
dilution) and very poisonous. 

Crystalline urechitoxin, extracted from the leaves after drying at 

100°, is more readily soluble than urechitin. It is bitter, poisonous, easily alterable, 
aim is revived by acids into urochitoxetiii, and a substance which reduces cupric 
oxide. Amorphous urechitoxin resembles the crystallised modification, but has 
not yet been obtained pure. 

The leaves of Urechitis are intensely bitter and A^ery acid, and produce on the lips 
and tongue a sensiition of being swollen and blistered ; their powder applied to the 
no.'^tril.s produces violent sneezing. These active properties are possessed by all the 
green pirts of the plant, a'ld by the flowers, but exist xerj slightly, if at all, in the 
woody portions. The poisonous action is due to the presence of urechitin, the decom- 
position of which gives rise to urechitoxin. 

URBTBAXTEB. See Cabbamates, Alcoholic (p. 384). ^ * 

VRZe ACZD, Formey ion from Ammonia in the Animal Orgmism, 

From experiments by W. Schroder {Zeitschr. physiol. Chem. ii. 228) it appears that 
arnmoniu, w’hen introduced by the mouth ini.o the bodies of poultry, in combination 
with carbohic acid, or with any organic acid that is easily oxidised in the circulation 
to carbonic acid and water, is for the most jiart converted into uric acid. 

Oxidation. — 1. When iodine is added to uric acid suspended in water, the uric 
acid disappears gradually, or more quuJtly on application of heat, and alloxan is 
found amongst the products, together with hydriodic acid and apparently also urea 
(F. Wurtz, Compt. rend. Ixxvii, 1548). 2. When bromine is dropped into water in 
which uric acid is suspended, the latter is oxidised to isoalloxanic acid, G*H*N*0* 
(Magnier de la Source) p. 1127). 3. Uric acid, exposed in alkaline solution to the 
action of aimofpheric oxygent is converted into oxonic acid, G‘H®N*0< (Strecker, 
p. 1458). 4. Uric acid, treated in alkaline solution with the exact quantity of 
potassium permanganate required for its oxidation, yields allantoi'n in nearly 
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theoretical quantity. When the action takes place in thi cold, 1 mol. pormanganaU 
oxidises 3 mol. uric acid, or 1 mol. uric acid takes U| 3 at. oxygen. To ensure tKe 
quantitative fulfilment of the reaction, all rise of temperature must be avoided, and as 
soon as the colour of the permanganate has disappetirod, the liquid must be filtered 
from the deposited manganese dioxide and supersaturated with acetic acid. The 
colourless liquid free from manganese, if left to itself in the cold for twenty-four 
hours, deposits the allantoin produced by the reaction (A. Claus, Ber, vii. 226). 
5. Sy the action of ammonium cuprate in presence of potash, uric acid is resolved into 
urea and oxalic acid (0. Loow, J. pr, Cfiem. [2], xviii. 298). ^ 

The relation between uric acid and certain o^its oxidation-products, which by their 
decomposition yield glyoxalyl-uroa, may bo represented according to L. Medicus 
{Ber. X. 541) by the following formulae 

NH— G-CO~NH 
ii— NH— CO 

Uric acid. 



AJlantom 


C(OH)— COOH NH® ^ 

^ \nH— I xOH)— NH (io \NH— i(OH)— ilH 


NH— C(OH)— CO 


Uroxanic acid. 


Oxonic add. 


Estimation. — To estimate uric add in urine, E. Salkowsky (Zeitschr, anal, 
Chem, 1877, 371) mixes 200 c.c. of the *111100 with an alkaline carbonate to strong 
alkaline reaction ; adds afte^ an hour 20 c.c. of strong sal ammoniac solution ; and 
leaves the liquid to itself for forty-eight hours in a cool plmm.* 'fhe precipitate having 
been washed two or throe times on a weighed filter, thit filter is filled with dilute 
hydrochloric acid ; the liquid which runs through is collected, this treatment being 
repeated till the ammonium ur}^.o is completely converted into uric acid ; and the 
filtrate is left to itself for six hours The uric acid thus separated is added to the 
portion first precipitated, and the whole is twice washed with water, then with alcohol 
till the filtrate appears neutral, and dried at 110°. To the weight thus obtained it is 
necessary to add 0 030 (the weight of uric acid dissolved in 200 c.c. water). Thin 
urines must be evaporated down till they exhibit a specific gravity of roi7-l;02O. 

On the Estimation of Uric acid in Urine, see als(j R. Maly {Liebig's AnnaUn, clxv. 
315; Jahresb.f. Chem. 1873, 980; and Magnier do la Source, Bull. Soc. Chim. [2], 
xxi. 290 ; Jahresh. 1874, 1052). 

Metbylurlc Aoldf C*1U(CH*)N<0*, is obtained by heating dry lead urate to 
150°-16U° with methyl iodide diluted with ether, and treating the product with 
hydrogen sulphide to remove lead. The hot filtrate, on cooling, deposits crystiils of 
methyluric acid, which are purified by dissolving them in hot soda-ley, precipitating 
with hydrochloric acid, and rccrystallising from boiling water. It forms thin prisms, 
fusible with docom[)osition at a high temperature, soluble in 250 pts. o^boiU^g wafer, 
nearly insoluble in alcohol and ether. The aqueous solution reddens Titmirs. The 
ether dissolves in cold strong sulphuric acid, and is deposited in crystals when tlie 
solution is diluted. It dissolves etisily in alkalis ; alcohol throws down from the solu- 
tions dense precipitates of the alkali-salts, aqueous solutions of which precipitate 
many salts of the metals. 

Alcohol added to a solution of the acid in pottwh throws down the salt 
K*C*H(CH*)N^O* + 3H-0, and the corresponding sodium salt is obtained in like manner. 
A solution of the acid in hot baryta- water deposits on cooling tufts of delicate needles 
of the barium*8alt, BaC*lI(CH*)N^O* + 3^1TO, and a similar salt is formed with 
calcium hydrate. The following salts are formed by boiling the acid with the 
respective carbonates and precipitating the rcsiilting solutions with alcohol : — 

KC*H*(CH»)N^O»,H‘^0 ; Ca[C^H'^CH>)N^O=‘]S31UO ; Ba[C‘^H*(CH»)N^O^*,4H-^0. 

A solution of tlio mono-barium salt mixed with sodium sulphate gives, on* addition of 
alcohol, a precipitate of the salt, NaC'H'''(CH*)N^O*,H'‘*0. Moderately strong solu- 
tions of the alkali salts gelatinise on cooling. 

Methyluric acid in alkaline solution, when oxidised with a dilute solution of 
potassium permanganate, yields methyl allantoin, C*H‘‘(CH*)N^O*, which substance 
crystallises in monocliuic prisms resembling allantoin, and melts with decomposition 
at 225°. A silver compound, AgC*II*(CH*)N<0*, is formed on adding silver nitrate 
and excess of ammonia to a hot solution of mothylallantoin : it crystallises in short 
prisms soluble in hot water. Methylallantoi'n, heated with ^trongf^Jiydriodic add, 
yields urea and mothylhydantoln — * 

C»H*N*0» + H* = CON»H« + CW(0H»)NW 
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L Methyluric acid is oxidised by potassium chlorate and hydrochloric acid in the 
iner indicated by the foliowi jig equation, the products being urea and methyl- 
alloxan : — 

C®H«N<0» + = CON*H< + C*H(CH»)N*0«. 

Methylalloxan, boiled with strong nitric acid, yields methyl-parabanic acid. 
C*H(CH>)N*0* (H. Hill, I/fr. ix. 370, 1090; SiU. Am. J. [3], xii. 428). 

Dimetliylurtc Acid, CW(CH»)2N<0* (Mabery a. Hill, Ber. xi. 1329). This 
acid is l?cst prepared by heating lf»ul urate with a slight excess of methyl iodide 
diluted with an equal quantity of other. The decomposition proceeds rapidly at 
165°, and is completed in iifteen to twenty hours. The product of the reaction is 
boiled with water, the dissolved lead removed by sulphuretted hydrogen, and the 
crystals which separate out on cooling arc rccrystallised from hot water. 

Dirmthylunc acid forms small monoclinic prisms containing 1 mol. of water, 
]<'rom saturated solutions it sometimes separates at temperatures near 100° in thick 
prisms, pointed at both ends and anhydrous. It melts only at a high temperature, 
with partial decomposition and sublimation ; dissolws in 200 j)ts. of boiling and 800 
pts. of cold water, scarcely at all in alcohol, other, and glacial acetft acid, easily in con- 
centrated sulphuric and hydrochloric acids, and crystallises out on dilution. 

Dimethyluric acid is bi basic. The dlpotassic salt^ K2CXCIl®)*N^O* + 4H^O* is 
formed on dissolving the acid in a small quantity of hot potash-ley, and separates, on 
addition of alcohol, in silky needles very soluble in water, very slightly soluble in 
alcohol. The disodic salt, Na''*C®(CH*)-X^O^ + 4^ H"0, ^obtained in like manner, is 
still less soluble ir^ alcohol. The acid salts, KCTl(ClI’)‘N^O* + and 
NaC*H(ClI®)2N^O® + 2IPO, are obtained by boiling the acid with aqueous potassium 
or sodium carbonate, and precipitating with alcohol. The normal barium salt, 
BaC\CH*)'‘*N’'0*+ 3H*0, obtain(?d by dissolving the acid in baryta- water, sopaRites 
on cooling in flat transparent prisms, soluble u*th difficulty in cold water, more 
easily in hot. The acid salt, .Ba[C*H(CH®y‘*N^O*p+3IPO, is obtained by boiling an 
aqueous solution of the acid with barium carbonate, and precipitating with alcohol. 

Dimethyluric acid heated to 170° with strong hydrochloric acid is resolved into 
carbon dioxide, ammonia, methylaminc, and glycocine, according to the equation 

C»H*(C1P)2N'0> + 6HH) = 2(CH>.NH=) + + 3CO» + NH*. 


The preceding facts show that the two hydrogen-atoms in uric acid which are 
replaceable by metals are directly combined with two distinct nitrogen-atoms. If 
these two hydrogen -atoms be replaced by methyl, the two remaining hydrogen-atoms 
may then be exchanged for metals. This relationship finds a simple explanation only 
on the assumption that uric acid contains the group NH four times ; and this 
Requirement is fulfilled by two only of the various structural formulae proposed 

NH.CO.C.NHv 

for uric acid, viz., by that of Medicus, I 1 1 >CO (p. 2076), and by that of 

CO.NH.C.NH'^ 



Xsourlo Add, C‘H<N<0* (perhaps = CO<™“^°>CH-N=C=NH), is 

formed by mixing a concentrated boiling .solution of alloxantin with a solution of 
cyanamide, and separates on boiling the mixture briskly as a heavy 'powder. Its solu- 
tion in dilute potash-ley gives with excess of hydrochloric acu^ a gelatinous precipitate 
which, unlike that of uric acid, doe^ not liecome crystalline when heated witlf hydro- 
chloric acid. The same solution, like that of uric acid, gives with silver nitrate an 
immediate black precipitate. Isouric acid further resembles uric acid in being nearly 
insoluble in water and in exhibiting a faint acjd reaction after boiling therewith 
(E. Mulder, Ber. vi. 1233). 


URZMZDOSUCCXirAMZD&f 


>CO.NH 

C5HW0» = NH< I 

\co.cn.cmco.NH2 


(Guaresebi, Gazz. chim. ilal, 1876, 370). This substance, identical with Grimaux' 
Malyluramidc {Compt. rend. Ix^ixi. 325), is formed by the action of urea on aspara- 
gine. It cij^stallides with great facility, melts with decomposition at 230°-236° 
is insoluble in cold water, also in alcohol Jind in ether. 
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imiMlD08VCCX«C ACZD, | t f 

\CO.CH.CH».CO.Ofl 

CO.OH^CH.CO.OH 

according to Guareschi, | I Malj/lureidic acid (according to Gn- 

NH.CO.NH 


maux) is formed by heating the amide just described with acids (Guareschi), also by 
heating aspartic acid (2 pts.) with urea (1 pt.) at 125^-130° for eight hours (Gri- 
maux). The solution of its ammonium salt gives with ferric chloridi and a little 
ammonia a brown precipitate slightly soluble in iicetic acid. The sUvcr 5a//f«remain8 
unaltered at 100°-110". The barium salt, (C*II*N-0^)‘‘*Ba + 4H‘0, gives ofi its water 
at 100^-120° (Guareschi); according to Grimaux, tlie air-dried salt contains 1 mol. 
H^O. The acid treated with fuming nitric acid is converted into a crystalline body 
which is coloured yellow by alkalis, and decomposes with explosive violence when 
heated to 188® (Guareschi). 


URZXrs. Constituents , — 1. Thiocyanates. J. Munk {Ber. ix. 1799) observes 
that when the urine of men or dogs is distilled with hydrochloric or sulphuric acid, 
hydrogen sulphide and hydrogen cyanide may be detected in the distillate, and he 
attributes these prdducts to the decomposition of a thiocyanate contiined in the 
uripe. By a quantitative estimation in the form of silver thiocyanate, he finds that 
100 c.c. urine contains on the average 0*008 g. thiocyanic acid. The existence of 
thiocyanates in the urine of men, horses, oxen, rabbits, dogs, and cats has also been 
demonstrated by Gscheidlen (^Chem. Cent\, 1877, 88; Jahresb. f, Cliem, 1877, 1001 ; 
Chem, Soc. J. xxxii. 206). t 


2. Acid Sulphuric Ethers are found in the urine ^f, various animals. The 
amount of these ethers is considerable in the urine of hei^nvora, and in that of the 
horse it exceeds the quantity of sulphuric iicid present as sulphates. The same ethers * 
are normal constituents of man’s and dog’s urine, 'in which, however, they exist in 
much smaller 'quantities. The three principal sulphuric ethers of urine are the so- 
called * phenol-forming,’ ‘ indigo-forming,* and ‘ catechol-forming ’ substances, the. 
last of which is found only in horse’s urine. 

The phenol-forming substance may bo obtained in the crystalline state by simply 
evaporating horse’s urine to a syrup, treating this with alcohol, and evaporatinc the 
alcoholic liquid to a thin syrup, which is left for some days in the cold. A wown 
crystalline mass is thus obtiiined, which, after rccrystallisation from water, forms 
dazzling-white pearly plates, solutions of which exhibit a fine blue fluorescence. The 
crysbils may be boiled with acetic acid without decomposition ; when heated with 
strong hydrochloric acid they break up into phenol and acid potassium sulphate. 
They yield on analysis numbers agreeing with the formula of potassium phenyl- 
sulphate. 

The urine of patients under treatment with phenol contains no trace of that sub- 
stance in the free state, but after being warmed with hydrochloric acid, it yield® 
considerable quantities of phenol. Such urine always* contains a large®|>;af^>rtion 
of.tfHd sulphuric ethers, amounting to ten to fifteen times the quantity present in 
normal human urine. 


Direct experiments with dogs showed that, after the introduction of phenol in 
sufficient quantity into the system, sulphates almost entirely disappeared from the 
urine, their place being taken by* phenyl sulphates. The urine contained only a trace of 
phenol, 'but much phenylsulphuric acid. Analogous result^' w^re produced by the 
administration .of catechol. (E. Baumann, Ber, ix. 54; Pfiuger’s Archiv, /. 
BhysiologUt xii< 691 ; xiii. 285). 

Cresols (o-, 9^-, an^ p') tire found in horse-urine as cresyl- sulphuric acids 
(Preisse, Zeitschr. Physiol. Chsm. ii. 355). 

. 3. fnosite. From experiments made by E.!k[iUz on six persons, it appears that 
inosite occurs in the urine of healthy individuals afbsr drinking large quantities of 
water. The occurrence of inosite in diabetes insipidus: is not constant. • 

4. Allantoin has l>ecn foiuidcin the urine of flr dog fed on meat and fat. Hip- 
puric acid also is found in small quantity in the urine of .dogs fed on meat, the 
maximum amount being 1 pt. hippuric acid to 129 pts. urea (E. Salkowski, Ber. 
xi. fOO). 

6. Oxalates. From examination of forty-four specimens of urine, A. B. Pres- 
cott {Chem. Bews, xxxvii. 76) finds that urine which in the fresh state is free from 
calcium oxalate, frequently deposits oxalates after standing for fiv^ days. 

Relative Weight of different Constituents of Urine, — The urine of a^dog fed on 
meat alone was found to contain 14 pts. by weight of pho.sphoric acid to TOO nitrogen ; 
that of a dog fed on potatoes and bread contained 20 to 30 phosphoric acid to 100 
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nitrogen. In healthy men ^om twenty to twenty-five years old, living on a sufficiency 
(X" mixed diet, the urine contaiiju from 17 to 19 pts. phosphoric acid to 100 nitrogen ; 
with pure meiit diet the phosphoric acid decreases ; with pure vegetable diet it 
increases. The proportion of the two constituents varies greatly also with the 
time of day and the state of health. The urine of healthy men contains to 100 
pts. nitrogen, 12 to 14 sulphuric acid, 0*3 to 0*7 lime, and 0 6 to I’O magnesi% 
(W. Zuelzer, Ber, viii. 1670). 

Influence various Siibstancvs or^ the Composition and Properties of the Urine . — 

1. Benzoic acid. The. urine of a jiog whoso food was mixed with benzoic acid was 
found by Baumstark {Iter. vi. 883)^10 contain a substiince having the composition 
C*B.“N*0. This substance unites w^ith acids, forming easily solulde salt-s ; is pre- 
cipitated by mercuric nitrate; yields sarcolactic acid when treated with nitrous aciil ; 
and gives off half its nitrogen as ammonia when boiled with ba.ryta-waier, the other 
half probably as ethylamine, with separation of barium carbonate. 

2. Orthonitrotolueno. This substance given to dogs in their food appears 

in the urine, partly as orthonitrobcnzoic acid, but the chief product of its transfor- 
mation is a crystalline substance having the composition + 2J11'“0, which 

may be regarded as a compound of urea with uronitroiolmnio acid, C‘*I1**N()“ (Jaffe; 
see p. 1994). ' 

3. Salicylic acid. Sodium salict late, introduced into the stomach of a dng, 

appears in the urine aft(3r forty-five minutes. In man it is quickly eliminated by the 
kidneys,' appearing in the urine after twenty minutes (Blaiichicr a. Bochefontainc, 
Compt. fend. Ixxxvii. 657). t 

4. Salicin, taken by thonioutli, passes into the ifrine partly unaltered, partly 
decomposed, with form?it‘.i.n of salicylic acid (Weitli, Ber. x. 979). 

' 6. Proteids. Many of these bodies, when introduced into the animal body by 
intravenous injection, remain th(y.’(^ : others are eliminated in the urine, either un- 
altered or after undergoing various transformations: The urine after such injections 
is mostly alkaline (Bechaiup a. Batus, Am. Chim. Phi/s, [5], xiv. 512). 

6, When urine voided after eating asparagus is distilled, an alkaline distillate 
is obtained having the characteristic odour of asparagus. Such urine contains a pro- 
portion of ammonia much above the normal amount; considerable quantities of 
succffiic acid ; also hippuric and benzoic acids, but no asparagine. This last substance 
must therefore have been docompostul, in passing through the organism, into succinic 
acid and ammonia, which appear in the urine (A. IJilger, Lkhifs Annalen, clxxi. 
308). 

7. On the influence of Chloral Hydrate on the composition of the Urine, see 
UuocHLORAi.ic Acid (p. 2080). 

Pathological Urine. — Markowpikoff* (Z?rr, ix. 1441, 1603) has found acetone and 
ethyl alcohol in diabetic urine, and is of opinion that these bodies are formed in 
tlie organism by a peculiar fermentation of glucose induced by an acetone-ferment. 
M. Reicfearclt found dextrin in the urine of diabetic patients who liad ])een drinking 
the Carlsbad waters {Arch. Pharm. [3], v. 502). The urine of a typhus 2mticnt*^iiLh 
found by A. Strumpell {^eitschr. anal. Chcni. xvi. 134)to contain tliiosulphurfc 
acid. Selrni {Ber. vii. 1463) finds that fresh nrino voided after poisoning with 
phosphorus docs not gjve otf phosphine when treated with zinc and sulphuric acid, 
but that, after standing for twenty-four hours, it acquires an alliaceous odour, and then 
gives off phosphine wtSn treated as above. 

On the colouring matters obtained from the urine of a leprous patient, soc Ubo- 
FUSCOH.BMATIN (p. 2080). « ' 

Detection and Kslimation 6f varU ns Substances in Urini.^l. Albumin. See 
pROTKiDS (p. 389). 2. Blood (p. Slu)- 3. Indigo. To estimate this suJistance, 
E. Salkowski {Zeitschr. anal. Qhem. 1877, 366), after oxidising the urine, renders it 
alkaline with caustic soda, whereby the indigo is precipitated together with phos- 
phates, and extracts the indigo feiii the dried precipitate with chloroform. 4. Iodine 
may be estimated by acidulating the urine w ith hydrochloric acid, and titrating with 
a solution of palladious chloride, 10 c.c. of which .are equivalent to O'OllO iodine. 
The titration is best performed by measuring out 10 to 20 c.c. of the palladium solu- 
tion, heating the liquid in a stoppered flask placed in the water-bath, and adding the 
urine-solution, previously brought to a definite volume, till all the palladium is thrown 
down as PdP (A. Hilger, Zeitschr. 1873, 342 ; TAebig^s Annalen, clxxi. 212). 
6. Peptone. Sjse Protkids (p. *1689). 6. Phenol may he detected by agitating 
the urine wim petroleum-ether, which dissolves the phenol ; and testing the solution 
with ferric chloride, bromine-water, chloride of lime with ammonia, mercuric nitrate 
with a small quantity of nitrous acid (Dragendorff, Arch. Pharm. [3], xii. 208). 
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7*Quinine may be detected by rendering the urine alkalfie with ammonia, agitatinai 
with ether, which takes up the quinine, eyaporatingl after addition of hydrochlorils 
acid, and testing with chlorine-water, which, if quinine is present, brings out the well- 
known green coloration Zeitschr. ami, Chem, 1874,476). 8. Urea. See 

Gaubamides (p. 389). 9. Uric acid (p. 2076). 

irRV-&BSnr. This resin, which is of frequent occurrence in ancient tombs, 
has been examined by Hostman a. Fliickiger (Arch. Pharm. [3], vii. 1). It consists 
of a dark-coloured amorphous mass, wliich softens at 1 00® without meltjug, and gives 
off an odour like that of storax. It burns with a smoky flame, leaving 1*68-1 ’66 per 
cent, ash, which does not effervesce with hydrockloric acid, has an alkaline teaction, 
and contains manganese. Petroleum-ether and alcohol dissolve but little of the resin, 
carbon sulphide rather more ; ether takes up al)out 60 per cent, of it. The resin 
extracted by ether gave by combustion 72*77 per cent, carbon and 9*26 hydrogen. 
By dry distillation the resin yields a brown oil in which catechol can be detected, 
■\Vhen fused with potash, it yields a quinone-like body. These results do not lead to 
any definite conclusion as to the origin of the rosin, but they show that it is not 
identical with any of the resins in common use. 

VROazSbZXr, ^yn. with llYDRoniLmnniK (pp. 921, 1063). See further L. Disqu^ 
(Zeitschr, physiol, (Jhem, ii. 360; Jahrcsb.f. Chem, 1878, 1002). 

* mtOCAiirziI'ZG ACZD. This name is given by Jaffa (Ber. viii. 811) to a sub- 
stance having the composition which he has obtained from dogs’ urine. 

It reacts both as acid and as base, and melts at 212'^-213°, giving off water and 
carbon dioxide, and leaving a strong basf, called urocaii inn. This base 

dissolves readily in alcohol, Sparingly in water, and forms a red pulverulent platinum 
salt which melts in hot water. • «• 

VROCHZiORAZiZC ACZD, C'H'^Cl-O^ This acici was found in the urine of 
persons who had for some time taken 6 or 6 grams*of chloral hydrate in the evening. 
It is extracted from the urine, ilfter concentration and aeidulation with sulphuric 
acid, by a mixture of slcohol and ether. It crystallises in colourless silky needles, 
dissolves in water, alcohol, and a mixture of alcohol and ether, but is insoluble in 
pure ether; f(jrms well-crystallised salts with potassium, sodium, barium, and copper 
(v. Mering a. Musculus, Ber. viii. 662). 

VROFVSCO- and VRORUBRO-RJBMATZR. Two peculiar coloring 
matters obtained by F: Baumstark (Ber. vii. 1170) from tho urine of a patient suffer- 
ing from Lepra. UroTuhrohmmtm^ C*! t**N®Fe*0**, is a blue-black light mass, insoluble 
in water, alcohol, ether, chloroform, and solution of common salt ; soluble in the fixed 
alkalis and in ammonia, in alkaline phosphates and carbonates, and in acidulated 
alcohol ; sparingly soluble in dilute sulphuric acid, and in solution of common salt 
acidulated with hydrochloric acid. The acid solution exhibits a characteristic 
absorption-spectrum. Urofmcohmimtm, is black, pitchy, insoluble in 

water, alcohol, ether, chloroform, acids, and in solution of common salt, either neutral 
or mixed with hydrochloric acid; soluble in the fixed alkalis, ammcyu^^]kaline 
phosphates and carbonates, and acidulated alcohol. 

VROirZTROTODVSR’ZC ACZD, C«H**NO®. An acid occurring, in combina- 
tion with urea, in the urine of dogs to which orlhonitrotoluene has been iulministorcd. 
See Toluenes (Nitko-), (p. 1994). 

VRORARZO ACZD, The potassium sak. of this acid is formed 

when a solution of uric acid in potash-ley is left in contact with the air, but protected 
from access of carbonic acid. It decomposed when heated with ammonia at 60®, and 
the lead sahfpre* )arod from the viscid mass remaining in the retort has the composition 
of lead allantoate (E. *Jlulder, Ber. viii. 1291). 

viirZC ACZD, (Patemo, Ber, 346 ; Gaze, chiin. ital. 1878, 225). 

This acid was discovered in 1840 by Knop in several lichens of tho genera Usnea^ 
ParmeliOt Evernia^ Cladonia and Lccanora ; and nearly at the same time ilrchleder a. 
Heldt observed its presence \n^,Cladania rangiferina and Usnea harhata (Fries). 
Stenhouse, in 1846, found usnic acid in Evernia gninastrU And obtained, by dry distil- 
lation of the crude acid, a now substance which he named betaorcin, Hesse, in 1861 
(ibid, cxvii. 343), observed that tho acid extracted from Cladonia rangiferina melted 
at 176®, and therefore regarded it as isomeric with Knops usnic acid, distinguishing 
it as heta-usnic acid (v. 970; vii. 353, 1194) ; and in 1866 tho same chemist, in ex- 
amining Usnea harhata (YLo^m,)^ extracted from it a new yellow crystalline substance, 
deceptively like usnic acid in most of its propertied, but differing from it slightly in 
composition, and melting at 195*4° (usnic acid at about 200®). Thiff*Bubstaiice he 
designated as carhumio acid^ assigning to it the formula usnic acid being at 

t^t time ^nerally regarded as (vi. 413). 

The existence of beta-usnic acid was corroborated in 1870 by Stenhouse, who 
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itiorcoyer showed (corroctingj a foriuij; statement) that bota-orcin was a derivative, not 
o\ usnic acid, but of the Mid extracted from CUidonia raii^iferma, for which he pro- 
posed the name cladmic instead of beta-usnic acid. 

The existence of the second acid (carbusnic) was supposed to bo condruied by the 
deference of the results obtaiuod by Paterno and by ISalkowski with the acids prepared 
from Acora sordida and irom Usnea barbata^ ldv.{Jloridat Hoifin.), notwithstanding that'* 
tlie supposition of Salkowski’s acid being carbusnic acid was to a certiiin extent in 
contradiction to his own analyses of .tho salts of this acid, which gave for it an equiva- 
lent number (kolecular weight) between 329-7 and 347*1, whereas the formula 
CifJimo** requires 372. , 

binally, Hesse in his last memoir has re-examined the acid prepared from Usn^a 
barhatat IJoffm., with results which he r^ards as coniinnatory of those previously 
obtained. He is still of opinion that tho lichen just mentioned contains an acid 
haying the composition C*«H‘«0», mixed perhaps with a small quantity of usnic acid. 
This conclusion is based on the result of two combustions of the acid, which gave, as 
a mean, Gl*72 p. c. C and 4*42 H (tho formula C'"H**0’* requiring 01*29 and 4*30), 
and on analyses of the potassium salt. This salt crystallises from alcohol of 93 p. c. 
in yellow llattcned prisms containing 4*09 p. c. water and 9 46 potossium, and from 
dilute alcohol in lie iutiful palo-ycllow leaflets containing 11*18 watOT and 8*97 potas- 
sium. These results agree tolerably well with the forniulai -1- H‘“’0(4 20ll-'O 

and 91 oK), aud G'''1P^K0" + 3}T'0(11-63H’0 and 8*47K), and are regarded by 
Hesse as affording decided coulirmation of the existence of carbusnic acid, 0**H'“0". 

On tho other hand, Paternd 'finds that usnip acid from Zcora sordida, from which 
he has prepared decarbusiioin pyrousnicacid C‘'TV“0', and other well-defined 

compounds, yields, when ^boiltMl with potiissium bicarbonate in such quantity as to 
leave a little of the acid untfissolved, a potassium salt which crystallises from water 
in amass of yellow leaficts giving off 12*23 p. c. water at 110°; from alcohol of 
93 p. c. in yellow* prisms containing li 32 p. c. w*atcr aovl 9*18 p. c. potassium (or 9-91 
calculated on tho dry salt); aud from alcohol of 61 p. c. in pale yellow leaflets con- 
taining 1219 p. c. water and 8 61 potassium (9*81 for the dry salt). 

Tin'so results agree very nearly with those which Hesse obtained with the potas- 
sium salt of the acid prepared from Usnm barbaia (Hoffm.), but they are more in 
accordance with the formula for the dry salt, than with C'"H*HCO', which 

would correspond with C’dl '^‘0', the formula originally assigned by Paterno to usnic 
aci'J. 



( jiH 

ii'aco" + ,i[r‘0. 

+ HH). 


Calc. 


Calc. Exp. 



raU‘rn5. IIcssc. 

I’aternd. Hesse. 

Water . 

ll'SO 

12*19 H*49 

4*30 4*32 4*07 4*11 

Potassium 

8*59 

8*64 8*97 

9*33 9*48 — 9*46 


Anhydrous salt, C‘*'H''KO". 

• 


Calc. 

Paternd. 


Potassium 

. 9*76 

9*91 and 9*84 


Knop also, in 1843, found in dried potiissium usnate 9*16 p. c. potiissium, which 
agrees better with than with C'"U'*KO^, the latter requiring 10*20 p e. 

potassium. 

On the otlier Imiid, the experiments of Patemo on the derivatives of tho compound 
hitherto called usnic acid (.oxtTuctcd from Umca harbata and Zcora sordida) have 
clearly shown that it has the composition ; and since this compound, when 

treated with alkalis, yields salts having tho composition it must be 

interred to be, notan acid, but an anhydride, a view which is confifmed' by other 
facts and considerations. Thus the formation of carbusneide, and pyroi^iiic 

acid, C'^H'-'O*, from the compound (infra), may be represented by tho 

opiations — 

+ 2ir-0 = C02 + 

C‘*’H“‘0^ + 3H‘0 = CO^ + C-H<0'^ + C®H«0 + C’H'-’O'. 

Here the elimination of CO* from the compound is accompanied by 

assumption of the elements of water, which would not be necessary if this compound 
w’cre really un acid containing tho group CO'* in the form of CO. OH, as in the trans- 
formation of benzoic, salicylic, and orsellinic acids into benzene, phenol, orcin, &c. 

The experiments above detailed are sufficient to establish the identity of Hesse's 
carbusnic acid from U^nea harbata, •Hoffm., with usnic acid. The carbusnic acid 
which Salkowskiibbt^ained from Uaiwa fiorida, Hoffm., is also identical therewith, inas- 
much as Patoriio has* found that when boiled with aniline, it yields two compounds 
identical witli those obtained from usnic acid, one melting at 142°, the other at 170°. 
VoL. VIII. 6 S 
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The acid regenerated from these compounds by hydrocliloric ncid is converted bv 
heating with aloohol in a sealed tube into decarbusneli, f 

The so-called usiwf ic acid, recently found by llesso in the mother-liquors 

of usnic acid from Umea harhata^ is regarded by Patorno as identical with decar- 
busne'in. 

Decarbusneiiif obtained by heating usnic acid at 150° with three or 

four times its weight of alcohol, crystallises in yellow silky needles, which turn red- 
dish in the air, melt at 175°, and decompose at a higher temperature, dt dissolves in 
hot alcohol, sparingly also in water and in ethcr^; does not colour ferric chloride, but 
when heated to 200° with alcohol and water, it yields an amorphous substaiice which 
colours ferric salts ; acetyl chloride does not act upon it ; nitric acid acts violently, 
forming oxalic acid. It reduces warm ammoniacal silver nitrate, with formation of 
an amorphous reddish-yellow substance. 

Pyrousnic Acid, is prepared by gradually heating usnic acid to 

boiling with pts. potash-solution in an atmosphere of hydrogen, and remains, on 
acidifying the brown solution with hydrochloric acid, then shaking it with ether, and 
leaving the ether to evaporate, in shining scales which melt with partial decomposition 
aj. 195°, and dissolve freely in alcohol and in boiling water. Its alkaline solutions 
rapidly absorb oxygen, turning green and ultimately brown. The ammoniacal solut ion 
quickly reduces silver nitrate. 

nVlC ACXD, Giro. Syn. with P^rotritautaric Acid (p. 1721). 

13 5 

UVXTIC ACXD, C»J1«0'-C*H»(C0*II)(G1P)C0-H. Sywmctrical Methyl- 
isophthatic acid. Me.'iidio acid (v. 970; vi. 821). Thifi,acicl, intermediate in compo- 
sition between mesitylenic acid, C*H*(C1P)*C0“II, and trimesic acid, C*H*(C0'^1I)*, is 
formed: a. Uy oxidation of mesitylenic acid (vi. 821) ; fi. Together with uvitonic acid 
and other products, by heating pyroracomic acid with excess of barium hydrate, or by 
the action of licat on iionnal liariiim pyroiacemate (p. 1717); probably also, togotluT 
with oxalic acid and urea, by boiling pyvuril with baryta-water (p. 1718). jS. Py 
oxidation of mothyl-diethyl-bonzeno and of ethyl-dimethyl-bcnzcno (p. 1285). 

XTitro- and Amldo«uvltio Acids (Pottiiiger, Brr. ix. 804). Uvit^ acid 
heated for several days with a mixture of strong sulphuric and funiing nitric aci«ls, 
yields two inononitro-dcrivativc.s, separable by their difForent degrees of solubility in 
water, together wdth dinitro-derivatives and several products of oxidntion. 

a-Mononitrouvific acid, C'’n’(N0*)0^ + 2H*0, the chief product of the reaction, 
dissolves but very sparingly in cold water, a little more freely in boiling water, and 
crystallises in groups of needles or long prisms, melting at 22G°- 227°, and containing 
2 mols. water. Its potassium-salt is very soluble and forms microscopic nocdles 
containing 1 mol. of water. The barium salt dissolves but sparingly in hot waiter, ^nd 
forms slender needles which lose I mol. w'ater at 150°. The calciuTa,jmi^whicTi is 
biore soluble, crystallises in needles with 3 mols. of water. 

fi-Momnitronvitic acid is much more freely soluble in water than the a-acid, 
and forms acute rhombohedrons, melting at 249°-250°, and containing half a molecule 
of water. The two nitro-acids treated with tin and hydrochloric acid, yield the cor- 
responding amido-acids. ^ 

orAmidouvitic acid is insoluble in water and sparingly soluble in hot alcohol, 
from which it crystallises in small yollow needles, molting and decomposing at 240°. 
Its impure alcbholi^ solution shows a splendid greonish-bluo fluorescence, but tlnit of 
the,Dure acid is less beautiful and of a reddish-blue. When this acid is stirred up 
with water to a thick paste, and nitrous gas ils passed into tho mixture, it liquefies, 
and on addition of alcohol and ether, depo.sits the corresponding diazo -com pound 
as a hygroscopic mass which quickly turns red on exposure to tho aij, and when 
heated with water yields ahydroxyuvitic acid {infra). 

$-Amidouvitic acid forms a yellow crystalline powder or light-yellow needles ; it 
is nearly insoluble in water, and melts, with decomposition, at 25()°-255°. Tho alco- 
holic solution of the impure acid exhibits a grconish-bluo, the alcoholic-aqueous 
solution of the pure acid a fine roddish-blue fluorescence. The tin-salt of* this acid is 
very sparingly soluble and is not decomposed by water. The )3-amido-acid yields a 
moderately stable diazo-compound, which when heated with water is converted into 
i8-hydpoxyuvitic acid. 

Kydroxyuvitio Acids, C®JP(On)(CIT*)(CO'‘*H)= Two of *thcsc acids, a and jB, 
are obtaineil, as already obscrvc<l, by the action of boiling water on tho corresponding 
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(fnzo-acids.^ As uritio aci(^ has the symmetrical constitution 1:3:5, those two 
hjjdroxy-acids must be reprosonild by the formulae : 

1 2 3 4 s fi 

C«.CO-IT.H.CH»Oir.CO-’Il.H 

C«COnr.H.CPP.H.C()*-«ILOH 

but it has not yot been ascertained which of these formuhe mUvSt bo assigned to the 
o-ucid (m.p. 285°), and which to tho $ acid (m.p. 220°). 

Another h^^lroxyuvitic acid (or more properly hydroxyxylidic acid) is formed (as 
ethylic ether) by the action of chlorofeu on a mixture of ethylic acctosodacetate and 
sodium ethylate, or on the crude product of tho action of sodium on acetic ether, 
which contains both those bodies. Its constitution, as already shown (p. 17), is repre- 
sented by the formula : 

C«.C02H.CH*.H.0IT.C0^II.II or C(PII : OH® : Oil : COHl = 1 : 2 ; 4 ; 6. 

By dry distillation of its calcium or barium salt it is converted into vwe^rt-cresol 
(Oppenhoim a. I^aff. pp. 17 and 1477). 

WZTOIVIC ACZBf C’*II‘*0’ (?). This acid is ono of the products obtained by 
boiling pyroraccmic acid with excess of barium hydrate, and probably also by the 
action of heat on barium pyroracemate (p. 1717). It is partly converted into uvitft 
acid when loft in contact with the air, and completely by prolonged treatment with 
barium hydrate (Bottingcr, Ber. ix. 836). 

xrVZTOZrZlirZG ACZB, C"lT”NOb TIfe acid amr^niiim salt of this acid 
is obtained as a precipitate, together with carbonic and acetic acids, by the 
action of alcoholic animoida on pyroracemic acid. Its hiirinm unit contains 
C^H’NO'Ba 1-311-0; the silMr salt, C'HNO'Ag^ -i- IPO. Tho acid is not acted on 
by nitric acid. Chromic acid oxidia^ss it to CJirbon dioxide, ammonia and acetic acid 
(Bbttingor, Ber. x. 362). 


VABEBAIi or VABEBAXiBEHirBS, Cdl "O C^II^’CIIO. This compound 
is formed, togi'ther with methylisopropyl ketone, by tho action of zinc chloride or 
phosphorus pent oxide on isopropyl cthylglycol (Flawitzky, Ber. x. 2240). 

Valeral and (icctfil cldoridc heated together at 100° in a sealed tube unite and form 
the compound C'’H"’0,C-1P0C1, which is a liquid having a density of 0-987 at -17°, 
boiling at 118-128°, and gradually decomposed by water into acetic acid, hydrochloric 
acid, and valeral (Maxwell .Simpson, Prnc. Roy. Soc.^ xxvii. 120). 

Valeral and chloral animonia unite, with elimination of 11*0, forming tho com- 

^ ‘ r»TT nma 

pound C»H>*CPNO - CCFCl 


<N--CII.CW 
.OH 
^NH- 


^Nir.CII.CHI" 


CIPCIIO + = IPO + CCP.ClI<^Jj 

(R. Schiif, Ber. xi. 1694). 

Valeral and bemidbic uivte in the proportion of 2 mol. C'II’“0 to 1 mol -II N , 
forming a sparingly soluble compound (H. Schiff, Ber. xi. 830). 

PolymerldeSa The polymeric valeral 9iC*ll'®0, homologous wit^ aldpl, which 
Borodin obtained by tho action of sodium, or of potassium hydroK.j|tlo at 0^, on valeral 
(vii. 1196) has been further examined by the same chemist {Ber. vi. 982), alsoby ‘^ass 
i. Hell {ibid. viii. 369), and by Bruylanfe {ibid. 414). It is a colourless viscid liquid, 
which, when heated, is converted, with elimination of water, into a condensation- 
product, viz.;in aldelivde and a neutral My C-»II “O’, together with valeral, 

tile decomposition being exactly analogous to that of ahhiL under similar circumstances. 
The polymeric valeral further resembles aldol in depositing ciystiils when left for 
some time in contact with dilute soda- Icy. This, however, does not always take place, 
and the amount formed and the rate of formation vary greatly in difFercut experiments 
conducted apparently under precisely similar conditions ; in fact, the conditions under 
wWch these crystals are pr.,dueed have not yet Hie imposition 

of the air-dry crystals is represented hy the formula (0 11- 0 ) H O. When lea^, 
they molt slowW to a .toloiirlcss liquid, which, if not heated too long solidifies to a 
crystalline mass 4 poling. If it be lieated almvc the meltmg^int, decomposition 
takes place, valeral passing over fi ret, then the aldeliydo C 11 0, and finally the 
compound C^H^O*; those products are obtained quite colourless, and no residue 

6 8 2 
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remains in the retort. The crystals are similarly (l 0 conipf»sed when hofited with wat(||r 
or very dilute sulphuric acid ; they are also deconl^ed, with loss of water, wlifu 
exposed over sulphuric ticid. • 

Giiss a. Hell obtain a polymeric valeral by prolonged contact of valoral with 
recently ignited potassium carbonate, the valeral thickening, and acquiring in a few 
days at ordinary temperatures, more quickly at 50°-60°, the consistence of lioiioy. 
This polymeride is permanent in sunshine, and docs not unite either w'ith ammonia or 
with alkaline bisulphites; by distillation or by heating in a scaled tube it is recon- 
verted into ordinary valeral. Its consistence varies with the temperature ; at 60°-70° 
it is comparatively mobile, but at —45® it is S9 viscid as to bo no longer capable of 
running; it does not however solidify completely. Kruy Lints, oh the other hand, by 
piessing the thickened mass between paper, after washing it with water, obtained a 
solid body, which, after recrystallisation from ether, formed slender silky needles, 
having the percentage composition of valoral, and yielding a vapour haying the 
density of that substance, showing that the polymeride undergoes dissociation wlicn 
heated. The crystals are insoluble in water, but dissolve readily in alcohol, still 
more readily in chloroform and carbon bisulphide. They melt at 83®-8‘l®, and decom- 
pose at a higher^temperature, yielding a liquid which unites like an aldehyde with 
bisulphites and siiver-solution, and does not easily resolidify on cooling. 

** Condensation-products of Valeral (Giiss a. Hell, Ber. viii. 369). These 
are obtained by boiling valoral with solution of potassium carbonate. The liquul, 
which at first is turbid, becomes cleiir after about two hours’ boiling, the reaction being 
then complete. The cliange affects, however, only about half the quantity of valeral 
present, w'hich is thereby fonverted into products of higher boiling point, the other 
and somewhat larger portion remaining unaltered. The, residue loft after distilling 
off t his unaltered valeral is resolved by fractionation in^-o three p)rtions, the largest, 
which boils at 187®-191° (189-9'’-194® corr.) under a pressure of 742 mm., having 
the composition C'®H'*’0 = 2CV[‘®0-ir-0; the 'second, which is much smaller in 
quantity and l>oils at 235®-240°, being represented by the somewhat doubtful formula 
0‘W"0"=3C*n‘“0 — H*0 ; w^hile* a third, which boils apparently at 266®-270°, has 
the composition C*®1P*0*-4CH1‘®0 — H-0, and is resolved by prolonged distillation 
into water, the compounds above mentioned, and others of higher boiling point. 

A condensation-product having the formula w'as obtained by Horodiii, 

who, however, describes it as boiling without decomposition (ini. 1196). Tile body 
C‘®n*"0 was previously obtained by Kiban and by Kekulo {loc. cit.) Giiss a. Hell 
describe it as a yellowish oil, which gradually becomes colourless on exposure to 
light and assumes a viscid consistence at low temperatures, but docs not solidify com- 
pletely even at -45®. Sp. gr. = 0*861 at 0®, 0*851 at 14®, referred to water at 0®. The 
compound has a strong odour like that of amyl valerate, and is iiisoliiblo in water, 
but dissolves readily in alcohol and ether. It does not unite with ammonia, nor (con- 
trary to Borodin’s statement) with bisulphites ; but it reduces silver oxide on boiling, 
also an ammoniacal solution of silver. It acts violently on phosphoric anhydride, 
forming hydrocarbons of the formula wCW; with bromine it yields an oiljfcpjmduct. 
'It is not attacked by water even at 250®. By boiling with alcoholic potash it is con- 
verted partly into valeric acid, but for the greater part into a brown viscid condensM- 
tion-product, apparently C*®H**0*, which cannot be distilled either alone or wiili 
vapour of water. 

Valeral-ammonia, CHI'®0,NH* = C*H®.CH(NIH)OH (Ljubavin, Bcr. vi. 1460). 
This compound is formed immediately by the action or ammonia on pure valeral, 
slowly, on the other hand, when impure valeral is used. In the fused stale it luay 
bo dehydrated by solid caustic alkalis without decomposition. It is decomposed by 
alcohol of 95 per C?;nt. The dry compound, when distilled, first gives off a large 
qujAitity of ammonia, then at 250® a mixture of valeral-ammonia and Krdraann s 
trioxamylideno or trioxamylamino, (U^Il*®0)*,NIl*(v.886); the same products, 
together with valeral, are formed on distilling valeral-ammonia with aqueous vapour 
at 100®, also on boiling valeral-ammonia with potjisli. The alcoholib solution of 
valeral-ammonia, when left to itself for some time, likewise yields trioxamylammc^ 
This base, treated with hydrochloric acid, forms white flocks, melting at 112®-! 13 
and consisting of a mixture of C'HI^’NO^HCl and C*®H®'NO*,HCl. 

Valeral-zantbamidef 

On adding hydrochloric acid to a mixture of xanthamide and Valeralj^a glutinous niass 
is formed, ivhich on addition of a small quantity of alcohol breaks up without dis- 
solving, and yields with water a yellowish white or pure white crystalline powder 
made up of small indistinct cohering laminae. This is the compound above formu- 
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lifted. It has a faint, peouljar odour, dissolves but sparingly in ether, more readily 
iuialcohol, and molts at 108*. ^hon he^ited in the dry state it emits an odour of 
mercaptan, and at the same time gives of[ ammonia and cyanic acid, and finally 
strongly alkaline vapours having an intensely repulsive odour (C. HishofF, Ber, vii. 
1078 ). 

VAURXe ACZD, = (CII»)*CII.CH*.COOH. Isopenioic, Isopropyl-^* 

acetic^ Isohutylformic Acid. — See Prntoic Acids (p. 1500). The properties of this acid 
and of severalgjf its salts and derivatives have lately been fully investigated by li 
Schmidt and R. Sachtlohen (^Liebig*s Aunaleti^ cxciii, 87)« The acid was prepared by 
a slight modification. of Erlcnmeyer and Hell’s process, in which isobutyl cyanide is 
decomposed by alcoholic potash (vii. 1197). The free acid boils at 175° under a 
pressure of 754*8 mm. Sp. gr. 0*93087 at 17*4°. It is optically inactive.* Its salts 
arc partially converted into basic compounds on keeping; their aqueous solutions have 
a slightly acid reaction. The alkaline and alkaline-earth salts are easily soluble in 
water, but those of the heavy mcbils are difficultly soluble, and genonally more soluble 
in cold than in hot water. The calcium sc/tU, (C*H“0‘^y'‘Ca + SH^O, is more soluble than 
that of active valeric acid, and is not so prone to form basic salts. The manganese 
salt, (C*II®0*)'^Mn 4- 2ir“0, the sine salt^ (CHr’O^)^Zn + 2IPO, and the copper salt^ 
(C*'TPO*)*Cu, are more soluble in cold than in hot water. Quinine i8obutylfomui{£y 
closely resembles the active valerate. Methyl isohutylforTnate^ 
C*H»0®.CH^ is a colourless liquid with a pleasant fruity odour (b. p.‘l 17° at 7C3*8 mm.) 
Sp. gr. at 17° = 0-885465. 

Isobutylformamide^ C®H®O.NH% is prcparcci by heating^ the methylic ether with a 
mixture of aqueous and alcoholic ammonia for five hours at 120° in sealed tubes, and 
evaporating the product* o.er sulphuric acid. It crystallises in silky plates (m. p. 
135°), which are easily soluhrb in water and alcohol, and can bo sublimed. 

Isobutylformanilide, C®IPO.NH(C®lP), i.s obtained by boiling the acid and aniline 
together in molecular proportions for two days. It is' ;>j'aringly soluble in hot. water, 
but dissolves easily in alcohol or ether. It sublimes when heated, and voLatilise-s in a 
current of steam (m. p. 100°). 

Bromisolrntylformic acid seems to be formed when isohutylformic acid is heated 
with bromine at 140°, but it has not been obtained pure. 

Am^a-isobutylformic acid (Jsopropylglycodne), NH'^O^H^COOH, is prepared by 
heating bromisobutylformic acid with 4 vols. of concentrated ammonia in sealed tubes 
for .six hours at 130°, removing the ammonia by evaporation, digesting the residue 
with lead hydroxide until it cesvses to smell of ammonia, collecting the precipitated 
load bromide on a filter, and removing the lead in solution by sulphuretted hydrogen ; 
the filtrate, on evaporation over sulphuric acid, solidifies to a yellow' crystalline mass, 
which may be purified by washing with a mixture of alcohol and ether and crystalli- 
sation from alcohol. 

^Amido-isobutylformic acid crysbillises in colourless plates, which are easily soluble 
in watei^but difficultly soluble in alcohol and ether. When heated, it volatilises 
without molting. In these properties it agrees entirely with Clark and Fittig’s amido- 
valeric acid (v. 278). 

Hydroxyisobutyfformic acid, C‘‘H"(OH).COOIT, is obtained by boiling bromisobutyl- 
forniic acid with a slight excess of concentrated potash for a shoj-t time. After 
separating the potjissinm l^romide and acidifying with strong hydrochloric acid, a 
yellow oil separates, which consists c.ssentially of isohutylformic tacid ; this is removed, 
and the hydroxyisobutylfonnic acid oxtmeted from the acid liquid by agitation with 
other ; on distilling off tlio latter, a yellow syrup remains, from wiiich -colourless 
crystals separate after some time. The acid may be purified bytcrystallisation from 
other. Ilydroxyisobutylformic acid (m^-.p. 82°) and its salts do not differin any oftheir 
properties from thoso of the hydroxy jwid and salts obtiiinod by Clark and Fittig (vi. 
894) from ordinary valeric acid. 

Et hylic hydroxyisohutylfonnate, C^H*0*.CHP, is obtained by the action of ethyl 
iodide on the silver salt. ‘ It is a colourless liquid of IJleasant odour, and is lighter 
than water, in which it is but slightly soluble. It boils at 175° with slight decom- 
position. Treated with phosphorus trichloride, it does not give an acid^ identical or 
isomeric with angelic acid, but amorphous phosphides and a highly chlorinated oil. 

Valerolactide, C^IPO®, is obtained when Ilydroxyisobutylformic acid is heated 
in scaled tubes at 200° for six hours, thus: — C*1I"0* = C®H®0- + IP0. It crystallises 
in white needles melting at 126°, boiling at 220°-240°, insoluble in cold water, and 
melting in hot wttter td a colourless oil. It is easily soluble in alcohol and ether, and 
may be sublimed in ^ilky needles. It is not attacked by dilute alkaline solutions. 

•Active valeric or poiitoic acid is mctliylethylacetlo acid, (OH*)(0*H*)OH.COOH 
(p.1503). . 
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Trichlor^hy dr oxy valeric or Trichlorovalcrolactic ftcid^ C*H’Ci*0*, formefy 
described by Pinner and BischoiF, forms the fotowmg salts: — ^The sodium smt, 
G^H^NaCPO^ + loses its 'water of crystallisation at 1 00°. The ammonium salt 
forms small granular crystals, and the lead salt is an amorphous precipitate. The 
acetyl-compound, C*H®(C-II®0)CP0* + H®0, which crystallises in white needles (m. p. 
84°), is prepared by digesting the acid with acetic anhydride and pouring the product 
into cold M'ater. It is insoluble in cold water, and is slowly decomposed by boiling 
wdth water. The anhydrous compound forms a thick uncrystallisable^yrup. 

Ethylic trichlorhydroxyvalerate, C^II^OPO^.C-H*, forms long prismatic crystals, 
which melt at 40° and boil at 255'^. If this efiier is dissolved in alcoholic*ammonia, 
and the solution left at rest for several weeks, a white crystalline crust is formed, 
which consists of a mixture of ammonium chloride and the amide of monochlorimido- 
angclic aaid, C^II'CIN-O. This amble is soluble in hot benzene, and is reprecipitaj^ed 
by the addition of light petroleum to this solution; melts with decomposition at 118°. 
Platinum chloride and silver nitrate produce precipitates in the aqueous solution 
(Pinner a. Klein, Jler. xi. 1488). 

VAXiERZTSZXI'Bg This base, obtained by heating 1 volume valeral 

with 2 volumes alcoholic ammonia at 150° (vii. 1200), has been further examined by 
Ljubavin {Her. vi. 566). To purify it, the hydrochloride, which forms an uncrystal- 
lisable syrup, is mixed with caustic potash, and the base thereby set free is distilled 
olf with steam, precipitated from alcoholic solution by picric acid, and again set free 
by an alkali. 

Valoritrine is a colourless, very moWle liquid, having great dispersive power, boil- 
ing at 250°-260°, easily stlublo in alcohol, ether, and weak acids, nearly insoluble in 
water and aqueous alkalis. It s salts arc mostly uncrystallissibio, dissolve easily in water, 
and are decomposed by boiling therewith. The base is tfn the whole vory stable, and is 
not decomposed by sodium even at 2oO°. The platinochloride, (C’-'Il-^NjITC^-PtCP, 
crystallises in transparent, brittle, orange-coloured granules, easily soluble in alcohol, 
sparingly in water and in ether; in boiling water it melts to an oil, which floats on 
the surface and gradually dissolves. The mercurochloTide, C**lP’N.HCl,HgCl*, forms 
rhombohedral crystals, which dissolve in boiling dilute alcohol and molt at 86°-88°. 
The picrate, C‘*H*^K,CW(NO*)®0, purified by crystallisation from warm alcohol, 
forms needles molting at 129°-13()°, sparingly soluble in cold, freely in w'arnyilcoliol. 

VAXiEROEACTZBS, CWO*. On tho modification of this compound, formed 
by the action of heat on hydroxyisobutylfomiic acid, sec p. 2085. 

VAXiERTRERBS, or PEKTIXES, (sec p. 1500). According to Bou- 
chardat {Compt, rend. Ixxxvii. 654), valerylcne (which modification?), heated for 
about six hours at 250°-260° in a scaled tube filled with carbon dioxide, is converted 
into a torpilene, which, after several rectifications, has a density of 0‘848 at 

0°, and 0-836 at 15°, and distils at about 180°. Tho condensation of the same valery- 
lene also gives rise to a trivalerylene, C*®H**, which is found in the portion o^tho 
crude protluct distilling between 240° and 260°, and yields a monohydjiachlorido, 
•w'hich is completely docompo.scd by heat. 

Metbyl-etliylacetylene, is obtained by tho action of alkalis 

on mothylethyl-ethyleno bromide, C-H*.CH.Br.CITJ3r.CH®, and forms the portion of com- 
mercial valorylono which is insoluble in sulphuric acid. It boils at 51° (Eltokoff, 
BtiU. Soc. Chim, [2] xxix. 210), and is converted by oxidation with chromic acid mix- 
ture into propionic and acetic acids. 

Zsopropylacetylene, (CIP)*CTI.C£ICH. Fhivitzky a. KrilofF (lier. x. 110; 
Jiull. 8oc. Chfm. [21 xxix. 214) have prepared tliis modification of valorylono from 
thejpiixturo of pentylcncs obtained from amyl iodide, by heating the bromides of 
these pentylenes with alcoholic potash on a v#iiter-bath in a flask "Vvith reversed con- 
denser. According to their observations it boils at 28°-30°, not at 35°, as found by 
Bruylants and Eltekoff (p. 1500). By oxidation with potassium dichroflaate and sul- 
phuric acid it yields acetone and lactic acid, and when treated with sulphuric aedd 
it yields methylisopropyl'ketonc, (ClPy-^H.CO.CH*, together with products of 
higher boiling point. 

VAEERTE-TRZlMEETBTXiAMXMlOXZVM CBEORZBE, (C''H»)(CH»)>KC1, 
is prepared by digesting trimethylamine "with commercial amylono chloride for 
several days at 50°-60°. It is very hygroscopic, and forms a platinum salt, 
(C*H'*NCl)'‘*PtCP + IPO, which crystallises in hemispherical groups of irregular lamimB. 
The gold salt, which is anliydrous, melts when* heated, witheut loss of weight, and 
solidifies in the crystalline state on cooling (Ilamack, Chem. Ceniy. K76, 560). 

VAXADZUM. Atomic weight 51. Lockyer has detected this element in the 
sun by the coincidence of nine lines in tho solar spectrum and in that of incandescent 
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to’anadinin {Proc. Roy, Sac., xxvii. 279). The presence of vanadium in a meteorite 
\rom Adarc, County Limorick.|has been demonstrated by E. Apjohn {Chem. Soc. J, 
xxvii. 104). 

J. Walz (Arner. Cheiiiiaf, vi. 453) ha.s demonstrated the widely diffused occurrence 
of vanadium, especially in primary iron ores, having found it in all the AmcTican 
magnetic iron ores which he examined. Ho has also observed an intimate connection* 
between the occurrence of vanadic and titanic acid, all the ores which contain the 
latter in relatively large quantity bci^ig also proportionately rich in the former. 

On the prhpcaration of Vanadium from the uranium ore of Joachimsthal, see Patera 
{Dmyl..poL J. ccxxxi. 556). 

On the physiological action of Vanadium, see J. Priestley (Free. Roy. 8oo. xxiv. 
40; Jahresb.f. Chem, 1877, 887). 

On the industrial uses of Vanadium compounds, son J. Philipp {Hofmann's Ent 
luwkehing der Chemischen Industrip^ p. 836) and R. v. Wagner {Dingl, pel. J. ccxxiii. 

Estimation. — To estimate small quantities of vanatlium in silicates^ V. Roussel 
{Compt. rewrf. 1 xxvii. 1102) fuses the suhstaiico with sodium carbonate; oxidises it 
with a small quantity of nitre; exhausts the cooled and pulverised melt with boil- 
ing water; washes it completely; evaporates; precipitates wiili ammonium car- 
bonate; filters; add.s ammonium sulphide; leaves the. liquid at rest for several drjys; 
again filtcsrs ; adds hydrochloric acid, whicli throws down vanadium sulphide mixed 
with sulphur; and weiglis the precipitate after expelling the free sulphur by ignition. 

For the volumetric analysis of vanadium §ulphai^s and double sulphates wdth alkali- 
mctals, Gerlaiid {Ber. x. 1216) reduces the vanadic acidj!:)y means of sulphurous acid 
to vanadium tctroxido.^wbicdi is stable in acid solution, but is'complctcly oxidised to 
vanadic acid by pcrmangaiijyo. On the other hand, vanadium totroxido may bo ad- 
vantageously used for the t itration of permanganate solutions. 

To separafo vanadium from thHUivin^ Oaruelley {Chem. Roc, J. xxvi. 323) mixes the 
solution of the two metals in sulphuric acid with a sm:«'l quantity of sulphurous acid; 
precipitates the thallium with potassium iodide; evaporates the filtrate; fuses the 
r<‘siduo with sodium carbonate ; and saturates the aqueous solution of the molt with 
sal-ammoniac. The ammonium motavanadato which separates after twelve hours is 
washed, first with a saturated solution of sal-ammoniac, then with alcohol, and con- 
verted by ignition into vanadium pentoxide. 

Vanadic acid may bo siqiarated from alumina by dissolving the compound (ardem- 
nito, for example) in a small quantity of hydrochloric acid, and digesting the solution 
for a short time on the w^ator-bath 'with a few drops of phosphoric acid, whereby the 
aluminium vanadate is completely converted into aluminium phosphate, which may bo 
completely pr(?cipitatcd by ammonia, while the whole of the vanadium remains in 
solution (llettcndorff, Ann. Phys. Chem. clx. 126). 

• Compounds of Vanadium. 

sAyloclilorlde, V(0C'‘H®)“C1’. This compound is formed by the action .of 
ethyl oxide on vanadium oxychloride. Equal parts of ether and the oxychloride are 
digested for two or three hours in a closed vessel at 60°-70°, and the lighter of the 
liquids tlioTcby formed is distilhid under a pressure of 160-200 mm., wJiorehy the 
othylochloride is obtained in .shining needle-shaped crystals melting at a temperature 
below 20°. It is slowly dcconqiosed by water into ethyl oxide, vanadium pentoxide, 
and hydrochloric .acid, and chango.s spontaneously into a brown liquid even in a sealed 
tube (P. P. Redson, Chem. Soc. J. xxix. 309). 

Ferrocyanides. See Cyanides (p. 618). ^ * 

Fluoride. According to A. Guyn .1 {Jhdl. Soc. Chim. [2] xxv. 350) an anl^drous 
vanadium fluoride is given off in yiilow vapours, yvlien the oxyfluoride obtjiined by 
treating vanadic acid with hydrofluoric acid and a little alcohol is heated to redness. 

Ozytaalodd Cozopounds. The tetroxychlorldo or vanadic oxychlo- 
ride, V^O^Cr-^ + 5H-0, is obtained by dissolving vaufidic acid in strong hydrochloric 
acid, and reducing the solution witli hydrogen sulphide. On ijvaporating to dryness 
on the water-bath, the oxychloride remains jis a browm amorphous substance which 
forms a blue solution with water and a bro'wn solution with alcohol and strong hydro- 
chloric acid (J. K. Crow, Chem, Soc. J. xxx. 453). The same compound is described 
by A. Guyard {Bull. Soc. Chim. [2], xxv. 350 ; Chem. Soc. J. xxx. 173), who, however, 
calls it chhrure vanadeux. * 

The corresponding oxy bromide {bromure vanadeux), easily obtained by treating 
vanadic acid with bromine-w^ater and alcohol, or with hydrobromic acid, resembles 
the oxychloride, but decomposes more readily, ■with formation of vanadium tetroxide. 
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To obtain it in the dry state the solution must bo evaporated at a temperature belo\f 
80® (Guyard, loe* eU,) I ^ / 

The oxy iodide, obtained by the action of hydriodic acid on the totroxide, resembles 
the preceding compounds, and forms in the dry state a blackish-greon, uncrystallisable 
mass. 

The oxyfluoride, obtained by treating vanadic acid with hydrofluoric acid and a 
little alcohol, is loss easily decomposible than the preceding compounds. At a red 
heat it is at first resolved into hydrogen fluoride and vanadium tetroxide, but after- 
wards gives off thick yellow vapours of anhydrous vanadium fluoride (Guyard). 

A silicofluoride of vanadium is obtainedJ)y treating vanadic acid with silico- 
fluoric acid and a small quantity of alcohol. The solution, which is blue at first, be- 
comes green when concentrated, and ultinuitely yields a greyish uncrystallisable mass 
(Guya^). 

Oxides and Oxy-aalts of Vanadium. TimtoxiDE or Htpovanadic 
Oxide, V*0*. This oxide, obtained either by slow oxidation of the trioxido in contact 
with the air, or by heating the tetroxychloride, V-O^Cl-, in a stream of carbon dioxide, 
is a dark green, amorphous powder, insoluble in water, easily soluble in alkalis and in 
acids. When exp(^ed to the air it gradually absorbs oxygon and is converted into 
the pentoxido. 

The ht/drate, V‘0S7H‘‘0, prepared by careful precipitation of the sulphate or chlo- 
ride, and filtered and dried out of contact with the air, forms a black amorphous mass 
having a vitreous fracture. It unites with bases, forming salts called Hypo vana- 
dates, and with acids, fornyng the Vanhdy I Salts. 

Hypovanadates. The potassium salt, (V^0‘)-K-’0 + Tp'-'O, forms dark brown, 
shining crystals, easily soluble in water, nearly insoluble y potash-ley, quite insoluble 
in alcohol. The sodium salt, (V-0^)“Na-0 + 71PO, exhibits precisely similar cha- 
racters. The ammonium (V-0‘)‘-(NH<)20 + 3?IP0, is a brown crystalline mass. 
The barium salt, (V-O^)'^BaO, is’obtained as a yellow-brown precipitate on adding 
barium chloride to a solution of V-0*C1*. The lead salt, V-0\PbO, is a brown i)re- 
cipitate ; the silver salt, V=*0hAg*-*0, a black crystalline pow^der ( J. K. Crow, Cbem, 
Soc, J, XXX. 453). 

Vanadyl Salts (Crow, Uc. cit ; Gorland, Her. ix. 809, x. 2109). Trisufphnte, 
V*0^3S0*. — This salt forms two hydrates, one soluble, the other insoluble, (a) The 
insoluble hydrate, V^O*,3SO’ + 4lPO, is prepared by treating a solution of the pentoxido 
in sulphuric acid with reducing agents, such as sulphurous acid, oxalic acid, hydro- 
chloric acid, or alcohol, and evaporating, whereby a blue syrup is obtained, which on 
further heating, or better on addition of strong sulphuric acid, d(*posits the sparingly 
soluble hydrate in light blue, very slender needles, wdiich may be purified by pouring 
off the mother-liquor, mixing them with water, avoiding all rise of temperature, and 
washing them on a filter with cold water, or* hotter with dilute alcohol. These 
crystals dissolve but very slowly in cold water, anti even more slowly in dilute alcolitfi, 
but are quickly dissolved by hot water. On exposure to the air thtiy deliqueJffn to a 
bhie mass having the consi.stenco of honey. (6) More soluble hydrate, V‘0\3S0* 
+ 15 IPO. This hydrate is obtained by treating the concentrated solution of the above- 
described crystals with strong alcohol and repeatedly kneading tlie precipitate witli 
fresh quantities of alcohol ; it then forms a transparent waxy mass, which is not 
altered even by prolonged sojourn over strong sulphuric acid. The aqueous solution 
of either of these hydrates mixed wdtli ammonium van.-ufate assumes a dark green 
colour, and remains clear at ordinary tempeKitiires, but on boiling dcpjsits a black 
precipitate, .whiqh adheres closely to the sides of the vessel, forming a hard specular 
crust, the solution at the same time becoming lighter in colour. Sodium phosphate 
produons in the same solution a greenish-blue precipitate, easily soluble in excess of 
the reagent and in acetic acid. Normal potassium chromate forms a yelb w-brown 
precipitate. Vanadyl trisulphate unites with potassium sulphate, forming an easily 
soluble double salt, V‘‘*()'‘,3SO* + which dries up over sulphuric a^id to a clear 

syrup, and separates -after somei time in the form of a light blue powder (Garland). 
A hexhydrate, V‘‘0\3S0^ + is formed on evaporating the blue solution obtained 
by reduction of vanadium pentoxide dissolved in strong sulpliuric acid (Crow). 

Bisulphate, V*0*,2S0®. — This salt is known in two modifications— one soluble, the 
other insoluble, in cold water. The insoluble modification is formed on heating a 
solution of vanadium tetroxide in excess of sulphuric acid for several hours to the 
boiling point of sulphuric acid, and separates as a heavy microcrysti^llino powder, having 
a light grey-green colour. It is quite insoluble in cold water, and iquires a faint 
blue colour on prolonged boiling with water, more quickly in presence of hydro- 
chloric or sulphuric acid. By prolonged heating at 400° it acquires a pure greenish- 
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bfjie colour, and is converted.) without change of composition, into the soluble modiii- 
eaiion. In this state the salt dissolves completely when heated with water in sealed 
tubes at 130°, forming a deep blue solution, which, when evaporated over sulphuric 
acid, leaves a ha^, resinous, transparent mass ; and this, when moistened with dilute 
alcohol, changes in the course of a few weeks into a conglomerate of fine blue radiate 
crystals, having the composition V*0<,2S0* + TH^'O, and identical with the salt which 
Crow obtained by the action of alcohol on the trisulphato (Chem. Soc. J. xxx. 4.53). 
Tlio crystals, when exposed to moist aii-, swell up considerably, absorbing 6 mol. 11*0 
more, and even deliquesce in a very damp atmosphere, but eflloresco and turn white 
iu dry air. A decahydraie^ V*0*,2S<l)* 4- 1011*0, separates in groups of deep blue 
crystals an inch long from the solution of the preceding hydrate, when left to itself 
for a month ; it is also formed on moistening the amorphous sulphate with water. 
Of the 10 mol. water of crystallisation five are given off very quickly at 100°, two 
more slowly, while the last three cannot bo driven off even at 130° (Gorland, Bet. x. 
2109). 

Acid Vanadyl Sulphates»-— Qioi^ {^Chem, 8oc» J. xxx. 455), by dissolving yanadic 
oxide in strong sulphuric acid, and reducing the solution with sulphurous acid, ob- 
tained an acid vanadyl sulj)hate as a light blue crystalline powder, having the compo- 
sition V*0'',3S0* + 611*0 or V*0‘,2S0*,H*80'* + 611*0. Oerland {loc, cit.) has pi’opared 
two more of these salts. A solution of vanadium totroxide in excess of sulphuric 
acid deposits an abundance of small blue transparent crystals, grouped in crusts ; 
they are very deliquescent, and in contact with water, alcohol, or ether are thrown into 
rapid movement, and either dissolve or are cdhverted into small silvery scales, which, 
when strongly magnified, appear as square plates or groufjs of cubes. The composi- 
tion of the crusts appoaA be represented by the formula V*0\2S0®,II*S0< + 311*0 ; 
that of the scales by V*0^,‘iS0*,H*S0^ + 2H*0. This last compound is formed in 
larger quantity when a solution of {he ■ otroxide in a large excess of sulphuric acid is 
lioatod at 140°-160°, and it may be safely assumv*^.! lo exist ready-formed in the 
crusts above-mentioned. This acid vanadyl sulphate, like many other vanadium com- 
pounds, possesses iu a high degree the property of carrying down other soluble salts 
with it (Gerland). 

Vanadio SulpliateSf or Sulpliates of Vanadium Fentozlde (Gerland, 
Ber. xi?98 ; Cham. Naw.% xxxvii. l27, 138). The pentoxido dissolves in sulphuric 
acid more or less readily, according to the manner in which it has boon prepared, the 
fused oxide dissolving more slowly than that prepared by the ignition of ammonium 
vanadate. The trisulphato, V*0^,3SO*, is prepared by dissolving vanadic oxide in 
excess of sulphuric acid at a low temperature, the excess of sulphuric acid being 
afterwards removed by heating in an air-bath at 200°. The dry residue thus obtained 
is covered on the surface with a green compound, V*C)*,2SO^, which is insoluble in 
water ; and under this is the red crystalline compound, V*C)*,3SO*, This latter salt 
aljiorbs water from the air, forming a red syrup, which, on addition of water, is de- 
compost, vanadic acid separating out. The separation of the two above-named 
sulphates is effected by heating the mixture with dilute nitric acid, V*0*,2S0< remain- 
ing undissolved. 

V*0*,3S0* is also formed by boiling the pentoxide in sulphuric acid, and separates 
in ruby-red transparent octohodrons ; but if the boiling bo continued for some time, it 
crystallises in golden-yellow needles. The simultaneous formation of V*0*,2S0S and 
the rapidity with which tli6 trisulphato absorbs moisture, render its preparation and 
analysis dilRcult. 

8olutioiis of V*0* in excess of sulphuric acid, heated for some time at 130°-150°, 
yield an opaque red crystalline crust, which Fritsche regarded as‘^*0^H*0,2S0* 
(Jahresb. 1851, 35), but which, according to Gerland, is an impure anhydrous ^isul- 
phate, V*0*,2S0®. This ha.*iic sulpha. ;>is, however, more readily obtained by heating 
the normal salt (V*0*,3S0*) at the tempers ture of melting load, until sulphuric 
anhydride oeasos to be expelled. Thus prepared, the basic sulphate is a rod crystal- 
line mass, doirquescing in moist air to a brown soi^ution, which, on dilution with 
water, yields a precipitate of vanadic oxide. 

Dialysis of a Solution of Vanadio Acid in Sulphurw Acid,—\, When a solution of 
V*0* in hot sulphuric aciil is diluted with water, and dialysed into water, sulphuric 
acid at first diffuses out rapidly, and a solution is left iu the dialyser, containing 
vanadic acid and sulphuric acid in the proportion of 3 molecules of the former to 
1 molecule of the latter. If the diffusion be continued for some time, the dialysed 
product contain| vanadic acid and sulphuric acid in the proportion of 2 molecules to 
1 molecule. » 

2. When a solution of V*0* in cold sulpliuric acid is dialysed into water, the 
sulphuric acid diffuses out, and vanadic acid separates in the dialyser, whilst the liquid 
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contains sulphuric and vanadic acids in the proportion qf 1 molecule to 1*32 mole^le. 
•This difi&rence in the two cases appears to be due' to the fact that the cold soluxion 
contains only a molecular compound of V®0^ and H^SO', whilst the solution prepared 
by the aid of heat contains the atomic compound y^0%&0*y. 

Double Calculatedquantitiesof V-0'**(S0^)* aiidK“SO* dissolved in water 

and mixed, yield, on heating to a blood heat, amber-coloured crystals, grouped in trans- 
parent or turbid nodules. The crystals Inive the composition K‘-*0,V‘''0^2S0* + GH-'O, 
and are decomposed by water, with liberation of vanadic acid as a^rown mud con- 
taining some potassium. «. 

Ammonium sulphate forms a double salt*similar to the potassium double, salt, 
having the composition (NII^)'“0,V20*,2S0* + 4H"(). It crystallises in nodular masses 
formed of needles grouped together, and dissolves in water without separation of 
vanadic acid. The sulphates of sodium and magnesium do not form double salts with 
vanadic sulphate. 

Meiamnadw Acid^ VO'‘H. — Gerland {Chem. News^ xxxiv. 2) prepares this acid by 
mixing a cold saturated solution of copper sulphate w'itli a strong solution of ammo- 
nium chloride in largo excess, then adding ammonium vanadate in saturated solution 
till a permanent i^:)recipitate appears, and slowly heating the mixture to 76°, when 
gold-like scales of vanadic acid form and continue to do so for some hours. The pre- 
cipitate is collected, treated with dilute sulphuric and sulphurous acids, then washed 
with water and dried, but it still rebiins traces of ammonia. Metavanadic acid may 
also be obtained by precipitating ammoniium vanadate with a copper salt, separating 
the precipitated cupric vanadate, and warming the remaining solution. The acid 
thereupon separates and may be purified from copper by jjyclrochloric acid. 

Metavanadic acid is highly hygroscopic, suffers nc^ change at 160°, but loses its 
water at higher temperature.s. The filteito from the copper vanadate, if kept for ten 
days, remains clear on boiling. The original liquor evaporated in a thin layer at low 
temperature, leaves a crystallitie residue, forming with cold water a clear solution 
which, when heated to 76°, deposits metavanadic a(?id in scales. 

Vanadates. The following vanadates have been examined by J. A. Norblad 
(JBer, viii. 126). 


K^0,V20*|k . . . lenticular crystals. 
K20,V-0* -f 2110 . capillary ne^les. 
2K’*0,V'*0® + 3H'-0 . monoclinic. 
K“0,2V'-0* + 411-0 orange red. 
2(K^0,2V-0*)-h7H'*0 lamime having a 
golden lustre. 

K“0.3V20^ 


K20,3V-0!‘ + ClTO . . insoluble. 
Na'^0,V-0\ 

Na'‘‘0,V20» + 4H20. 
2Na-0,3V-'0»-f9H-0. 

Na’-’0,3V-0* + 9H'-0. 

Li-'0,2V-0* + 9H‘'0. 

(NH*)’'0,3V20*. V. Hauer’s salt with 
fill'^O (v. 990) was not obtained. ^ 


Ammonium V anadiate , — This salt, when precipitated by ammonium chloride 
Arom a solution of sodium vanadate, is obtained pure and free from fixed alkali, 
whereas when a potassium salt is used, a certain portion of potassium vanadate 
always goes down with the precipitate (Gerland, Chem, News^ xxxvi. 29). 

The reactions of ammonium vanadate with various organic substances of technical 
importance have been examined by H. v. Wagner {Dingl, ^ol. J. ccxxiii. 631). 

With tannin-solution this salt forms a blue-black precipitate, which remains sus- 
pended in tho'liquid for several days, making it like ink. A similar precipitate is 
formed w'ith ffoilic acid, but it settles down more quickly. Pt/ro^allol forms no pre- 
cipitate, but a deep iblack-bluc liquid excellently adapted for use with steel pens. 
Machrin in aqueous solution also fornm ado(<p black liquid with a greenish tinge; 
catechol reacts in like manner. Hamatoarylin yields a deep black-blue liquid, which 
‘may be used as ink. With solution of logwood-extract and ammonium vanqdate, a fine 
black colour may be produced on wool or silk, by the usual dyeing process for woad- 
or chrome-black, the chroraatA being replaced by vanadate. Extract-solutions of 
lirazil-wood produce with the vanadate at boiling heat a black-brown dyeing liquid ; 
pure brazilin acquires oidy a dark violet colour. A decoction of fustic forme with 
the vanadate a blackish-green ink. The vanadate solution produces no coloration 
with phenol, salicylic acid, resorcinol, quinol, ciiffeine, oosin, or fluorescein. Lastly, 
Wagner recommends ammonium vanadate for detecting the addition of tannin to red 
wines, which when thus adulterated produce inky liquids, vith pure wines 

only red-brown colorations are obtained. ^ ^ 

Silver Vanadates . — An octovanadate, Ag^W'O'-*®, is obtained as a dark yellow 
precipitate on adding silver nitrate to a solution of the corresponding sodium salt. 
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‘’i5p. gr. = 6-67 at 18®. One.part of it dissolves in 21,414 pts. water at 14®, in 13,617 
at 160®. The 'pyromnodai^ Ag^V-0’, is obtained, likewise by precipitation, from 
the corresponding sodium salt. 

Sodium Vanadates. — The octovanadate, Ag'-V^O*®, with 4 or 12 mol. H-O, is 
formed by fusing 5 mol. sodium carbonate with 4 mol. vanadium pentoxide. On dis- 
solving the melt in water, evaporating the solution to a syrup, and leaving it at rest^ 
for some time, the salt is obtained as a crystalline mass slightly soluble in cold water 
(Caniolley). | 

Thallium Vanadates. (Carnolloy, Chem. Soc. J. xxvi. 323).— These salts 
for the most part diift r greatly in character from the phosphates of the alkali-metals 
and of thallium, and are more lu'arly allied to the vanadates of silver and lead. 
Thallium orihovanadate, Tl^VO*, is fornuid by fusing together at a moderate heat 
3 mol. thallium carbonate and 1 mol. vanadium pentoxide, a red mass being thereby 
produced, which yields a light brown powder. The salt lias a sp. gr. of 8-6 at 17® ; 
it is but slightly soluble in water, although it is tlie most soluble of all the thallium 
vanadates. It dissolves in 999 pts. water at 16°, and in 574 pts. at 100°. The 
pyrovanadatBy THV'-O^ is obtained as a light yellow precipitate on mixing the cold 
solutions of thallium sulphate and sodium orthovanadato, the liquid at the same lime 
becoming strongly alkaline : ‘ 

2Tr“S0‘ + 2Na»V0‘ = TIW-O" + 2Xa=S0‘ -1 Na‘-(). 


The same salt is formed by fusing 2 mol. thallium carbonate with 1 mol. V-0*, or 
2 mol. thallium carbonate with 1 mol. thalMum oetovanmlate : 

2T1-CO* + TP-V-O-® 4Tin-«0''\ 2C0‘^. 

rhallium pyrovanadato is a*ligfit yellow or cream-coloured powdor ; the sp. gr. of tho 
precipitated salt at ]8'5° is 8-21 tli.-.t of the salt obtained by fusion is 8-812 at the 
same temperature. 1 pt. of tho salt dissolves iiv 4,096 pis. water at 14°, and in 
3,840 pts. at 100®. Thallium octovanadate, T1‘-V"0*“ or 6T1-(),4V‘‘^0^ analogous to 
h'leitioann a. llenneberg’s sodium octophosphato (v. 637), is prepared by boiling a 
solution of sodium pyrovanadato, leaving it to cool, and then adding a cold solution 
of thallium sulphate as long as a precipitate is formed. It has a peat resemblance 
to silrer chloride, but changes on standing, especially if the precipitate bo stirred, 
into a fine dense yellow powdor. Tho filtrate cont,ains caustic soda, that the re- 
action may bo represented by tho equation : 

6Tl=SO* -h 4Na<V"0^ == ^ eNa'^SO* + 2Na=0. 


,Sp gr. 8-59 at 17'5®. 1 pt. of tho salt dissolves in 3,406 pts. water at 8-59®, and in 
3,633 pts. at 100®. Thallium decavanadate, Tl'-V*«0«, is formed on adding thallium 
sulphate to a boiled and cooled solution of sodium pyrovanadato containing an excess 
qf vanadium pentoxide, and separates as a white precipitate, becoming light yellow 
on addition of a larger quantity of thallium sulphate. The filtrate contains free soda. 
Tho^lt forms a light yellow powder, having a sp. gr. of 7-«6 at 17°. One part 
of it dissolves in 9,372 pts. water at 11° and in 3,366 pts. at 100^ Thallium mHa- 
vanadate, TIVO*, olitained by fusing 1 mol. thallium carbonate with 1 mol. V'‘0», 
is a dark-coloured, scaly, crystalline mass, yielding a slate-grey powder. Sp. gr. 
6*019 at 17® One part dissolves in 11,534 pts. w-ater at 11®, and in 4,766 pts. at 
100°. TetradeeavanadaK Tin^'H)*'. When thallium sulphate is added to a solution 
of ammonium motavanatlate, a yellowish precipitate is formed, which gradu^ly be- 
comes darker, and changes on standing into a dirty white crystalline powder, which on 
addition of more thallium sulphate, or spontaneously after somc#timo, acquires a 
reddish colour. This product is the tetradecavamuiato. The t.inio salt is obtained on 
adding an excess of tliallium sulphate to a solution of the dccavanadate. • 


Native Vanadates. Mottramiie, a ba..ic vanadate of copper and lead, occurring 
in cpvstdfino or amorphous incrustations on the keuper sandstone of Alderioy IMge 
and Mottram St. Andrews, Chosliiro, lias boon analysi,‘d by H. h.. Koscoe (I^oc Roy. 
Soc XXV 111) The layers, which are for tho most part only 3-4 mm. thick, and 
themore* rarely occurring lumps of the size of a walnut, are either red-brown, opaque, 
and massive, or are made up of very small needles, black by reflected, yellow by 
transmi I tt d light. Tho direct results of analysis are given under Nos 1 and 2, the 
mean under No. 3 ; No. 4 gives tho corrected values, after deduction of adventitious 
cooBtituonts, and N(H. 8 the values^calcukted from the formula 


(Pb,Cu)’V=0» + 2{Pb,Cu)(OH)«. 
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V*0“ 

PbO 

CaO : 

FeO,ZnO,MnO CnO 

VgO 

po 


SiO* 

1 (found) 16-78 

50-49 

16-72 

2-52 

2-61 

0-37 

3-63 

0-22 

0-87 

2 „ 

17-49 

61-46 

18*48 

2-52 

1-64 

0-16 

3-63 

0-22 

1-26 

3 (moan) 

17-14 

60-97 

19*10 

2-52 

2-13 

0*26 

3-63 

0-22 

1-06 

4 (corr.) 

18-87 

56*12 

21-02 

— 

— 

— 

3-99 

— 

— 

5 (calc.) 

18-74 

57-18 

20-39 

— 

— 

— 

3-69 

— 

— 


= 97-21 

= 96-84 

- 97-03 

- 100 
= 100 


0) Hygroscopic. 


Another vanadate of copper and lead, called Psittacinite, occurs in dnch-green, 
occasionally botryoi’dal crusts on quartz, accompfinying gold, cerussito, copper-pyrites, 
and brown hromatite, in several mines of the Silver Star District, Montana, especially 
the Iron Road and New Career mines. Its analysis by F. A. Genth {SUl. Am, J. [3 j, 
xii. 35) leads to the formula 3(3Pb0,V20*) + 3Cu0,V'‘'0‘» + 6(Cu0,IP0) + 12IPO, the 
values calculated from which are given below (No. 6) : — 



PbO 

CnO 

V»0‘ 

11*0 

SiO* 

Al*0» 

Fe*0* 

MgO 

CuO 

1 (found) 

41-36 

14-34 

14-64 

7-42 

151 3 

1-29 

2-72 

undet. 

undet. 

2 M 

60;17 

16-06 

19-05 

iindet. 



7-60 





3 „ 

42-89 

14-72 

15^87 

undot. 

10*10 

3-83 

219 

6-65 

015 

4 „ 

27-12 

9-75 

9-96 

undet. 



48-84 



5 „ 

6 (calc.) 

42-38 

15-03 

15-77 

f25 

15-57 


4-bo 


53-15 

18-95 

19-32 

Toi 

— 

— 

r 

~ 

— 


Volborthitef a vanadate occurring at Woskresowskoi, in thegovernmont of Perm, 
Russia, as a crystalline coating on tho granules and in the cavities of an argillaceous 
quartz-conglomerate, has been {^nalysed by Gentli' (ZeiVivAr. /. Kryst. ii. 12), who 
refers the analyses (1 and 2), after deduction of impurities, to tho formula 
(JBa,|Ca,JCu)*V‘^0“ + 3CuH-0 + 1 21120 (No. 3), closely related to that of psittacinite. 


SiO’ A1»0» Fe»0* 

(1) 1-38 4-45 1-77 

(2) 1-36 4-78 0-45 

(3) - - - 


MgO 

CuO 

CuO 

3-01 

34-04 

4-29 

1-42 

3801 

4-49 

— 

38-41 

677 


BaO 

V*0* 

H*0(«) 

4-29 

13-62 

33-15 

4-30 

13-59 

#31-60 

617 

19-63 

2902 


(*) Determined by difference. 


Soscoelite. — This name has boon given by J. Blake (Sill. Am. J. [3], xii. 31) to 
a mineral found in a gold-mine at San Francisco, where it servos as a matrix for gold. 
It occurs in radiating and foliated talc-like masses, filling cavities in a schistose por- 
phyry. It is of a greenish-grey colour, opaque when seen in mass, but translucent in 
thin splinters. Lustre subvitroous to fatty ; hardness about equal to that of talc ; 
specific gravity = 2-902. • 

Two analyses gave the following results : — ^ 


* 

SiO* 

v«o» 

A1»0* 

Fc*0“ 

Mn«0» 

MkO 

CaO 

K*0 

Na*0 

TI*0 

(1) 

41-25 

28-85 

14-34 

1*04 

1-45 

1-96 

•61 

8-25 

0-72 

0-94 

(2) 

— 

28-36 

13-94 

1-23 

0-85 

2-06 

•62 

8-87 

0-92 

1-22 

Moan 

41-25 

28-60 

14*14 

1-13 

1-15 

2-01 

•61 

8-56 

082 

1-08 


These numbers lead to the formula 2(A1*0'’,V’*0'J f 2K*0,9Si0* + H*0 or 
4AlVO^-j-K^Si®0*®-t-ir-(), a portion of tho alumina being replaced by tho sosquioxidos 
of iron and ma^anese, and a portion of the potash by lime, magnesia, and soda 
(lloscoe, Proc. iSty. S(iy. xxv. 109). See also Genth, Chem. News^ xxxiv. 78; Chem, 
Soc. 176. ^ 

Fluohoxyvanadatks (H. Baker, Ch€?n. Soc. J. xxxiii. 388). Laminar Potassium 
Fluoroc^mmdaie, 6KF,V='0*,2V0F* + 2H*0, is obtained by dissolving .vanadium 
pentoxide in acid potassium fluoride, the dissolution being attended with rise of 
temperature, and separares fron# the liquid on cooling in yellow crystalline spherules 
made up of groups of small hexagonal tablets, its aqueous solution has a deep 
yellow colour. 

The msdle-shaped potassium salt, 3HKF'^,2VOF^ is formed on dissolving the 
preceding salt in warm aqueous hydrofluoric acid, and separates in tufts of long 
slender needles, which smell of hydrofluoric acid, attack glass quickly, and are decom- 
posed with etforvesconco by cold sulphuric acid. * * 

Ammonium Fluoroslyyanadates are easily formed by dissolving vanadmm pentoxide 
in acid ammonium fluoride. Tho solution, if rich in vanadium, does not crystallise on 
standing, but on addition of an excess of hydrogen-ammonium fluoride deposits 
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iiiintly yellowish, nacreous, translucent, extremely thin hexagonal laminae of Jjamitiar 
A<n'nwiiium Fhwroxyvana^^e. ,Jts aqueous solution, mixed with a larger quantity of 
liydrogen-ammonium fluoride, yields a light yellow crystalline precipitate of Pyra- 
midal Ammonium Fluoroxy vanadate. This salt has a yellow colour, very much like 
that 'of potassium flionochromato, an<l approximates in crystalline form to the regular 
octohedron, hut its behaviour to polarised light shows that it does not belong to tho^ 
regular system. By dissolving it in warm hydrofluoric acid, and leaving the solution 
to cool, Needle-shaped Ammonium FUioroxyvanadate^ 3(NH^)HF* 3VOF*, is obtsiined 
in light ycllo\^ needles or prisms, which smell of hydrofluoric acid when dry, ejffervesce 
witli cold sulphuric acid, and when hid on glass acquire a reddish colour, with sepa- 
ration of vanadic acid. Ammonium Fluoroxyhyjmanadate^ 2NII^F,VOF®, is obtained 
by adding hydrogen-ammonium fluoride to vanadium tetroxide prepared bypassing 
hydrogen sulphide into a solution of the pontoxide in hydrofluoric acid. It then 
separates in clear blue monoclinic crystals, exhibiting the combination oo P . OP. often 
with an indication of I P. Axial ratio, a : A ^0*9653 : 1. Axial angle, 38® 2'. The 
aqueous solution is precipitated by alcohol. The salt is not attacked by cold sulphuric 
acid. 

Ziiw Fluoroxyvanadate, /nb'*,Zn(),2VOF®+ 141PO, is formed on dissolving 
zinc carbonate and vanadium pentoxido in the calculated proportion in hydro- 
fluoric acid, and separates on evaporation in hard yellow monoclinic prism^i 
00 F. GoPoo . GoPoo . OP . +Pqo, and having approximately the axial ratio 
a \h \ c- 0'93 : 1 .* 0*83, and the axial angle 46®. On exposure to the air it decom- 
poses slowly, becoming covered with a browy^i to light red film. 

VAirXIiliA. Tiemann a. Haarniann (Tier, ix. 1281^) have found the following 
proportions of vanillin»in diflrerent sorts of vanilla: Mexican, 1*32 to 1*86 per cent. ; 
Bourbon, 0’7o to 2 9 per lont. ; Java, 1*56 to 2*76 per cent. These vanillas also 
contain vanillic acid, a small quantity of fat, and a resin having a very faint odour. 
The benzoic acid, said by former* investigators to 1 i)resent in vanilla, was pro- 
bably A'aiiillic acid. The aroma of the v<'i.nil1as aboYc-mentioned is due entirely to 
vanillin. The West Indian variety called vanillone exhibits different characters, its 
odour strongly rcscmhliug that of a dilute solution of piporomil. It contiiius from 
0*4 to 0*7 por cent, vanillin, to which there obstinately adheres an oily substance, 
probaJ>ly another aldehyde ; the oil absorbed from it by bibulous paper smelt not like 
piperonal, but like bitter almond oil. The vanillic acid prepared from vanillone wa.s 
contaminated with another substance, probably benzoic acid. The heliotropc-liko 
odour of vanillone is perhaps duo to vanillin mixed with a small quantity of benzal- 
dehyde. The aqueous extract of vanilla pods previously exhausted with ether reduces 
Fehling’s solution, and deposits on boiling a yellow resin : hence it is probable that 
the water extracts a ghicosido which is concerned in the formation of the vanillin. 

On the origin of vanilla, its commercial varieties, and their preparation for the 
market, see Pharm.J. Trans., 1874. 

* On the estimation of Vanillin in Vanilla, see p. 306. 

VAirZDbXiZC or METB’YXiPBOTOCATfiCHVZC ACZB, 

13 4 , 234 

= C‘'H»(CO'‘'Il)(OClI’'X011), and IsovanilliG acid, C»IP(CO‘«H)(OH)(OCIP). See 
Bknzoic Acids (Dioxy-), p. 289, and Pbotocatechoic Acid, pp. 1691-1693. 

Vanillic acid may bo obtained by oxidation of creosol, (p. 680). Pure 

crcosol (1). p. 220®) is converted by boiling with acetic anhydride into acotyl-creosol 
(1). p. 245®) ; this latter compound suspended in dilute acetic acid is treated with 
solution of potassium permanganate (1 : 10) ; and the liquid, filtered from manganese 
ilioxide, is mixed with a slight excess of caustic soda (to decompose aceto-vanillic 
acid), then concentrated, acidulated, and agitated with ethei*, which takes up the 
vanillic acid (Tiemann and ^Aleiuielsi hn, Per, ix. 417). 

Alphahomovanllllc Acid, and its Derivatives (Tiemann <*i. Nagai, 

Bcr, X. 2(Jl). 

Acet-alphahomovanillic acid, C‘*IP(OCIP)(OC-ir"0).CH-.COOIT, is formed, 
together with acetovanillic acid, on adding gradually a warm solution of 60 grams of 
potassium permanganate in 2,000 c.c. of water to a solution of 16 grams of acetou- 
genol (p. 762) in 20 c.c. of glacial acetic acid. It crystallises in transparent prisms, 
which dissolve easily in boiling water, alcohol, and ether, and melt at 140®. AVhen 
heated above its meriting point for some time, it gives off acetic acid, and yields 
alphahomo vanillic acid. By prolonged fusion w'ith potassium hydrate, it is converted 
into protoc.at(IChuic acid. Its solution in ticetic acid is converted by oxidation with 
potassium permanganate into acetovanillic acid. 

AlphahomovaniUio acid, C*H^(OCIl*)(OH).CH''*.COOH, is formed, as above 
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stated, when a solution of acet-alphaliomovanillic acid in soda-loy is heated for somL 
time. It crystallises from' boiling "water or bonzon* inf distinct hexagonal prisiifs, 
which molt at 142®-143° and dissolve easily in alcohol and other. Its aqueous solu- 
tion is coloured green by ferric chloride. The acid forms crystallisable and easily 
soluble ammonium, sodium, calcium, and barium salts, and sparingly soluble lead, 
silver, and zinc salts, in whicli the hydrogen of the carboxyl-group of the acid is re- 
placed by the respective metallic radicles. It appears also to form another class of 
salts, in which the hydrogen of the hydroxyl in the benzen tv-residue is likewise 
replaced, but these are obtained with difficulty. Solutions of the alktili-salts do not 
reduce Eehling’s solution. ^ « 

Crcosol {homogtiamcol)f C'’*II*(CII*)(OClI*)(OII), one of tho constituents of bcech- 
wood-tar, is formed by elimination of carbon dioxide, when tho calcium salt of 
alphahomovanillic acid is mixed with calcium hydrate anil sand, and submitted to dry 
distillation. It is more easily obtained in the pure state by this process than by 
treatment of tho tar, which yields it only with extreme difficulty. 

Alpkahoynoprotocalechuic dcidt C'‘II®(OH)“.CH’^.COOH, is formed when alphaho- 
movanillic acid is heated to 170®-180® with dilute hydrochloric acid in sealed tubes. 
It crystallises in ^^rilliant transparent needles, which melt at 127° and dissolve 
e.asily in water, alcohol, and ether. It yields well-characterised crystallisable salts 
by* substitution of metallic radicles for the hydrogen of tho carboxyl-group. Basic 
salts also are formed by tho further replacement of hydrogen in the hydroxyl-group, 
but they appear to be unstable. 

The calcium salt of alphnhomoprotocjltochuie acid, when distilled with calcium 
hydrate, yields homocntlichol, C®}I®(CI1®)(01I)-, a thick, colourless, uncrys- 
tillisablo liquid which dissolves in water, alcohol, ether,* and benzene, and in its 
chemical properties closely resembles catechol. * 

1 3 4 * 

VA»XZ.Z.Zir, C«H«O* = C«.0IOII.II.OCIP.OH.K2. McthyUproiocatcchuic AUh- 
(p. 305).-' This compound is a constituent of Siamese benzoin. To prepare it 
therefrom, 2 pts. of tho finely pulveri.scd resin arc stirred up to a paste wlw 1 pt. of 
slaked lime, and 12 pts. of boiling water are added with constant agitation. Tho 
acidulated solution, separated from benzoic acid, yields to ether (together with a 
little more benzoic acid), vnnillin, and a compound which dissolves with yellow folour 
in alkalis. The vanillin is purified by means of sodium bisulphite. It crystallises 
remarkably well from light petroleum boiling at 90°. It molts at 81° (Jannasch a. 
Kump, Ber. xi. 1634). 

VilxrzXiX.OX>ZACSTOirAMZXrs, (Ileintz, Lichi^s Antiolen, 

cxciv. 63). This base is obtJiincd by boiling together equal parts of vanillin and acid 
diacetonamino oxalate in 10 pts. alcohol, W'hcreupon a fine powder .sc?parate.s, consist- 
ing of neutral vanillodiacetonamine oxalate, which may be separated from admixed 
ammonium oxalate by boiling with a small quantity of w’ater. Tho free bajib 
.separated from the solution of this salt by sodium carbonate is a thickish, yillow- 
green, uncrystallieable oil, Avhich dissolves with yellow colour in ether and alcohol 
and has a strong alkaline reaction. Tho mdphate -forms small thin rectan^lar or 
octagonal anhydrous laminae, insoluble in aUsolute alcohol, slightly soluble in dilute 
alcohol, more freely in boiling water. The hydrochloride forms granular masses 
composed of slender needles ; it dissolves easily in alcohol, and is separated from the 
solution by ether in small spherical granules destitute of crystalline structure. 
■With platinic chloride it forms a brown-red glutinous precipitate of a plaiinochloTidey 
which dissolves in hot alcohol but does not crystallise therefrom. Tho nitrate forms 
small geodes of ^ismatic crystals or roctangubir plates, moderately soluble in alcohol, 
not readily in water. When heated it melts, turns brown, froths up, and gives off 
yellow vapours. By boiling with strong alcolfol it becomes anhydrous and then 
forms a white pow'dcr. Tho crystallised salt conbiins 1 mol. water, which is easily 
expelled at 100°. Tho aiihydrous salt is less soluble in alcohol than the* hydrated 
salt. Tho normal (txalate (supr^i) forms a white powder or yellowish crystalline 
crusts, slightly soluble in w'ator, insoluble in alcoliol and ether. 

VAirZUTZi A.:LC0B0Z., C»II»»0» = C«CH'^OH.II.OCU».OII.lI* (pp. 305, 
1692). 

VBP01TR->]lSIffSZT7. Numerous methods of determining v.^pour-deusities 
have recently been proposed, but tlie only one that need be described in detail is that 
of V. and C. Meyer {her. x. 2253). This method 'consists in frroppi^ a weighed 
quantity of. substance into a heated bulb, and calculating the result /rom the volume 
of air displaced. Tho apparatus used is represented in figs. 50, 61. The bulb is a 
cylindrical vessel of about 100 c.c. capacity, with a height of 200 mm., to which is 
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fvsed a tube 600 mm. long and 6 mm. diameter, and terminating above in a thimble- 
shaped enlargement. The side exit-tube, ivhich is 1 mni. diam. and 140 mm. long, 
is i-ent at an angle downwards, incurved at the end, and joined to the vortical tube at 
a distance of 100 mm. from the top. For temperatures up to 300° it is heated in a 
glass tube 40 mm,, diam. and 620 mm. long, which terminates below in a bulb of 
about 80 C.C. capacity (fig. 60). For higher temperatures the glass tube is replaced 
by a cylindrical iron vessel (fig. 61), 60 mm. diam. and 240 mm. high, containing 
melted load. In this case the bulb must bo protected by wire gauze. The mode of 
working is the following: — The instrument, into which a little w’elbignitod asbestos 
has been introduced, is fixed in position in the bath, the end of its fine tube dipping 
below theVater in a small trough in \;hich a graduated tube filled with water stands 


Fio, 60. 


Fio. 51. 


Fig. 62 . 



inverted. A cork is now inserted into the cnlargomeiit at the top of the vertical tube, 
and tlie extremity of the exit-tube is watched to .see that the temperature in the bulb 
is uniform. The cork is now taken out, tlie little tube with the substance is 
in, and the cork is quickly replaced. The first few bubbles of air are not heeded but 
immediately afterwards the inverted tube is placed quickly over the point of the 
dcliverY-tubo. Very soon the substance is vaporised and displaces air, which issues 
in a rajiid stream of bubbles into the graduated tube. As soon as the gas evolution is 
over the cork is removed, and the air collected is cooled and measured. The formula 
given is 

W'eight of substance 
weight of air collected 


D 


(It must, however, he obsorved that no allowance is made for the volume of tno sub- 
stance.) For temperatures above a red heat the following method is employed (5cr 
xii. 1112) -.—The substance is contained m a small cup made from the stem of a Dutoh 
pipe. The vessel in which the determination is made is of gbizod porAjlam ; it is first 
cautiously heated in an ordinary muffle faruaco, and then transpired toa muffle hoaed 
by a Perrot’s ^s-furnace (fig. 52 ). 11 to introducing the substance the air Jn the 

•"■FnJ’dSsis 

at a red heat, Moyer a. /fiblin (Ber. xii. 2204) use the 

cclain tube (glazed inside and outside), 00 c-m. long, is placed vcrticaUy m tho Poirot s 
gas-furnace, io that while the centre is heated the two 

this tube is inserted the platinum vapour-density hulh. Ihis consists of » 

226 mm. long by 26 mm. diam., to which is attached a platinum tube 400 mm. long 

^ irMeyor?/?-w. xiit. 991) adds a contrivance for dropping the substance 
cork has been inserted. J. Piccanl (Bcr. xiii. 1079) has proposed another method of 
inserting the s^strfiiice, and modified tho arrangement for measuring the air. A new 
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lead bath for high temperatures is described by Watson Smith (jChern. Soc. JL 
1880, xxxix). . 

The following are recently proposed modiiicaliOn& of Hofmann’s appara^s 
(vi. 1127): 

Grabowski {Ber. viii. 1437) uses naphthalene as the heating medium. Englcr 
{ibid, ix. 1437) modifies the apparatus in such a manner as to avoid the occasional 
stoppage of the outlet tube. Hofmann {ibid. 1304) also has modified his apparatus, 
so as to diminish the risk of cracking the tubes and obviate the necessity of having 
the inner one graduated. Briihl {ibid. 13C8 ; Motiit, scient. Jan. 187£, 14 ; Ber. xii. 
197) uses an inner tube 1*6 mm. long, and to eliminate the tension of mercury-vapour 
heats the column to the required temperature, notes the height, leaves it to cool, then 
introduces the substance, and heats it tigain to the same temperature. Muir a. Sugiura 
{Chci?i, Soo. J. xxix. 140) insert short glass tubes into the india-rubber disc, to allow 
free egress to the mercury during the ht?ating. Victor Meyer {Btr, ix. 1216 ; Monit. 
scient: Jan. 1878) uses fusible metal in a bulb with a curved outlet-tube attached to 
the bottom. His experiments were all made in the vapour of boiling sulphur. 
Perrenoud {Liebig's Annalen, clxxxvii. 77) heats the bulb in an oil-bath, while Kuecht 
{ibid. ccii. 31) and Graebe (Bcr. xi. 1 646) use a bath of boiling phosphorus penUi- 
sulphido. Prerichs {Liebig's Annalen^ clxxxv. 199) uses an inverted fiask and brings 
the outlet through the bottom of the bath. Goldschmicdt a. Cianiician {Ber. x. 641 ; 
Mmit. scient. Jan. 1878) use mercury with the simpler bulb of V. Meyer, but a<ld a 
small side-tube to the outlet. V. Meyer {Ber. x. 2068) modifies the shape of the bulb 
and heats it in a tube of sufficient length for the upper part to serve as a condenser. 
Thorpe {Chem. Soc. J, 1880, xxxvii. 1 47)* nifikes the Hofmann apparatus much stronger 
and more compact, and contt jIs the level of the mercury in tho trough by moans of a 
tube pa.ssing through tho bottom and connected with a ivovi.ble reservoir. Bell a. 
Teed {Chem. Soc. J. xxxvii. 576) eliminate the atmospheric pressure in Hofmann’s 
apparatus by attaching a side-tube, sealed at the top, which serves as a barometer. 

Modifications of Dumas’ mq^hod (v. 368) haVe been described by Habomiann 
{Liebig's Amialetit clxxxvii. 341) and by Pettersson a. Chatrand {Ber, xiii, 1191). 

Koscoc {Broo. Hog. Soc. xxvii. 426) determines tho vapour-densities of high-boiling 
substances, such as tho clilorides of load and thallium (pp. 1170. 1920), by volatilising 
them in a long-necked flask of glazed porcelain heated to bright redness in a mullle, 
the temperature of the flask being estimated calorimetrically by moans of p^itiniiiu 
weights, likewise introiiuced into the muffle, and tho result checked by the simul- 
taneous heating of a second flask containing mercury. 

Pfaundler {Ber. iii, 825 ; xii. 165) describes a method based on the increased 
tension of the air in an elongated bulb, consequent on the application of heat after the 
introduction of the substance under examination. Another metlwxl, depending on the 
same principle, is described by Dulong {Conipt. rend. Ixxviii. 536). Hofmann {Ber. 
xi. 1 684) proposes to heat the weighed substance over mercury in the closed limb of 
a V-tube ; he also describes a method based on heating the substanco in a partially 
exhausted tube. ♦ 

An acoustic method of determining vapour-densities, founded on the tone produced 
ii> a tube filled with the vapour, as compared with that produced in the same tube 
filled with air, has been proposed by H. Goldschmidt {Ber. xiii. 770). 

Alleged Dissociation of Elements at High Temperatures. — From experiments on the 
Viapour-densities of chlorine, bromine, and iodine at high tonipcraturcs made by their 
method above described, V. and 0. Meyer {Ber. xii. 609, }195, 1282) inferred that 
these elements undergo dissociation at high temperatures, the densities of their 
vapours being reduced to | of their normal values. This result appears to be 
established in the case of iodine, but in that of chlorine it has been admitted by 
V. Meyer himself to Jr-e due to some unexplained experimental error. See Carnelley 
{Ber. xii. 1836); Seelheim (ftiid, 2066); Lieben {fbid. 2259) ; Crafts {Ber. xiii. 423, 
776); V. Meyer xii. 2202; xiii. 813, 1010, 1103); Meier a. Crafts {Ber. xiii. 
851); Naumann {ibid. 1050); Troost {Compt. rend. xci. 54) ; Borthelot {ibid,Tl)\ 
Crafts {Ber. xiii. 1316) ; Devillo a. Troost {Compt. rend, xci. 83) ; further,* C’Ae/w. Soc. 
J. 1880, xxxviii. 21*4, 431-134, €06, 646, 788. 

J. T. B. 

VAKZSCXTS. This aluminic phosphate from Massbach, in Saxony, described 
by Breithaupt as amorphous (v. 994), is, according to Petersen {Jahrb.f. Min. 1871, 
353), crystalline, and contains : 

APO» F«»OX') CaO MgO I£»0 

44-05 31-25 1-21 0*18 • 0*41 22 85 -- 99-95 

(*) With Cr»0". C 

These numbers agree with the formula Al*0®,F‘'0^-f 511-0, which is also that of 
turquoise. 


V 
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\ A mineral from Montgomery County, Arkansas, hitherto regarded as peganite, 
hag been recognised by A. K Chester {Sill. Am. J. [3], xiii. 295 ; xv. 207) as variscite. 
ItVoccurs in quartz, so intimaWly intergrown that it cannot be completely separated. 
It is emerald-groen, bluish-green, or colourless, sometimes apparently amorphous, 
but occurs also in yadio-fibrous spherules, and even in rhombic crysbils 3 mm. in 
size, and exhibiting the combination ooP.ooPoo.oofoo.OP. Angle ooP • ooP= ^ 
114® 6'. 

Amdyses.—l. Amorphous variety. 2. Crystalline in both cases after deduction of 
quartz. 3. V^ilues calculated from the formula AP0*,F-'0^ + 411*0 : 



piQ* 

,A1»0* 

H*0 


1. 

43-96 

32-24 

23-80 

100 

2. 

44-76 

31*46 

23-80 = 

100 

3. 

44-80 

32-49 

22-71 = 

100 


VATBRZA. See Pinet Tallow (p. 1630). 

VB6BTABBB TZSSVBS. The chemical study of vegetable tissues has 
hitherto received but little attention, and no general method, such as is used in 
mineral analysis, has been applied to their separation and estimation. Such a 
method has, however, lately been devised by Fr6my {Compt. mM?.yxxxiii. 1136), and 
the following bodies have boon thereby distinguished in the principal tissues of vegp- 
tables: Cellulose bodies (cellulose, paracellulose, metacelluloso), Vascidose^ Cutose^ 
Pectoset Calcium pectate^ Nitrogenous substances, and various mineral compounds. 

Cellulose Bodies . — In this class are included those bodies which dissolve without 
coloration in bihydrated sulphuric acid, (S0*fl*+H*0), ppjducing dextrin and sugar, 
which are not sensibly altered by alkaline solutions, and resist for a long time the 
action of strong oxidiserfi. 

By means of the ammohio-cupric reagent, three varieties of cellulose may be 
distinguished : • 

(1) Cellulose, which dissolves immediately in tlL vUipric reagent, and forms a 
large part of cotton and of the utricular tissue of certain fruits. 

(2) Paracellulose, which does not dissolve in the cupric reagent until after the 
action of acids ; it forms the utricular tissue of certain roots and the epidermis of 
leaves. 

(3) *Metacellulose (fungin), insoluble in the cupric reagent even after the action 
of acids ; found chiefly in agarics and lichens. 

In the analysis of vegetable tissue, the first variety of cellulose is determined 
directly by means of the cupric reagent, the second in the same after being submitted 
to the iiction of acids, and the third is dissolved in bihydrated sulpliiiric acid. When 
it is not required to distinguish these three bodies, the whole may be dissolved in the 
sulphuric acid. 

Vascuhse. — This substance constitutes the larger part of the ducts and spiral 
veAels ; it generally accompanies cellulose in plants, but differs completely from it 
in composition and properties. It contains more carbon and loss hydrogen thap 
cellulose ; and is the material which cements the fibres and cells together. It may be 
said to form the heavy part of woody tissue ; it abounds in hard wood and in the 
stony concretions of pears ; the shells of nuts and the stones of apricots contain more 
than half their weight of vasculosc. 

VasculoBo is insoluble jn sulphuric acid, and in the amnionio-cupric reagent, also 
in alkalis under ordinary circumstances, but when heated with alkalis under pressure 
it dissolves easily; it also dissolves in oxidising agents. Vasculosu can be separated 
from cellulose by sulphuric acid or by the cupric reagent ; but if ik is intended to 
weigh the cellulose, the vasculose must be dissolved in dilute nit#ic acid. 

Cutose constitutes the fine transpn^nt membrane which covers the exposed^arts 
of vegetables. It is insoluble in suipliuric acid, but dissolves in dilute solutions of 
the carbonates of potassium and sodium ; with nitric acid it produces suberic acid. 
It is separated from cellulose by the cupric reagent, and from vasculose by potash 
under ordinary atmospheric pressure. • 

P&jtose is insoluble in water, but is rendered soluble and transformed into pectin 
by dilute acids. It occurs in the utricular tissues of fruits and roots, and is estimated 
by heating with dilute hydrochloric acid, dissolving in water, and precipitating with 
alcohol. 

Calcium pectate forms part of the membrane which binds the cells together. It is 
estimated by treatment with dilute hydrochloric acid, which liberates pectic acid in 
the insoluble st^ ; this is dissolved in potash and reprecipitated by an acid. 

The nitrogemus'^bodies and the inorganic constituents are determined in the usual 
way. 

VoL. VIII. 6 T 
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The following is a summaiy of the method of analysis : 

Cold dilute hydrochloric acid decomposes the ^Icium pectate, setting free the 
pcctic acid, which is weighed as alkaline pectate. Boilmg dilate hydrochloric a^d 
changes the pectoso into pectin, which is precipitated with alcohol. The ammonio- 
cupric reagent dissolves the cellulose. Hot hydrochloric acid refiders paracollulose 
soluble in the cupric reagent. Sulphuric acid (bihydrated) dissolves the cellulose 
bodies. Hot dilute potash dissolves the cutoso. Potash underpressure dissolves 
vasculose. Dilute nitric acid renders vasculose soluble in alkaline solutions. 

t, 

VBlLBXi&A. The blue colouring matter of Velella Umbosa has been examined 
by A. and G. de Negri {Gasz, ehim. ital. 1877/219). It changes rapidly 'after the 
death of the animal ; is insoluble in ether, chloroform, light petroleum, and carbon 
sulphide ; dissolves sparingly in water, forming a liquid which is turned yellow by 
heating, red by acids, amethyst-coloured by alkalis. Neutralisation of the alkali by 
an acid docs not restore tlie blue colour. This colouring matter is totally distinct 
from that of murex and that of the aplypsise, and is spectroscopically distinguished 
therefrom by the complete absence of absorption-bands. 

VBWBRZTB. A copper ore, resembling chlorite in appearance, from the Jones 
mine, near Springiield, Berks County, Pennsylvania. It is usually very impure, but 
selectefl portions showed under the microscope thin transparent laminae mixed with 
quartz and magnetic iron ore. When separated as completely as possible from these 
substances it gave by analysis (after deduction of G‘22 per cent, sand): 

SiO* A1»0» PeO MgO CiiO n*0 

30*73 14*67 5-35 0*29 18*oo 17*68 12*83 - 100 

I • 

These numbers lead to the oxygen-ratio HO : RW : SiO**’: H^O^O : 4 : 6 : 4; but the 
homogeneity of the substance is open to some do'jbt (T. Storry Hunt, Jahrb.f, Min. 
1877, 837). " 

1 3 4 

VBBATBXC ACZB, C»H>«0< = C«H3(C02H)(0CH».)(0Cn»).— 
catechuic acid. See pp. 991 and 1691-1693. 

VBRATB171MI AZiRAZiOZBS. A. From the seeds of Ve%atrum 
Saba dill a. — The following bases from sabadilla seeds have been examined by 
Wright a. Luff. {Chem. Soc. J. xxxiii. 338) ; 1. Cevadine, C^H^^NO®, identical 

with the base called veratrine by Merck (v. 996), and by Schmidt a. Kdppen {Ber. 
ix. 1116). 2. Veratrine, identical with the base so named by Couerbe {Ann. CMm. 
Vhys. |2|, lii. 352), 3. Cevadilline, called Sabadilline by Wergelin a. Dragendorff 
{Jahresb. f. Pharm. xxxvii. 94). This alteration of the names of the three bases is 
made in accordance with their products of saponification, veratrine being thereby 
converted into vcratric acid; cevadine and cevadilline into cevadic acid (i. 843). ^ 

Preparation. — The sabadilla seeds w*ere exhausted with alcohol holding in Aolution 
1 per cent, tartaric acid ; and the concentrated extract, freed from resin by precipitation 
with water, was treated with sodium carbonate and other to dissolve out the alkaloids, 
which wore then redissolved in aqueous tartaric acid, and again taken up by addition 
of sodium carbonate and agitation with ether. The ethereal solution, mixed with 
benzolin, left on evaporation a syrupy mass, in which crystals ultimately formed ; and 
these crystals, mixed with viscid matter, were stirred up with a few drops of alcohol, 
then well drained and slightly washed with alcohol on a vacuum-filter, and finally 
purified by tw^ or three crystallisations from hot alcohol. They then melted at 
205° (like Merck’s ^veratrine), and were converted by saponification into cevadic 
acid for this reason, as above mentioned, Wright a. Luff designate the base thus 
obtained as cevadine. The syrupy mass frotn which the crystals had separated 
yielded by saponification a mixture of cevadic and veratric acids. 

This syrupy mass is only partially soluble in ether ; and on dissolving the residue 
left by ether in tartaric aciA rcprecipitating with sodium carbonate, rapidly agitating 
the precipitate with ether, and repeating this treatment, cevadilline is obtained. 

The ethereal solution of the syrupy mass {infra\ again mixed with benzolin, deposits 
on standing a syrup, still containing a few crystals of cevadine; and the solution of 
this syrup in dilute sulphuric acid yields, on addition of ammonia, a precipitate of 
veratrine (Couerbe’s), which may be purified by conversion into the sparingly soluble 
nitrate and then into the crystalline sulphate. ^ 

Twenty pounds of sabadilla seeds yielded from 60 to 70 grams of crude alkaloids, 
from which were obtained 9 g. cevadine, 6 g. veratrine, and 3 g. cevadnline. The chief ^ 
bulk of the basic product is uncrystallisable, and consists most probably of a mixture 
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o. these three alkaloids. Weigelin*8 sabatrino and sabadilline (vii. 1063) were not 
found in the mother-liquors. . , 

‘Cevadlne, (Schmidt a. Koppen’s Veratrine)^ melts at 206® and be- 

comes opaque on exposure to the air, but without losing weight. Its salts are mostly 
uncrystallisable, buffthe aurochforide, C“H<®NO®,IICl,AuCl* + crystallises readily ^ 
from hot alcohol, and gives off its water at 100®. Cevadine heated with water, or 
better with alcoholic s^a-ley, is decomposed as represented by the equation, 

, C**H«NO® + H^O = C2'H"NO“ + C»H«0*, 

into a white base called cevine, and methylcrotonic acid, agreeing in its melting 
point (64®-65®) and mode of decomposition by heating with potash, with the methyl- 
crotonic acid of Frankland a. Duppa (vi. 828), and with the acid called cevadic acid by 
Couerbe and by Pelletier a. Caventou (Ann. Ch. Phys. [2], xiv. 69). 

To isolate the cevi no, the acid liquid left after distilling off the volatile acid was 
filtered fr»>m resinous matter, rendered alkaline with caustic soda, and shaken with 
fusel-oil. The filtered fusel-oil extract loft on evaporation a brownish varnish, which 
dissolved in acetic acid, leaving resinous flakes. The filtrate from these treated with 
soda and fusel-oil (after fractional precipitation to remove colouring matter), yielded 
cevine in the form of an amber-coloured varnish, melting at 45°, perfectly soluble in 
acids, easily soluble in alcohol and fusel-oil, sparingly in chloroform, nearly insolublb 
in ether. Neither the base nor its salts were obtained in the crystalline state, but on 
adding potassio-mercuric iodide to its solution in acetic acid, white flakes were pre- 
cipitated, having, when dried at 100®, the coipposition C2'H;“NO«,HI,HgP. 

Cevadine heated at 100° with benzoic anhydride yields bonzoyl-cevadino, 
C“IP“(C’H*0)NO® + lilPO, which crystallises from ether (cevadine does not), melts at 
170°-186°, and forms an ^li^ochloride containing C“"H**NO’®,HCl,AuCl®. The for- 
mation of this benzoyl-compound shows that cevadine contains a hydroxyl-group, and 
as this base is converted by saponification into methyl 'rotonic acid : 

C^H*~C(CH>) -COOII, 

its constitution may be represented by the formula : 

which is^closely related to that of pseudaconitine (p. 1695) 

Veratrine, (Couerbe’s), is always amorphous, and melts after purifi- 

cation with ether at 180® (corr,). Its gold-salt, C®^H*"NO",HCl,AuCP, is amorphous 
and shrinks up on drying to a horny mass. The nitrate is amorphous. The hydro- 
and the add sulphate crystallise, though with difficulty; the latter has the 
composition (C”H”NO”)H*SO*+ lOH-O, but has not been obtained quite free from 
the normal salt. Veratrino is converted by saponification into veratric (dimethyl- 
protocatcchuic) acid, C«IP(OCH»)2COOH, and a base called verine, which may bo 
extmet^ by other in the manner above described for cevine, and obtained in the form 
of a varnish-like mass, which frits at about 95®, melts between 130® and 145®, anc? 
forms amorphous salts ; its formula is C*"H«NO". From this mode of decomposition 
it may be inferred that the constitutional fomuln of veratrine is : 

C»*H«NO^O.CO.C“H'XOCH»)«. 

CevadilUne, when purified by conversion into tartrate and extraction 

with ether or benzene, after the liquid has been made alkaline, is amorphous, 
sparingly soluble in other, more freely in benzene, during the evaporation of which it 
separates in amorphous fiocks. By saponification it yields a •A'olatile acid, most 
probably methyl-croton ic acid, so that it-e decomposition may perhaps be represtnted 
by the equation + this last formula represent- 

ing a base which may be called cevilline. 

The uncrystallisable mother-liquors of the three bases above described probably 
consist for the most part of verine and cevine.^^ Ihe isomeric modifications of 
cevadine (veratrine) mentioned by some chemists* were probably nothing but impure 
or decomposed cevadine. Woigelin’s sabadilline (vii. 1063) was perhaps cevadilliiie ; 


* Schmidt a. K-dppen (tier. lx. 1116) distinguish three maliflcations of the base which they call 
vemtrlno (Wright a. Luff’s cevadine), viz. crystallised, .nnnous, and soluble, to all of which they 

assign the formula C“H“NO*. , , . 

O. Hesse Anraleu, cxcii. 18|f) represonts sabadillme (cevadillmc) by the formuh^ 

C«H"NO’ Weiffelin’s sabutrine by and Merck’s veratnne (cevadine) by C^H^NO* 

idven by Tobi^ 

• sabatrine, ; vei-atroidino, C“ir*W*0‘* or C’*H”NO’ ; veratnue, 

6t2 
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and his mhatrine, as well as Conerbe’s sabadilline-hydrate, merely mixtures of deeomi 
position-products (Wright a. Luff). ^ | ^ 

B. Bases from Veratrum Album, 

The rhizomes of this plant have been examined by several chemists. Weppen 
obtained from them an alkaloid which he called ver air amarine^ together with 
7 >m(? acirf, (vii. 641). Jervine was obtained from them by Simon (iii. 

443), who assigned to it the formula C**H<®N*0*, afterwards by Mitchell (vii. 709). 
C. Bullock (PAflm. J, Trans. [3], vi. 1009) ajso found jervine in these chizomes, 
together with a resin, to the presence of which ho ascribed the partial solubility of 
jervine in ether, the similarity of its reaction with sulphuric acid to that exhibited 
by veratrine (cevadine), and its physiological action. Pure jervine, according to his 
observations, melts at 196°-199°, crystallises in prisms resembling morphine sul- 
phate, and is completely precipitated from its solution in acetic acid by ammonia 
and the fixed alkalis. 

A. Tobien {Pharm. J. Trans, [3], viii. 808) finds in the rhizomes oi Veratrum 
album and V. lobeliamm, of the most various origin, only two alkaloids, viz. jervine 
and veratroidine. *‘The rhizomes were soaked in water to wliich was added 36*8 g. 
phosphoric acid solution (sp. gr. 1*28) to 2 kg. of solid substance, then repeatedly 
digested with warm alcohol of 95 percent, and the extracts were evaporated in a vacuum. 
The residue, diluted with water, deposited a resin, which was dried, mixed with quick- 
lime, moistened with water, and exhausted with alcohol. The extract was then 
evaporated j the residual jt-rvine dissolved in acetic acid, precipitated with sodium 
carbonate, and redissolved in alcohol, these operations being several times repeated ; 
and finally the jervine was converted into nitrate by pr^fpitation with excess of salt- 
petre and separated therefrom by decomposition with sodium carbonate. By 
evaporation of its alcoholic solution it is obtaineddn dazzling white groups of needle- 
shaped crystals. The same treatment may be employed for the separation of the 
jervine which is precipitated by sodium carbonate from the filtrate of the above- 
mentioned resin. 

Jervine has, according to Tobien, the composition The formula of 

its hydrochloride is C*’H«N*0M1C1 ; of its sulphate, C*»H*^N20»,II*SO*. It is very 
sparingly soluble in water, readily soluble in alcohol, and dissolves with successively 
decreasing facility in chloroform, amyl alcohol, benzene, other, and petroleum. Strong 
sulphuric acid dissolves it with yellow colour, afterwards changing to yellowish - 
green ; its hydrochloride is dissolved by nitric acid with transient rose colour. Its 
salts are precipitated by potassium nitrate from solutions containing only 1 pt. of 
salt in 1 ,200 water. 

Veratroidine, or is obtained from the filtrates of jervine 

and its salts by supersaturation with caustic alkali and agitation with chloroform. 
It may be freed from the last portions of jervine by addition of nitric acid toeits 
solution in acetic acid, the filtrate being then treated as above. It crystalliaes from 
Alcohol and ether more readily than veratrine (? Merck’s or Couerbe’s), dissolves to 
a considerable amount in water, readily in alcohol, ether, and chloroform, less easily 
in amyl alcohol and benzene, not at all in light petroleum. It is not turned blue by 
sulphuric acid and sugar (distinction from veratrine), and is further distinguished 
from veratrine, sabatrine, and sabadilline, which it resembles in its reaction with 
sulphuric acid, by producing a fine but transient rod colout wit li concentrated hydro- 
chloric acid. 

The alkalcjids of Veratrum album have also been examined by Wright and Luff 
{Chem. Soc, J. laatf. 406). The extract obtained with alcohol containing tartaric 
acid,«which was several times used to macerate fresh portions of the root, so as to 
obtain a solution as concentrated as possible, ^ave, when fractionally precipitated by 
sodium carbonate, and fractionally taken up by ether, four different fractions of alka- 
loid, of which the fraction first precipitated on addition of sodium carbonate, and least 
soluble in ether, will bo calledi 1, and the most soluble in ether, 4. The fractions 1, 
2, and 3 are crystallised, 4 is amorphons (12 kg. of root yielded 60 g. alkaloids, or 
0*42 per cent.) 

Fraction 3. The base rccrystallised from ether was converted by treatment with 
dilute sulphuric acid into a semi-gelatinous, very sparingly soluble sulphate, which, 
when decomposed by boiling with sodium carbonate and alcohol, yielded the base, on 
cooling, in loosely coherent crystals having the cpmposition C2,®H*^NO* + 1-JH*0 (pro- 
bably 2H®0 if quite undecomposed). This base, identical with* they irvfTte of Simon 
and of Will (according to whose analysis, however, it has the comfKisition C»H®®N’‘*0*; 
see iii. 446), yields a crystallised hydrochloride sparingly soluble in water, whether 
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cold or boiling, still less soluble in hydrochloric acid, more soluble in acetic acid ; the 
nitrate is also but slightly soli^ble in water. The pure base boils at 237°, but the 
bv/iling point is often found loWer (231°). Jervino dissolves in strong sulphuric acid 
with yellow colour, changing through brown to greenish-brown. 

Buhij is contained as sulphate in the filtrate from the jervine 
sulphate, and may be separated therefrom by precipitation with caustic soda. It crys’* 
talliscs anhydrous from alcohol, and dissolves in strong sulphuric acid with yellow 
colour, changing through brown-yellow to brownish-red. The sulphate thus formed 
is crystalline, Jcasily soluble in cold dilute sulphuric acid, sparingly in cold water. 
The hydrochloride is crystalline and easily soluble. The free base dissolves in strong 
sulphuric acid with yellow colour, changing through brown-yellow to brown-rod. The 
aurochloride has the composition C‘®H^*N0*,H01,AuCl®. 

Tseudojervine, C*"H“NO'. — The crude crystals of fraction 1 consist chiefly of 
this base, which may bo separated from adhering jendne by conversion into sulphate, 
jincl from rubijervine by subsequent conversion into hydrochloride. Pseudojervino 
sulphate is sparingly soluble in cold, easily in hot water ; whereas its hydrochlo- 
ride is onlj^slightly soluble in water, either hot or cold, bub more easily soluble in 
dilute hydrochloric acid. Pseudqjervine, when quite pure, molts with transient brown 
coloration at 299°, and reacts with strong sulphuric acid in thj same manner as 
jervine. It is the least soluble in ether of all the crystallised alkaloids of Veratrum 
alhutu, 

Veratrnlhine, is an amorphous base contained in fraction 2, together 

with jervine, a small quantity of pscudojerviiie, and a still smaller proportion of rubi- 
jervino. It is likewise the chief constituent of fraction which, moreover, was once 
found to contain a smay quantity of jervine, and probably also veratrine, inasmuch 
as it yielded by saponificatibp a small quantity of veratric acid, its powerful sternuta- 
tory action being at the same time removed. Cevadic acid was not found in it. 

Jervine, p.seudojcrvino, and voratralbino are not saponifiable. The attempt to 
prepare a benzoyl -derivative from jervine was likouist* unsuccossful, although the 
existence of such a derivative cannot be regarded us impossible. The sternutatory 
action of V. album appears to be due exclusively to veratrine, the amount of which 
docs not exceed l’2d per cent, of the total alkaloids contained in the root. 


C, Bases from Veratrum viride (Wright, Ckcm. Soc, J. xxxv. 421). 

The rhizome of this plant treated in the manner above described for Veratrum 
album yielded cevadinc as chief constituent, together with traces of jervine, pseudo- 
jervine, rubijervine, vcratralbine, and veratrine. Tlio sternutatory action of this 
rhizome is duo to the cevadiiio. 1 kilogram of the rhizomes of V. album and V. viride 
yielded the following quantities of the several bases : 



V. album. 

V. viride. 

Jervine 

. 1*3 

0-2 

Pseudojervino 

. 0*4 

016 

Kubijervine 

. 0*25 

002 

Vcratralbine 

. 2*2 

trace 

Veratrine . 

. 0*05 

trace (less than 0-004) 

Cevadine . 

. 00 

0*43 


4*2() g. 

0*80 g. 


C. Bullock {Bharm. J. Traits. [3],x. 186) finds that the resinous stbstauces which 
separate during the concentration of the extracts of Verctru^t viride contain the 
largest portion of the bases existing ir that plant. These bases may be separGAed by 
treating the resin with milk of lime, concentrating, and exhausting the residue with 
alcohol, then converting them into Jicctates and precipitating with caustic soda. In 
this manner he obtained from a kilogram of the rhizome 6*612 g. of alkaloids; 
whereas Wright, probably from overloo^ngthecircun&st ance just mentioned, abtained 
only 0*8 g. 

ySRIirB, A base formed, together with veratric acid, by saponifi- 

cation of veratrine (p. 2099). 

V&BMZGUBXTB. This name, originally given to a chloritic mineral from 
Vermont, in North America, containing, according to Thomson, 49*08 per cent. 
SiO*, 7*28 AlW, 15*12 FcO, 16*96 MgO, and 10*27 water (v. 997). has been 
extended by J.T. €ooke {Phil. Mag. xlvii. 241 ; 7, 135) to a family of %drous sili- 
cates, including Culsageeito, Hullite and Jefiferisite. These minerals, when heated, 
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swell up enormously, like alum and borax, in consequence of the escape of their 
water of crjrstallisation, after which they undergo complete disintegration. 

Analyses. 1. Ste/dingite^ from Massachusetts, a mineral nearly related to DamcAr- 
ite, and differing therefrom only in the angle of the optic axes. Yellow to yellowish- 
white with nacreons lustre ; analysed by C. E. Munroe. 2-4. CfXsagedie^ a variety 
of Jefferisite from the Culsagee mine, Macon County, North Carolina ; lighter in 
colour and more easily cleavable than Jefferisite. CooWs analyses differ from those 
given by Genth (p. 1142) only in the amount of water. 5-8. HallitSy a green or 
yellow micaceous mineral, probably crystallising in the hexagonal syUtem ; found in 
the serpentine of East Nottingham, south of Oxford, Chester County, Massachusetts. 
The' analyses (by C. E. Munroe) 5 and 6 appfy to the green, 7 and 8 to the yellow 
variety. 9. From Lerni, Delaware County, Pennsylvania, sea-green hexagonal 
plates ; analysed by F. A. Gooch. 10. Pelham, Massachusetts ; greenish-yellow, 
resembling Culsageeite (Gooch). 



SiO» 

A1»0» 

Fe»0» 

FeO 

MgO 

K»0 

IPO 



Sp. Or. 

1. 

43*87 

36*45 

3*36 

— 

— 

10*86 

5*19 

= 

99*73 

2*828 to 2 832 

2. 

37*58 

19*73 

5*95 

0*58 

25*13 

— 

11*09 

= 

100 061 

1 ^ 

3. 

37*43 

19*75 

5*95 

0*58 

25*58 

— 

11*09 


100*38 

1 2*225 

4. 

37*10 

20*24^ 

5*95 

0*58 

25*07 

— 

11*09 


100*01 J 

I 

6. 

35*97 

35*80 

7*61 

7*29 

8*83 

8*73 

1*13 

1*13 

31*34 

31*56 

0*43 

0*49 

14*32 

14*33 

= 

99*63 1 
99*33 j 

2-398 

7. 

35*17 

7*74 

9*76 

0*32 

31*61 

0*56 

14*65 

=: 

99*81 1 

2-402 

8. 

35*34 

7*42 

9*61 

C*32 

31*41^ 

0*65 

14*91 

=: 

99*86 J 

9. 

38*03 

12*93 

7*02 

^•50 

29*64 

— 

11*68 

=s 

99*80 

2-368 to 2-409 

10. 

41*27 

15*19 

4*14 


28*25 

— 

11‘32 


100*17 

2-160 to 2-161 


VSaBZVM. This name (from Vesbio, an old name of Vesuvius) is given 
by Scacchi {Gazz. Chim. ital. 1880, 21) to a metal which he has discovered in an ex- 
tremely thin green crust, found coating the fissures df the Vesuvian lava torrent of 1631. 
The crust being too thin to separate mechanically, tlio pieces of lava are treated 
with very dilute hydrochloric acid, which dissolves off the crust, forming a blue solu- 
tion containinf^ abundance of copper, silica, and other constituents of the lava ; the 
acid solution is evaporated to dryness, heated to 170°, and exhausted with water. 
The residue consists principally of silica and a vesbium compound, together with a 
finely divided pulverulent matter which can easily be separated by elutriation* after 
this has been done, the product is treated with hydrochloric acid, filtered from undis- 
solved silica, and again evaporated to dryness and heated to 170°; and on removing 
the small quantity of copper present by repeated washing with hot water, the purified 
vesbium compound remains as a dark-green powder, designated by Scacchi as vesbinc. 
This substance is hygroscopic, and when ignited becomes brown without fusing. It 
is soluble in acids, yielding a green solution ; the addition of potash or ammonia to 
this solution precipitates a ferric compound of vesbium, partly soluble in excess of 
the precipitant, forming a yellow solution. Wlien vesbine is fused with an alkalihe 
carbonate or nitrate, it dissolves with effervescence, forming an alkaline vwsbiato 
soluble in water ; on adding an acid to the colourless solution, it acquires a yellow 
colour similar to that of a chromate, and becoming bluish-green on heating. Alka- 
line vesbiates give precipitates of various colours with solutions of metallic salts, that 
with silver being bright red, whilst the zinc salt is greenish. Attempts to obtain 
potassium vesbiate in the crystalline state were unsuccessful. 

On passing hydrogen sulphide through an acid solution of vesbine, a brown pre- 
cipitate is formed, consisting chiefly of sulphur, but containing also small quantities 
of lead and copper sulphides ; the filtrate from this is of a bright blue colour, but 
becomes colourless oq adding excess of ammonia, whilst a brown precipitate is thrown 
down.«. When a plate of zinc is immersed in the blue solution, the colour is changed 
to deep brown, the liquid then appearing almost opaque. Even a very large excess of 
hydrogen sulphide pr^uccs no change in the blue solution. All the vesbium compounds, 
when fused with microcosmic salt, give a yellow bead tinged with brown in the outer 
flame, and a green *bead in the reducing flame. 

VBSUVUir. This mineral occurs on the Bammelsberg, nearDeutsch-Tscham- 
mendorf, south of Strehlen, Silesia, forming veins in a limestone rich in diopside, 
titanite, and quartz. It contains calcitc and diopside microscopically intermixed, but 
is free from titanite, so that the titanium contained in it must be regarded as iso- 
morphously replacing a part of the silica (E. Schuhmacher, Jahrh. f, Min. 1878f 
817). 

SIO* Tio* Al"0" Fe“0* Mn“0* FcO CaO MgO • ffO 

87*80 1*77 16*28 1*66 0*94 3*11 34*76 2*42 2*29« 100*93 

Crystals of vesuvian occur at Drammeu in Norway, lining the walls of cavities 
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which have boon formed in a silurian rock by the weathering of coral residues 
(W. C. Brogger, JaAr6./. Min. 1876, 661). 

. The crystallographic coi stahts of a honoy-yellow and a black variety of vesuvian 
from Latiuin have been determined by J. Striiver (Zdtschr. f. Kryst. i. 261 ; Jahresb. 
f. Chem, 1877i 13C17). The vesuvian of Latium occurs only in ejected blocks, mostly 
well crystallised, sometimes, however, in imperfect crystals and granular masses. # 

VXCXir, C®H*“N*0®. This substance, which Ritthauson a. Kreusler obtain from 
vetch-seeds (J. pr. Chem. [2], ii. 333), exhibits the following reactions; (1) It is not 
changed by bailing with baryta-water or with aqueous potash. (2) It dissolves in 
dilute sulphuric and in hydrochloric acid, the solutions depositing crystals which 
contain respectively 10*86 per cent, sulphuric acid and 10 02 per cent, chlorine. 
(3) When solutions of vicin in dilute acids are boiled for some time, they give off small 
quantities of gas, acquire the odour of decay t^d fruit, and exhibit the following reactions : 

(а) With baiyta-water in excess, a violet-blue precipitate decolorised on boiling; 

(б) with ferric chloride and ammonia, a blue coloration, gradually changing to 
yellow in contact with the air; (c) the solution in sulphuric acid immediately 
reduces silver nitrate. (4) The solution of vicin in sulphuric acid becomes turbid 
after heating on tlio water-bath for twenty or thirty minutes, and on cooling deposits 
crystals which have the composition 2C‘*II**N‘®0®,6S()®, and exhibiidho reactions a, 6, c, 
above d(;scribed. In ammonia gas this substance becomes purple ; in an atmosphsro 
containing moist ammonia the colour changes through blue to bluish-grey ; and the 
substance then forms with water a yellow solution, w'hicli, when decomposed by 
baryta-water, yields a deep yellow pulverulent body not yet examined. On separat- 
ing the sulphuric acid by the calculated quantity of baryta- w'at or, a colourless solution 
is obtained, which exhibits all the preceding reactions, mit yields on evaporation a 
soft brownish mass which o:jhibits none of them. (6) The act ion of sulphuric acid 
upon vicin also gives rise to a small quantity of a volatile base and a larger quantity 
of a syrupy uncrystallisable body. • (6) The solution of vicin in hydrochloric acid is 
precipitated by mercuric, but not by platinic chloride (Ritthauson, Ber. ix. 301). 

VXlXYXi- or XSTRBmrXi-COMPOyms. The pungent liquid called Vinyl AU 
coholt which Berthelot obtained by agitating acetylene with sulphuric acid and dis 
tilling the product with water ( vi. 66), appears, from the experiments of Lagormarck 
a. Elt^oif (R<t. X. 637)i not to be an alcohol, but to consist of crotonic aldehyde, 
C<Il“(), formed by condensation of acetaldehyde, the first product of the reaction 
[2C*H-‘0 — H*0 = C^H"0], and convertible by oxidisation with silver oxide into cro- 
tonic acid. According to S. Zeisel, on the other hand (Lichi(f» Annaleny cxci. 366), 
the formation of acetaldehyde and crotonaldchyde in the experiments of Ltigerinarck 
a. Eltokoff must have been due to the presence of vinyl bromide in the acetylene em- 
ployed. Vinyl bromide is in fact converted by strong sulphuric acid into crotonalde- 
hyde and a body having the composition C*H‘Br^ whereas acetylene, after purification 
by moderate heating with soila-lime and subsequent w’ashing with alcohol and water, 
ii^bsorbcd by sulphuric acid, probably with formation of a sulpho-acid. 

Tllb polymerisation of vinyl bromide (b. p. 16°-16°), observed by Baumann 
(vii. 1202), is best effected by the most refrangible rays of the spectrum, and more 
readily when the compound is in the liquid than when it is in the solid state. The 
condensed product dissolves readily in methyl iodide and most other primary alkyl 
iodides, also in bromoform, benzaldehyde, and aniline. It is dissolved by strong nitric 
acid, with formation of a bromo-nitro-compound ; reduced by fuming hydriodic acid 
at 160°. 

Vinyl Ethylate or Vinyl-ethyl Oxide, C^II" = CH*::z;CIT.O.C®H*, is formed 
by the action of sodium at 130°-140° on chloracetal. It is a very mobile liquid which 
boils at 36*6° ; smells like ethyl oxide, <*thylene, and allyl alcohA ; dissolves sparingly 
in water, and, on the other hand, tal es up a small quantity of that liquid. Bp. gr. 
= 0*7626 at 14*6°, referred to water at 17*6° as unity. It unites with chlorine and 
hrrmine (most readily when they are diluted with carbon dioxide), forming dichlor 
or dibromethyl oxide {e.cj. CH^Cl.CHCl.O.C'fl*). ^With small quantities of iodine 
it thickens, from formation of products of polymerisation or condensation. Moderately 
dilute mlphwric acid converts vinyl ethylate into aldehyde and ethylsulphuric acid. 
The same transformation appears to be gradually produced by the action of water, or 
better by an aramoniacal solution of silver nitrate (Wislicenus, Liebig's Anndent 
excii. 106). 

VinyUnitotl, C»H«0 = C»5^<^^qjIs- Soe Phbnomthkbs (p. 1621). 

Vlnyl-dls&etonaminef C®H**NO-^C«H*2(C*H®).NO (Heintz, Liebig's Annalmt 
clxxxix. 214; cxci. 122). The normal oxalate of this base, = 
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separates out urhen 1 pt. of acid diaeetonamine oxalate, 12 pts. 
alcohol, and 4 pts. acetone are heated together for ^ir^ to sixty hours, the cthyl- 
oNalate of the same base remaining in solution. The lorn&tion of vinyl-diacetonaniifio 
in this reaction appears to be due to the presence of aldehyde in the acetone employed, 
the same compound being, in fact, produced in larger quantity by boiling 10 g. acid 
diaeetonamine oxalate with 10 g. aldehyde and 120 g. alcohol in a reflux apparatus 
for sixty hours. The separated mass (vinyl-diacetonamine oxalate) may bo purified 
by washing with hot alcohol. 

Vinyl-diacetonamine separated from the pure oxalate by potash ip a colourless, 
somewhat viscid liquid, which has a burning taste, smells like trimethylamjne when 
cold, like camphor when warm, fumes with hydrochloric acid, and boils almost without 
decomposition at 199°-200°. The distilled base turns yellowish after some time. It 
solidifies at —15°, forming rectiingular or six-sided plates or long prisms, which melt 
at +27°. It is extremely hygroscopic. The normal sid'phate forms microscopic 
needles, easily soluble in water, sparingly in alcohol, insoluble in ether; it does not 
lose weight at 100°. An acid oxalate, C’*H®WO^® = 4C*®H*^N*0,3C*I^-0^ is obtained 
by dissolving the normal oxalate {mprei) and oxalic acid in molecular pre^rtions in 
the smallest possible quantity of hot water, and separates on cooling in snort micro- 
scopic prisms. Tjjiree pts. of this salt and 1 pt. oxalic acid dissolved together in 
water unite and form a new salt, which loses weight and turns brown at 100°, and is 
reconverted into the normal oxalate by boiling with alcohol. On evaporating an 
aqueous solution of 1 pt. of the normal oxalate and 2 pts. platinic chl^nide in a 
vacuum, exhausting the residue with alcohol and ether, and crystallising it from water, 
short fiat prisms are obtained, often grouped in hexagonal plates, apparently belonging 
to the rhombic system and ffaving the composition 2C"H*‘‘N0,Pt01“fl‘-,3H*0. 

Vinyl-diacetonamine is related to triacetonamine in thasafiie manner as acetone to 
aldehyde, being, in fact, the next lower homologue of ti^acetonamine, and containing 
two acetone residues and an aldehyde residue, whqreas triacetonamine contains throe 
acetone residues. • 

The two bodies may perhaps be represented by the following structural formulae 
(compare p. 32) : 

Triacetonamine. Vinyl-diacetonamino. • 

VlXTTXi-TOXiVZDlKS, C®H®N. This base, which Wurtz obtained by heating 
toluidine with ethylene-chlorhydrin (vi. 1106), is also formed by decomposition of 
'xothylene-toluidine. See Addenda. 

VZSCVMC AMUM. See Mistletoe (p. 1331). 

VSTEUnr. See Pboteids (p. 1684). 

VZVZAirZTS. Native Ferrous Phosphate, This mineral has been found within 
and upon the bones of animals on the peat moor of Larbach ; partly in tabular grofips 
of crystals grown together in parallel layers, partly in small needlc-shaped*mono- 
clinic crystals exhibiting the combination oo Poo . oo Poo . oo P. + P. + Poo , partly also in 
radio-fibrous groups. It is blue by reflected light, but by transmitted light it appears 
almost colourless — merely with a coloured border (F. Becke, Jahrh.f.Min. 1878, 
79). 0. Fraas {ibid. 80) found the bones of a saurian from the keuper of Stuttgart 
converted into vivianite. Vivianite has been found also, in somewhat considerable 
quantity in the pores of the bog iron ore of Leskowetz, near Friedeg, in Austrian 
Silesia (Neminar, Min, Mitih. 1875, 207). 

VOZiBOlUrBZTBS. See Vanadates (p. 2092). 

V/>ZiCAmc PXODVCTS. The term Volcano is commonly used to denote 
any orifice in the crust of the earth giving vent Vo materials which afford either direct 
or indirect evidence of the internal dynamic activity and the inherent heat of our 
planet. Such orifices are usually found on the flanks or the summit <»f a conical 
mound, hill, or mountain. Tha ejected materials are heated gases, steam, water, mud, 
dust, scoriae, and molten rock. The accompaniments are frequently tremors in the 
earth, and loud noises produced by the concussion of rocks, and the escape of lai^e 
quantities oi gaseous matter in a high state of tension. Volcanic vents vary in size 
from the smallest hocche del fuoco on the flanks of a larger volcanic cone, or the little 
mud volcanoes of the Caspian, two or three feet in diameter, and the vokamtos of 
New Granada, to the gigantic volcanoes of the Andos, nearly^ 20,000 feet in height. 
The commonest form of volcano is that of a conical mound,**termi^ated by a cup- 
shaped depression or crater, from which a tube descends to unknswn depths, and by 
means of which volcanic products are brought to the surface. 

The various kinds of volcanic vent may be conveniently classified as follows: 
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1. Extinct Volcanoes — that is, those which have never been known to bo in a state 
of activity, such as the volcanoes of Auvergne. 

2. Pbfca»ecs-i-that is, those which have been in activity during the 
historical period, but have given no signs of life for a long term of years, such as 
Monte Epomeo invthe Island of Ischia. 

3. Active Vblcmioes—thiit is, those which are constantly or at frequent intervals 
in a state of activity, such as Etna or Stromboli. 

4. To thejie we may add the less common forms of mud volcanoes, sometimes 
called Tnaccaluhe, or salses, which occur in Mexico, on the shores of the Caspian Sea, 
in Iceland, Sicily, and elsewhere, liools of boiling mud, which give off quantities 
of carbonic acid gas, and sometimes also hydrogen and sulphuretted hydrogen, are 
not uncommon in volcanic countries. Air volcanoes (the volcanitos of the natives), 
which eject boiling mud and gaseous products at frequent intervals, wore found by 
Humboldt near Turbaco, in New Granada. 

6. Ftmeroli are small fissures or orifices frequently found within the craters of 
dormant and active volcanoes, and in recently emitted beds of lava. They give vent 
to various ^seouB products, among which steam usually predominates, and to solid 
bodies whidi are carried along mechanically, or volatilised together with the issuing 
gases. When sulphur and sulphur-products predominate, the tumeroli are called 
solfatare. The sojfioni of Tuscany are fumeroli by which quantities of boric acid ^ro 
brought to the surface with the cfhuent steam. Mofette are exhalations of gaseous 
substances, usually carbonic acid, from hollows in the soil. 

6. Thermal Springs are closely connected with volcanic phenomena, and their 
products are properly considered under the heiid of volcfRiic products. 

In this category nAy 'vdso bo placed the Geysirs and Laugs of Iceland, New 
Zealand, and North Americi^. 

The products — solid, liquid, and ^^asoous — which are emitted from these various 
forms of volcanic vent are very varied both as to chiWMrter and composition, ranging 
from the commonest elemenfciry bodies to some of the most complex minerals with 
which wo are acquainted. This can scarcely bo wondered at when we remember the 
conditions under which these bodies have been formed. Not only has fire effected 
a multitude of changes in the composition of volcanic products, but also water and 
various gases both at high and low temperdturos and pressures, acting for short and 
long durations of time. 

I. SoLin Products of Volcanic Action. 

The most plentiful volcanic product is Lava, molten rock poured from a crater 
or from great fissures, and often closely resembling certain iron-furnace slags. Many 
millions of cubic feet of this substance are often ejected during a single eruption, and 
w^road of a flow of lava which issued from Skapta, in Iceland, in 1783, which wsis 
fifty ipiles long and seven broad. It is important to bear in mind that certain 
apparently different volcanic products are chemically the same substance in different 
states of aggregation, or ejected under different conditions of pressure. Thus the com- 
pact lava which flows directly from the crater, and the ashes, sand, and scoriae result- 
ing from the same molten lava being blown out of the crater by superheated steam, 
have precisely the same composition, as the following analyses by Silvestri of sub- 
stances ejected during the'eruption of Etna in 1865 clearly prove : 



Ashes 

Sand 

ScorlsB • 

Compact Lava 

Silica .... 
Alumina 

Ferrous oxide 

Manganous oxide 

Lime .... 
Magnesia 

Potash 

Soda .... 
Water .... 
Phosphoric acid . 
Titanic acid . ,• . 

Vanadic acid « 

Ferric oxide *. 

50-00 

19-08 

12-16 

•40 

9-98 

4*12 

•60 

3-72 

•36 

• traces 

49*80 

18-20 

12-42 

•45 

11-00 • 
4-00 
•49 

3-60 

•29 

traces 

60-00 

19-00 

11-70 

•60 

10*28 

4-20 

•69 

3*40 

•33 

traces 

49*jJb 

18*75 

11*21 

*49 

11-10 

405 

*70 

3-71 

•23 

traces 
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Moreover, lavas which have been ejected at intervals of many centuries of time 
have frequently almost precisely the same composition : tlms* we may compare one of 
the lavas of Etna ejected in very ancient times, with* th/ lavas of 1669 and 1866. 
Microscopic analysis justifies the same conclusion. 

Analysis: 1. Very ancient Etna lava. 2. Lava of 1669. 3. Lava of 1866. 



SiO* 

A1*0* 

FeO 

MnO 

CaO 

MgO 

K»0 

Na*0 

1. 

49*63 

22*47 

16*80 

0*63 

9*06 

2*68 

0*98 

807 

2. 

48*33 

16*16 

16*32 

0*54 

9*31 

4*68 

0*77 

3*45 

3. 

49*95 

18*75 

11*21 

0*49 

11*10 

4*05 

0*70 

3*71 


The Vesuvian lavas of 1631, 1767, and 1868f as analysed by Haughton, likewise 
exhibit a dose agreement in composition. 


SiO* 

A1*0> 

Fe»0“ 

FcO 

MnO 

TiO 

GaO 

MgO 

K»0 

Na"0 

H»0 

48*12 

17*16 

6*69 

6*13 

1*20 

0*22 

9*84 

3*99 

7*24 

2*77 

0*08 

48*20 

17*92 

6*48 

4*75 

1*33 

0*27 

8*97 

3*61 

7*70 

2*61 

6*16 

46*58 

20*00 

3*20 

6*69 

1*07 

0*27 

9*09 

3*16 

7*35 

2*74 

0*32 


These lavas also contain small undetermined quantities of phosphoric acid and 
fluorine; and those of 1767 and 1868 contain in addition traces of fluorine. 

Bunsen has divided all volcanic rocks into — 

Normal Trachytic—\h.Q.t is to say, the trachytic rocks which are richest in 
silica, and represent a mixture of bisilicates of alumina and of potash and soda, 
while lime, magnesia, and ferrous oxide are almost entirely absent. 

6. Normal Pyfojrcww— that is to say, basaltic and doleritic rocks which contain the 
smallest quantity of silica, |nd are basic silicates of alumina and ferrous oxide in 
combination with lime, magnesia, potash, and soda. 

The following is the composition of these two charact^stic volcanic products : 


« 

Normal'Irachytio 

Normal Tyroxenic 

Silica 

76*67 

48*47 

Alumina and Ferrous oxide 

14*23 

30*16 

Lime 

1*44 

11*87 

Magnesia 

0*28 

6*89 » 

Potash 

3*20 

0*66 

Soda 

4*18 

1*96 


It will be at once obvious that the Etna and Vesuvius lavas, the composition of 
which is given above, closely approximate to the normal pyroxenic type, while 
obsidian and pumice belong to the normal trachytic typo. 

Bunsen, moreover, considers that the great number and variety of volcanic rocks 
containing percentages of silica included between the 76 per cent, of the normal 
trachytic and the 48 per cent, of the normal pyroxenic, result from mixtures of these 
rocks in varying proportions, and that * the great mineralogical and petrograf hical 
dffferenccs which these rocks present are only consequences of the varying propor- 
tions in which the mixtures took place, and of the prevailing physical conditions 
under which the rocks reached their present situation and assumed their present form.’ 

The following are examples of some typical lavas, both ancient and modem, of dif- 
ferent compositions and from different parts of the world, made in Bunsen’s laboratory : 



Ha 




t“|l 

ur 

> 

eS 

Ci 

«< 

ii 

fill 

43 

H 

m 0 

Black Basal 
from the 
Source of th 
Eui^urates 


•gW 

li 

. 

Silica 

Alumina and 


76*77 

69*66 

64*76 

66*76 

63*08 

49*37 

Ferrous 
oxide . 


14*14 

19*85 

22*31 

27*47 

28*70 

28*66 

Lime 

1*82 


6*13 

6*76 

9*92 

13*01 

Magnesia 

0*26 

2*27 

1*91 , 


. 6*32 

7*62 

Potash . 

2*46 ( 

3*83 

2*61 

2*63 

• 0*61« 

0-20 

Soda 

6*66 { 

3*38 

2*36 

2*37 

1*24 
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Bunsen regards those rocks which contain less than 60 per cent, of silica as basiCy 
and those which contain mpre than 60 per cent, as acid. Thus the normal trachytic 
ispck is the extreme acid m^moer, and the normal pyroxenic the extreme basic mem- 
ber. The decomposition of these various rocks, under the influence of heat, air, water, 
superheated steam, sulphurous acid, hydrochloric acid, and other volcanic products and 
actions, gives rise to a groat number of secondary products. ^ 


■> Elements and found in Volcafhic Products. 

Of ^e fifteen non-metallic elements twelve have been found in volcanic products ; 
viz. boron, carbon, chlorine, fluorine, hydrogen, iodine, nitrogen, oxygen, phosphorus, 
selenium, sulphur, silicon. Of these oxygen and silicon are the most abundant. 

Of the ^ty-one metallic elements nineteen have been found ; viz. aluminium, 
arsenic, caesium, calcium, cobalt, copper, iron, lead, lithium, magnesium, manganese, 
potassium, rubidium, sodium, thallium, titanium, uranium, zinc, zirconium. Of these 
aluminium and iron are the most abundant. 

The is^nd of Vulcano, one of the Lipari group, has furnished some of the rarest 
and most complex of volcanic products. To take a single example, a spongy crys- 
talline substance found on the edges of a small fumerolo at the oottom of the crattu* 
was found to consist of arsenious sulphide, selenium sulphide, boric acid, ammo- 
nium chloride, lithium sulphate, thallium alum, caesium alum, rubidium alum, potas- 
sium alum. Thus this one substance contained no fewer than seven non-metals and 
eight metals (see Minerals, p. 1331). • 

Xrative Slements- Few of the elements have dben found in the native state 
among volcanic produt9ts. .« Oxygen^ hydrogeUy nitrogeUy and chlorine have been col- 
lected from fumeroles. Sutphur is found in solfatare in every part of the world, and 
in the craters of active and dorpiar;t volcanoes. Ii is frequently produced by the 
interaction of sulphurous acid and hydrogen sulpleidr, ScUnsulphur, i.e. indefinite 
mixtures of selenium and sulphur, has been found in the crater of Vulcano, and in 
that of Kilauea in the Sandwich Islands. This is the volcanite of Haidinger. Carbon 
in the form of graphite was found by Monticelli in an ejected block of Vesuvius, but 
it is a very rare volcanic product. Native metals, and native metallic alloys, are not 
found ^mong the products of volcanoes, if we except metallic coppery which has been 
found in the palagonite tuff of the Faroe Islands, and is considered by Bunsen to have 
been reduced by hydrogen from the chloride. 

The following simple combinations of non-metals with metals have boon found : 

Sulplildes. Red Sulphide of Arsenicy RealgoTy k%^^^y occurs in the fumeroles 
of Vesuvius, and at the solfatara of Puzzuoli. A specimen in the writer’s possession 
from Puzzuoli was raked out of the * bocca grande,’ and was found to consist of micro- 
scopic crystals of both the sulphides of arsenic coating a white pumiceous substance. 
^llow Sulphide of Arsenic. Orpim€7ity As‘-*S®. Crater of Vulcano. Solfatara of 
Imzzuoli. Bimorphitey the ‘ Dimorfina’ of Scacchi, has been found at the solfatara of 
Puzzuoli. It is said to contain As^S*, but may perhaps be only a mixture of sulphides. 
Iron BievXphidey Ordinary Iron PyriteSy FeS’-', has been found on Vesuvius, at Kri- 
suvik in Iceland, and elsewhere ; but it is an uncommon volcanic product. Nickeliferous 
PyrrhotUcy or Magnetic Iron PyriteSy i’e*S^ has been found on Vesuvius, having the 
composition: iron, 68*9; sulphur, 39*9; nickel, 2*6. Jjcad SulphiiCy Galena, PbS, 
has been found in eject cd blocks from Vesuvius. Zinc Sulphide, Blende, ZnS. Fj ected 
blocks from Vesuvius. CoveUite, a blue sulphide of copper, CuS, named after Covelli, 
who first detected it on Vesuvian lavas, is a rare volcanic product. Bolerophanite 
or Cuprous Sulphide, Cu*S, was found by Scacchi as a sublimation ^oduced during 
the eruption of Vesuvius in 1868. Chalcopyrite, or Copper PyriteSy Cu*S,Fe*g®, has 
been occasionally found in blocks ojicted from Vesuvius, but it is uncommon. It 
contains copper, 34*6 ; iron, 30'6 ; sulphur, 3w 0. 

Chlorides. Potassium Chloride. Sylvite. Fumeroles of Vesuvius and else- 
where. Sodium Chloride. Halite. Lavas of Vesuvius and Hekla, and probably 
existing as a sublimate on the lavas of all volcanoes situated near the sea, shortly 
after their emission and before rain has fallen. The writer noticed quantities of 
sublimed salt on the lava of Vesuvius emitted in November 1878. Lithium Chloride. 
Palmieri has detected lithium by moans of the spectroscope in the fumerole sub- 
limates of the eruption of Vesuvius of November 1878, associated with ferric chloride. 
Column Cidoride, found by Bunsen in the sublimates from fumeroles in the Hekla lava 
of 1845, and by Palmieri in sublimates formed during the eruption of Vesuvius in 
1872. Aluminum £hl.<yrid£, kWVy found by Silliman in a sublimate from the volcano 
of Kilauea, and by Bunsen in a sublimation from the Hekla lava of 1845, associated 
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.with chlorides of ammonium and iron. Ammonium Chloride is a frequent sublima- 
tion on lavas, and is often associated with ammoniui|i sulphate and ferric chloride ; 
it has been found at Etna, Hekla, Stromboli, Yulcano, V^uvius, Kilauea, and else- 
where. When llunsen visited Hekla, a few months after the eruption of 1845, he 
observed that the lower part of the lava stream was studded with fameroles, in which 
large quantities of beautifully crystallised sal-ammoniac appeared, so that, * not- 
withstanding the incessant torrents of rain, hundreds of pounds of this valuable 
salt might have been collected.’ The occurrence of this substance was entirely con- 
fined to that portion of the lava stream which had overflowed moadow4and ; higher 
up the stream all traces of the chloride disappeared at the point where vegetation ceased. 
By submitting a cubic meter of the meadow-land £o dry distillation, Bunsen proved that 
a quantity of ammonia equivalent to 223*3 grams of ammonium chloride was pro- 
duced. lie considers that the ammonium chloride which is found among the fumerole 
sublimations is derived either from ammonia in the air, which is carried down by 
rain and converted into chloride by the hydrochloric acid of the fumeroles, or from the 
distillation of organic matter in the soil over which the lava passes. Haubeny, on 
the other hand, and Palmieri, consider that, under the conditions of tempq^ature and 
pressure which must often prevail beneath lava, nitrogen and hydrogen may combine 
directly. Without tattempting to account for the large quantities of ammonia which 
appear as fumerole sublimations, we may point out that the theory of Daubeny 
and Palmieri is quite at variance with recent discoveries concerning the dissociation 
of bodies. The following analysis of a sublimation from the Hekla lava of 1846, taken 
from fumeroles near the lower part of the, stream, was matlo by Bunsen : 

NH*C1 41V0’,F(!’C1- CaCF NbCI KCl X* 

81*68 5*04 3*73 1*69 0*53 PTg 0*95 3*12 

* Wat(?r and stony residue, c 

With this we may compare an analysis of an aipmonium chloride sublimate from 
Kilauea, made by Silliman : • 

NH-Cl Al'^cr Insol. 

65*53 12*14 13*00 8*10 1*23 

The composition of these sublimates is not surprising when we remember that hot 
hydrochloric acid is. frequently evolved in abundance from fumeroli in newly ejected 
lava. The writer found that on passing dry hydrochloric acid over fKigraents bf lava 
heated to redness in a porcelain tube, the chlorides of iron and aluminium were 
copiously evolved, while the lava became nearly white and friable, like the masses of 
decomposed lava frequently met with near hydrochloric acid fumeroli. 

Ferric Chloride. Molysite. Fe-Cl®, found by Haussman on Vesuvian lavas in 
1819, and by Scacchi in 1855. A common volcanic product, produced by the action 
of hydrochloric acid on lava. The writer of this article found large cavities contain- 
ing several hundred square foot of surface, in the lava emitted by Vesuvius in No- 
vember 1878, completely coated by a sublimate containing a large percentage of ferfic 
chloride, while hot fumes of hydrochloric acid issued from fissures in the sides ^f the 
cavities. He also noticed it as a sublimation on the lava emitted from Hekla in 
February 1878. It is, of course, very deliquescent, and the first shower of rain may 
remove all traces of it. 

Monticelli asserts the existence of Ferrous Chloride, FoCl-, as a sublimate on 
. Vesuvian lavas, but his statement is not confirmed by Scaccjii. 

Kremersite, KCl,NH*Cl,2Fo*Cl® 6H^O, a substance first analysed by Kremers, 
found as a product of sublimation from fumeroles, contains 55*86 per cent. Cl, 
17*65 Fe, 12*32 4K, 6*67 NH^ and 8*50 water. 

Lea^. Chloride, dotunnite, PbCl®. — Found by Monticelli and Covelli in the crater of 
Vesuvius, after the eruption of 1822, accompanied by copper chloride and sodium 
chloride; also by Scacchi and Quiscardi as a product of the eruption of 1855. 

Lead Oxychloridfi, MatlocJcite, PbCPPbO, was found as a sublimation *product of 
a fumerole of Vesuvius after the eruption of 1855. 

Hydrated Cupric Oxychloride, Atacamite, Cu^O®CP + has been found in- 

crusting Vesuvian lavas of 1820 and 1822. The writer found in the lava of Novem- 
ber 1878 cavities lined with microscopic greenish crystals containing copper, in all 
probability existing as chloride. « 

Fotaasium Iodide has been found at Vulcano. The bromide would in all 
probability be detected if carefully sought for. • •, 

Calcium Fluoride has been found in blocks ejected from ^Vesuvius, and in a 
few volcanic minerals. 

Iron Hit ride, Siderazote, Fe'^N^. — Found by Silvestri on the surface of the hot 
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lava of Etna (1874) ; formed artificially by exposing fragments of lava to the alter* 
nate action of hydrochloric acid^ihd ammonia at a red heat. See p. 1097. 

Osldea. BUckC^^per^Oxide^ Meta^onitCt or Tenorite^ CuO, has been found by 
Semola, Scacchi, and Palmieri on the lavas of Vesuvius, sometimes in crystals. Btd 
Copp&r Oxidet Cu*0, has also been occasionally found on the seorisc (4 

Vesuvius. 

Ferric Oxide* Hamatite. Found on the lavas of Etna and Vesuvius in the 
neighbourhood of fumeroles. Ferric Hydroxide, Goihite, Fe-0»,H20, has been found 
in the ejected blocks of Somma. Magnetic Iron Oxide, Magnetite, is a frequent 
constitubnt of lavas, as may be sho'vn by the microscopic examination of their sec- 
tions ; it is also found in volcanic sand and in the ejected blocks'of Somma. Mag- 
neeMfemte, M^0,Fe‘'*0*, has been found in crystals and laminae near the fumeroles of 
Vesuvius, particularly those of the eruption of 1855. 


Vesuvius. Vesuvius. 

_ . . , Old Eruption. Eruption of 186C. 

Feme oxide .... 84-20 85 05 

% Magnesia .... 16*00 13-96 

Cupric oxide .... — l-Oi 


Periclasite, MgO = 93*86, FeO = 5*07, has been found in clustered crystals in blocks 
ejected from Somma and Vesuvius. 

Spinel, MgO,APO*, found in ejected blocks from Somma and Vesuvius. A spe- 
cimen from the latter volcanco was found contain 67*46 percent. AFO*’, 25*94 MgU, 
5*06 FeO, and 2*38 SiO^. s 

Titanic Oxide, TiO*, bith in the form of ‘ Brookito ’ and of ‘ Entile,’ has been 
occasionally found in the val del But e, on the cast side of Etna. Titaniferous Mag- 
netite, or 'herine, FeO.TiO'^ + Fc*9^ is frequently found disseminated through lavas, 
scoria), and tufas ; in the eruptive rocks at Arthur d'iSeat, at'Unkel on the Bhine, in 
basalt, and elsewhere. 

Siltoa is found in the form of quartz in cavities of basalts ; occasionally also, 
according to Monticelli, in the cavities of blocks ejected from Vesuvius (a.d. 79) 
Silica is also deposited from the geysirs of Iceland, New Zealand, and California, and 
is tb^n known as Geyserite, The following analyses show the composition of these 
deposits : 



Iceliuid 

Iceland 

Iceland 

Kew Zealand 

Silica 

98*00 

91*66 

88*26 

94*20 

Alumina . 

0*50 

1*04 

0*69 

1*58 

Ferric oxide 

— 

0*18 

3*26 

0*17 

Lime 

— 

0*33 

0*29 

trace 

Soda and Potash 

— 

0*35 

0*22 

0*86 

Sulphuric acid . 

— 

— 

2*49 

— 

Water 

1*5 

5*76 

4*79 

3*06 


Silicates. The majority of volcanic products, as indeed of the whole mineral 
kingdom, consists of sili'’ates of various degrees of complexity. Of these wo shall 
first consider the most simple monosilicates, and afterwards those of more elaborate 
character and composition. 

Calcium Silicaie. Wcllastonite* CaOSiO®. — Found in lavas^and dasalts in various 
parts of the world. • 

Pyroxene, or Angite, (CaO,MgO,F-jO)SiO-, is an essential constituent of many vol- 
canic rocks. The following analyses show the composition of various specimens from 
diiferent volcanic centres : 



Vesuvius, 

1C31, 

Vesuvius, 

1868 

Etna, 
Mt. liossi 

Iceland 

Tcueriffe 

AzorcB 

Silica 

Alumina . 

Ferrous oxide . 
Magnesia . c* . 

Lime . • 

Ferric oxide . 

48-86 
8*63 . 
4*64 
14*01 ^ 
20*62 
2*73 

49*61 

4*42 

9*08 

14*22 

20*83 

47-38 

5*52 

7-80 

16*29 

19*10 

3*85 

49*87 

6*05 

5*92 

16*16 

22*00 

48*05 

4*18 

23*41 

9*40 

14*96 

50*40 

2*99 

22*00 

2*40 

21*10 
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BreidahUe is a capillary or woolly form of pyroxene, occurring in the lavas of 
Vesuvius and those of Capo di Bovo. 

A number of minerals result from the alteration of pyrixene. The following tabl#, 
from Rutley’s ‘ Study of Rocks/ shows the composition of the principal of these 
substances. i, 


Name of Mineral 

810’ 

Al’O* 

Cr’O* 

Pe’O’ 

FeO 

o 

e 

MgO 

CaO 

Na’O 

K’O 

TlO“ 

H’O 

Authority 

Augite 

51 

3 

— 


6 

3 

13 

24 








Rammels- 

Picrophyll . 
PyraUolite . 













berg 

60 

2 

— 

— 

6 

— 

31 

*1 



— 



10 

Rose 

49*6 

0*5 

— 

— 

1*5 

1 

24*6 

10*6 

— 

— 

— 

12-S 

Runeberg 

Schiller-spar 

Epidote 

43 

2 

2*5 

— 

11 

0*5 

26 

2-6 

— 

— 

— 

12*6 

Kohler 

46 

6*6 

— 

13 

8 

— 

12*5 

9 

— 

— 

— 

5. 

Strong 

Mica . 

43 

15 

— 

— 

23*5 

— 

10*5 

1 

1 

5 

— 


Kjerulf 

Uralite 

49 

1 

— 

— 

25*5 

— 

12 

11*6 

— 

— 

— 

1 

Rath 

Glauconite . 

61*6 

7 

— 

— 

21 

— 

6 

— 

2 

6 

— 

6*5 

^elesso 

Serpentine . 

41 

2 

— 

— 

2 

— 

42 

— 

— 

— 

— 

13 

Scheeror 

Steatite . ; 

62*5 

"T: 

— 

— 

1*5 


31 

— 

— 

— 

— 

5 

Richter 

1 

99 C • ! 

64 

1 

— 

— 

— 

— 

28 

— 

— 

— 

— 

7 

Tengstrom 

Palagonite . 

42 

12*5 

— 

16 

— 

— 

7 

7 

2 

— 

— 

12*5 

V. Walters- 

i 













hausen 

Haematite . 

— 


— 

100 

— 

— 

— 

— 

— 

— 






Limonite . 

2*6 

— 

— 

80*5 



— * 










16 

Ullmann 

Magnetite . 

— 

— 

— 

65 

31 

— 

— 

— 

— 

— 

— 

— 


Titaniferous 

magnetite 

}- 

— 

— 

22 

61*5 

2 

— 

— 


• • 

24*6 

— 

Enop 

Ditto . 


— 

— 

68 

30 

— 

— 

— » 

— 

— 

2 

— 

Michaelson 


Among these products we may specially notice Palagonite, a substance which 
Bunsen regards as the basis of the basaltic tufas of Germany, France, the Azores, 
Canaries, Cape Verde Islands, and of the numerous volcanic islands of the Pacific. 
Dana places pala^nite among the hydrous silicates. Bunsen gives it the approxjpaate 
formula 3RO,2SiO* + 3APO*,SiO* + Aq. It is met with in an amorphous form in 
grains and fragments aggregated into a tufa-like rock, and as a constituent of tufa 
and volcanic conglomerate. The hardness is from 4 to 5. Sp. gr. 2'47-2*7. The 
colour varies from amber-yellow, through red and brown to black It melts easily 
to a black magnetic glass. As to its formation Bunsen remarks, ' Tufas are formed 
through the action of waters, and often that of heated waters or steam, accompanying 
an eruption of lavas, on the granulated volcanic rock or volcanic sand ; and in this 
process the ferrous oxide of the pyroxene becomes more or less completely changed to 
ferric oxide, and water is taken up, and thus palagonite is produced. As the volcanft 
rock is generally made up of pyroxene and a felspar in very variable proporMons, 
uniformity in such cases of alteration is not possible.’ (For analyses see iv. 324.) 

Glauconite^ a hydrous silicate of iron and potassium, sometimes containing small 
quantities of silicates of magnesium and aluminium, is found more frequently in 
sedimentary than in volcanic rocks. It has been found, however, in the latter at 
Monte Baldo near Verona, and at Beru^’ord in Iceland. /Jeladmite, in which the 
iron is in the state of higher oxidation, is found in close proximity at Monte Baldo 
(see also ii. 846). 


f 

1 

Silica . 


Glauconite, 
Berufjord 
. 52*04 

Celadonite, 
Monte Baldo 
63*0 

Alumina 

• • • 

. * 4-93 



Ferric oxide . 

« • « 

, 

28*0 

Ferrous oxide 

a • • 

. 25*54 

» 

Magnesia 


. 4*26 

2*0 

Potash . 


6*03 

10*0 

Water . 


. 6*19 

6*0 


H(ynihlende, or AmphihoU , — Silicates of various monoxides, and of alumina, found 
ill the volcanic rocks of Etna, Vesuvius, Tencrifie, and elsewhere. A specimen Irom 
Etna contained silica 40*91, alumina 13*68, ferrous oxide 17*49, magnesia 13*19, 
lime 1 3*44. Sometimes contains small quantities of fiuorine and i^f water (see farther 
iii. 167-170). ^ • 

Magnmum Silicate, Forsterite, or White Olivine {peridoto bianco of Scacchi), has 
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been found in Vosuvian lavas associated with spinell and pyroxene. Silica 42‘41, 
magnesia 63-30, protoxide of bon 2-33 (iv. 201). 

Monticellite^ a double silicate of calcium and magnesium, exists in certain lavas of 
Vesuvius and Somma. It contains silica 37*89, magnesia 22*04, lime 34-92, ferrous 
oxide 6-61. • 


OliWMt (MgO,FeO)*SiO®, is a common product of many eruptive rocks. 


Silica, j . 

Etnu 

Hokla 

Vesuvius 

Eifel 

. 41-01 

43-44 

40-35 

42-21 

Ferrous oxide 

. 10-06 

6*93 

12-34 

8-91 

Magnesia 

. 47-27 

49*31 

46-70 

49-29 

Alumina 

. 0-64 

trace 



0-18 

Nickel . 

(See further iv. 201.) 

. 0*20 

0-32 

— 

— 


Tofaz^ a tribasic aluminium silicate having part of the oxygen replaced by fluorine, 
is said by Mbnticclli to be occasionally met with as a volcanic product. 

QanMi^B found in the lavas of Vesuvius, in the volcanic soil near Frascati, and 
elsewhere in volcanic districts. The iron-alumina-*limo garnet is most common. It 
contains silica 39-93 SiO®, 13*45 APO*, 10-95 Fe^O®, 3*36 FeO, 1 40 MnO, and 31-66 
CaO (ii. 772). 

Zircon^ ZrSiO^ has been found in Vesuvian lavas associated with ryacolito. 

Idocrcu&By or is found among the ancient ejected blocks of Vesuvius and 

the dolomites of Somma. It resembles soiflo of the lime-alumina garnets in composi- 
tion. General formula 6(2110, SiO®) + 2Al*0®,3Si0*. C(Jhtains 37*76 SiO®, 1 7*23 A1*0», 
4*43 Fe®0®, 3*79 MgO,t37*35 CaO (v. 998). 

Melilitej Zurlite^ SoTnei^illife, HnmholdtilUet are closely related minerals which 
are frequently met with in the la^as of Vesuvius and Somma, and in the slags of iron 
furnaces. Humboldtilite contains 40 6 SiO®, 10*t^ APO*,^4-43 Fo®0*, 4*64 MgO, 
31-81 CaO, 4-43 Na*0, 0*36 K®0. 

Bioiite, or Magmsia Mica^ AFO®,SiO* + 3110, 2SiO*, is a common constituent of 
eruptive rocks. It has been found in blocks ejected from Monte Somma, in brilliant 
crystals. For analyses see iii. 1013. 

Common or Potash Mka is sometimes found in the blocks ejected from Somma. 

Talc^ 6MgO,7SiO®, is mentioned by Monticelli as a constituent of some of the rocks 
of Somma. 

Sarcolite, the Analcima camea of Monticelli and Covelli, is a volcanic mineral of 
somewhat rare occurrence, found in ejected blocks, and having a composition some- 
what like that of Idocrase (v. 196). 

Meianite (called also Scapolite and White Hyacinth) and Mizzonite are minerals 
resembling each other, found in the rocks of Somma. They are silicates of 
aluminium and calcium, with a small percentage of sodium silicate (iii. 865). 

• SiO“ A1*0> MgO CaO Na*0 K*0 

Meionite .... 41-80 30*40 0*46 19*00 2*51 0*86 = 95*03 

Mizzonite .... 64*70 23*80 0-22 8*77 9*83 2*14 = 99*46 

MarialiiCf a mineral found in a volcanic rock called pipemOi at Pianura, near 
Naples, contains 69*60 SiO®, 20*70 AFO», 4*45 Fe*0», 0-29 MgO, 4*39 CaO, soda 
8*90 Na*0, 1*09 K*0. 

Nephelite, Davynet Carolinite, and Sonvmite^ very similar minerals, consisting 
essentially of silicates of alumina and of soda or potash, are found in ]j^oth ancient and 
modern lavas, and may be represented by the general formulaiAl'0®,SiO® + K*0,SiO* 
(iv. 30). • 

Tourmaline^ 3R®0*.SiO* + 3RO,^iO® ; general composition 38 SiO*, 36 AFO*, 
8B*0* ; was found by Brocchi in lava at La Scala and Fosso Grande. 

Sodalite with Sodiwti Chloride^ 3(APO*,SiO® + Na^OjSiO®) + 2NaCl, has been 
found in trap, basalt, and modern volcanic rocks in Italy, Sicily, and elsewhere 
(v. 328). 

Lapis Lazuli is said to have been found in an ejected block from Monte Somma. 
Composition somewhat variable (iii. 470). 

HauynitCf at Silicates of aluminium and sodium, silicate with sulphate 

of calcium, has been found among^ volcanic products at Vesuvius, Auvergne, Monte 
Vulture, Mount Albaiio, and the Azores (iii. 16). 

Leucite, ^hiU Garnet^ or Amphigene^ AP0*.3SiO* + K®O,SiO*, is a mineral 
confined to volcanic rocks (iii. 583). 
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SiO« A1»0* ' Na*0 K*0 

V’esuvius (1811) ..... 66 10 23-22 0-67 20*69 - 100*48 
RoccaMonfina 66*36 2d^l6| 0*26 19*31 » 99*07^ 

Lithia has been detected in Vesuvian leucite. 

Leucitophyr is a name given to lavas whidi contain leucite disSeminated through 
them in grains. Felspar, nephelite, and kaolin occur with the form of leucite (pseu- 
domorphs) as a result of its alteration. 

Anarthitey Al*0®.SiO* + CaO.SiO^, is a common volcanic product of Hekla, 
Vesuvius, Etna, the Faroe Islands, Iceland, and elsewhere. Analyses: (1) From the 
plains of the Thjorsa, Iceland. (2) From the isole dei Ciclopi, Sicily (for others 
see i. 308). 



SiO* 

A1“0* 

Fe*0» 

MkO 

CaO 

Na*0 

K“0 

1. 

48*36 

30*59 

1*37 

0*97 

17*16 

1*13 

0*62 = 100*20 

2. 

41*46 

29*83 

2*20 

0*66 

20*83 

2*32 

1*72 = 99*01 


The anorthito from the plains of the Thjorsa is the Thiorsaite of Genth ; that from 
the Cyclops Islands, oif the east coast of Sicily, is the Ciclopite of Sc^torius von 
Waltershausen. 


Al*(?^2SiO* + RO,SiO^[R=Ca,Na2]. — Found in dolerites and basalts 
in Antrim, Iceland, Italy, Sicily, and elsewhere. It easily undergoes decomposition 
under the influence of air, water containing carbonic acid, and alkalis. For analyses 
see ii. 451 ; vii. 512; viii. 772, 774. 

OUgoclasey 2(Al“0*,3Si0‘‘*) + 2Na-0,3Si0®. — Found in many volcanic products in 
Teneriffe and Iceland ; in obsi4^ian at Zimapan, in Mexico ; in pumice at Arequipa, in 
Peru, and in various lavas and trachytes. For analyses see iii. 198 ; vii. 512, 513 ; 
Tiii. 774. . * 


Orthoclaset or Potash Felspar^ K^APSi®0**, or K*0,APO*,6SiO-, and its glassy 
varieties, sanidin and ryacolitey ^ccur in trachyte *and many other volcanic rocks. 
Alhitty or Soda-felspar y Na^APSi^O**, is found in trachyte in the island of Pantellaria, 
at Langufjall in Iceland, and many other localities (ii. 620>622; vii. 608-510; 
viii. 773). 

On Obsidian and Pumice see iv. 169 ; viii. 1422. Almost any lava may be con- 
verted into obsidian by melting and rapid cooling. The writer found that on ^sing 
Giant’s Causeway basalt in a gas furnace, and cooling it rapidly, a perfect glass, 
structureless and transparent under the microscope, was produced. By cooling less 
quickly, a substance was obtained which was absolutely opaque in the thinnest sections 
that could be procured. 

KrablitCy or Baulitey is the obsidian of Mount Krabla in Iceland, and is' similar 
in composition to pitchstones and obsidians. Contains 80*23 per cent. SiOV 12*08 
APO», 0*95 MgO, and 7*18 K>0 and Na*0. 

The following silicates, described in thi.s or the preceding volumes of thiS'Big- 
tionary, have also been found amongst volcanic products : ^ 


Analcime 

Apophyllito 

Brewsterite 

Chabazite 

Chondrodite or Humite 

Epistilbite 

Gehlenito 

Guarinito 

Gismondin. 


Herschelite 
Mesolite 
Natrolite 
Okenite 
Prehnite 
Scolecite ‘ 
Thomsonite 
Titanite or Sphene 


Boifttes. Boron occurs in only a few min^als. SassolitCy or native boric acid, 
occurs abundantly in the crater of Vulcano as a layer upon sulphur; also on Vesuvius, 
at Krisuvik in Iceland,^ at Atacama, at Basso near Sienna, in boraeic acid Iqgoons and 
soifioni, and elsewhere.' Ammonium sulphate often condenses with it in the soffioni. 
In a hot spring at Krisuvik 1,426 grains of crystallised boric acid havU been found. 

Ammonium Borate, or Larderellite, and Iron BoratCy or Lagonite, are found as in- 
crustations around the lagoons of Tuscany. 


Snlpbaten. Sulphuric Addy mineralogically SulphatitCy is noticed below under 
* Liquid Volcanic Products.’ 

Aphthitalite, or Potassium Sidphate, the * Vesuvian Salt ’ of Spiithson, called also 
Glaserite and Arcanitey has been found in the form of crystals on Vesuvian lava. . A 
specimen gave, on analysis, 71*4 K®SO^ 18*6 Na®SOS 4*6 NaCl, and*6*4 Cu(I®,NH^01 
and Fo*Cl®. 
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Misenite, or Poiassimn-hydrog^ Sulphate, has been found by Scacchi in a hot 
tufa cavern near Capo Misenu?p, fti the volcanic district around Naples. Thenardife, 
Na*SOS was found by Scacchi on the scoriae of Vesuvius after the eruption of 1866. 
Ma^ca^nite, (NH*)*SQ\ has been found in the fissures of the lavas of Etna, Vesuvius, 
and Lipari, and in the boric acid lagoons of Tuscany. Boussingaultite, a double 
sulphate of ammonia and magnesia, has also been found in the Tuscany lagoons. 
Mirdbilite, Na^O^10H*O, is abundant in a cavern of the volcano of Kilauea, in the 
Sandwich Island'^. It has also been found on Vesuvius. The Rxanthdose of Beudant 
found on Vesuvius contained Na'^SO ‘,211-0. Gypmm has been found near fumeroles 
from which sulphurous acid escapes, also around the mud cauldrons of Erisuvik. 
Pwronwrite, a magnesium-potassium sulphate, was found on Vesuvius among the salts 
produced during the eruption of 1855. Chalcantkite, or Cyanosite, CuS0‘,6H*0, 
was observed among the Vesuvian minerals after the eruption of 1855. Cya 7 iochroite, 
the Cwnocroim of Scacchi, a hydrous sulphate of potassium and copper, was found on 
the lavas of Vesuvius after the eruption of 1855. Altmogm, Al"S0‘sl8H-0, has 
been found atTasto in the crater of a volcano, atKrisuvik in Iceland, and at Vesuvius. 
Coquinihite, 1?®J(S0^)®,9IP0, was found by Scticchi around tlio fumorol(*s of Vesuvius 
after the eruption of 1855. Kalinite, or potasli-alum, has been found in Viileano 
associated with the alums of Thalliwm, Jiubidium, and Ctesium. (See Minehai.s ok# 
Volcano, p. 1330.) Voltaite, a ferroso-ferric sulphate (v, 1006), has been found at the 
solfatara of Puzziioli. HaUlrkhite, Ar-(SO<)* h- 1 in silky fibres, has been found 
at the solfatara of Puzzuoli and elsewhere. Alunite, A1K(S0*)-,A1H*() is 

sometimes found in seams in trachytic and allied rocks, as a result of the alteration 
of the rock by sulphui'ous vapours. Brochantite, CuS0‘,3dhir-0‘-, also called Krisu- 
vigite/xs occasionally met *wi|ih among volcanic products, e.g. in small quantities at 
Krisuvik. ' 

Carbonates. It is que8tioiial)Io»to what extent we are j\istiJied in regarding any 
carbonate as a volcanic pi’oduct. The carbonates of co^er, calcium, and magnesium 
have, however, been found in blocks ejected from Monte Somma. 

Pbospbates. Apatite, Ga?(PO% containing also chlorine and fluorine, has 
been found in crystals in ejected blocks on Somma near Pollcna. Copper-Uranite, 
(U0-‘)’‘Cu(J*0*)’‘ + 8H*0, is mentioned by Monticelli as having been found in green 
laminte in cavities of certain lavas of Vesuvius, but the statement wants verification. 


Proximate Cofnposition of Lava. 

The ultimate composition of various typical lavas and mixed volcanic products 
has already been given (p. 2105). The determination of their proximate constitu- 
tion is a matter of greater difliculty ; the microscopic examination of thin sections of 
the nyk often reveals to us which minerals preponderate, but no more than this. 

Haugjton and Hull have recently cndcavouri*d to answrer, in regard to Vesuvian 
lavas, the question, ‘ What is the proportion of each mineral present in the lava, and 
why does that proportion exist?’ The various lavas which have flowed from 
Vesuvius are mainly made up of nine minerals of known composition, viz. leucite, 
plagioclase (triclinic felspar), magnetite, olivine, angile, homhlendc, mica, nephelite, 
and sodalite, together with an unknown quantity of a 'paste of unknown composition. 
This pai^ is the chemiad residuum which remains over and above the chemical 
elements used up in the formation of the minerals. The question of the proximate 
composition of the lavas has been discussed by Uaughtoii as a branch of ^he indeter- 
minate analysis, and ho assumes as his starting point the following principle : ‘ Of 

the numerous solutions possible, that one wdll occur in nature which involves the 
largest amount of definite minerals and Lae least amount of indefinite psiste.’ This 
principle has been applied by Haughton to i wenty of the Vesuvian lavas, whoso date 
of eruption ranges between 1631 and 1868. The lavas vary but slightly in composi- 
, tion. The following tables show the ultimate and pr(vtim;ito composition of two 
lavas separated by itiore than 200 years. 

Ultimate analysis: a. Lava della Scala, 1631 ; b. Fosso Grande, 1858. 

SiO* P“0‘ F Cl A1“0* Fe’O* FcO MnO TiO CaO MgO K*0 Na“0 11*0 

«. 47*474 0*45 0*08 0*39 16*67 4*20 5*90 1*15 0*23 9*98 4*34 7 46 2*28 0*08 

b. 46*36 — ♦ 0*06 18*60 4-12 4'94 1 00 0*29 9*09 4*00 7*18 2*96 0*40 

,* * No\ determined. 

The proxiiMte wnititution of the same lavas, determined by the method of in- 
determinate anah’sis, and Haughton’s principle above alluded to, is ; 

Yol. VXII, ‘ 6 U . 
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Leadto Annrthite Magnetite Olivine Augito Nepholite Sndalite Apatite Paste 
a, 40-6 6-9 4-9 trace ' 31*1 a*5 trace 11 ^ 0 

5. 40-8 12-3 4-8 trace 28*6 — 7*1 — '6*34 

The paste of 1631 contained 37*2 per cent. SiO^ 16*1 CaO, aud 46*7 FeO, and may 
therefore be represented by the formula CaO»FeO,SiO‘. 

Nodules in the Lava of Santorin, Grecian Archipelago , — According to FouquS 
{CompLrend, Izxx. 631), some of these nodules are hollow, while ^others are com- 
pletely filled. The hollow nodules contain wollastonite, together ^th fassaite, less 
frequently with melanite ; they also contain several undetermined mineral^ including 
a chlorinated calcio-sodic silicate. In the perfectly filled nodules melanite is wanting, 
but quartz is said to occur. The nodules ore traversed by greyish veins of lava, in 
which a vitreous ground-mass predominates. The following are analyses of these 
bodies : 

Wollastonito. 


/ 




Cracked, 


Associated 



with 

Associated with ^ith Garnet 

Very pure 

Encl(»ures 

Fassaite 

(Melanite) 

Silica 

46*2 

45*5 

43*9 

45-7 

45*0 

Lime 

41*8 

430 

41*3 

42-2 

42*1 

Magnesia 

1-5 

0*8 

2*0 

1-9 

1*6 

Alumina . 

7*1 

4, 7*2 

9*5 

8*6 

8*1 

Sesquioxide of iron^. 

2*9 

2*8 

2*5 

2*0 

2*8 


99*0 

99*3 

99‘2i 

100*9 

99*6 



Melanite flarnet 

Fassaite Pyroxene 

Silica 

, 

. 35*& 


46*8 


Alumina . 

1 

. 12*2 


101 


Sesquioxide of 

iron . 

. 16*8 


10*4 


Lime . 

, , 

. 33*3 


24*9 


Magnesia . 

• 

. 1*2 


6*8 




99*1 


99*0 

• 


Fouqu^ has also analysed masses rich in oligoclasc, which are enclosed in the 
Santorin lavas. These masses, which to the naked eye appear compact, are resolved 
by microscopic examination into aggregates of predominant felspar, less abundant 
pyroxene, and a small proportion of magnetic iron oxide, all irregularly imbedded in 
a greenish-brown vitreous mass. The majority of the pyroxene crystals are found, on 
closer optical examination, to bo rhombic, and have been recognised hy Des Cloizcsux 
as hypersthene ; the minority are monoclinic, and consist of true avgitea. Analyses : 
(1) 01igocla.se; (2) Hypersthene; (3) the entire aggregates. • 



SiO“ 

Fe»0* 

APO> 

CaO 

MgO 

Na»0 

K*0 

8i>.gr. 

1. 

69*7 

0*4 

23*2 

7*9 

10 

6*6 

0*8 = 99*6 

2*629 

9, 

48*6 

21*3 

6*0 

3*2 

20*0 

trace 

— = 99*1 

3*472 

3. 

58*4 

8*1 

20*7 

6*0 

2*7 

3*7 

0*5 =100*3 

2*687 


The species of felspar recognised by Fouqu6 in the latest eruption of Santorin are 
albite, oligoclase, labradorite, and anorthite. < 

On the volcanic phenomena of Santorin, see farther * Santorin et ses flriiptions* 

F. Fouqu6, ^to. Paris, 1879 ; abstr. Jahrhuch fur Mineralogie, 1880; ii. Band, liefe- 
rate^ 306-309; C^em. Soc. «7., July 1881. 

• 

II. Liquid Volcanic Pboducts. 

Water is the liquid which most frequently makes its appearance ia all manifesta- 
tions of volcanic activity. Jndeed, it is frequently asserted that volcanic phenomena 
depend upon the presence of water, and that superheated steam is the cause of all the 
phenomena of ejectment which volcanoes present. Steam is sometimes continuously 
emitted for years from the craters of volcanoes, or from fissures or orifices on their 
fianks, or from the floors of otherwise dormant craters. * That the lava of volcanoes,* 
says Professor Judd, * is a fluid mass containing imprisoned water, which, as it is 
relieved from pressure, flashes into steam, is now recognised by all geologists.' The 
changes of composition produced by the actioh of superheated water upon rocks are 
very various. These changes can be very advantageously s^idiSd in Iceland, and 
Bunsen has done much to extend our knowledge of thermal springs and water-meta- 
morphism in that country. The springs of Iceland Are distinguished from all other 
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European thermal springs by the large quantity of silica which they contain. They 
are either ^id or alkabne. Thrtft^rmer are connected with the solfataras, or 
ancrowe^ their acidity to the presence of ammonia, soda, or potash alums. They con- 
tain vanous sulphates and chlorides, and deposit sulphur and gypsum. The alkaline 
springs are the conimoner of the two, and constitute Geysirs^ Laugs^ and livers. 
Their alkaline reaction is due to the presence of alkaline sulphides and carbo- 
nates, which serve as solvents for the silica, and produce deposits of siliceous sinter 
or gegserite. 

The followiifg is an analysis by Bunion of a slightly acid water taken in August 
1846 from* one of the largest of the .mud cauldrons of the Reykjahlider solfatara, 
between the N.E. declivity of the Namarfjall and the Burfoll lava stream, in 10,000 
parts : 

CaSO* MgSO* (NH*)>SO* Al*(80*)» Na*SO* K*SO* PiO“ A1*0* H*S 

1-2712 1-0662 0-7333 0-3261 0-2674 0-1363 0*4171 0-0637 0-0820 

The water of the Great Geysir, analysed in Bunsen’s laboratory by Dr. Sandbeiger 
in 1846, gav^n 10,000 parts : 

SiO» Na-CO* (NID'CO* Na»SO* K»SO‘ MgSO* NaOl Na»S CO- 

0‘6097 0-1939 0*0083 0*1070 0*0475 0*0042 0*2621 ' 0*0088 0 057J 

None of the rocks of Iceland resist the decomposing action of thermal waters, and 
these decompositions may be traced in the rocks of all ages. A variety of pro- 
ducts is the result. The siliceous compounds frith which these waters come into con- 
tact are formed into acid or basic silicates ; the former aje dissolved by the waters, 
the latter give rise to insoluble strata of clay. 

Mud , — Certain small volotsiic vents in various parts of the world bring to the sur- 
fjico quantities of hot argillaceous mud. resulting from tbo action of water containing 
various substances in solution, upoif different kinds loi k, a>rarying temperatures 
and pressures. 

Sulphuric acid is often found in the neighbourhood of volcanoes, containing in 
solution Yiirious sulphates, which it has dissolved out of the different rocks with 
which it has been in contact. It is found in cavities in the small volcanic mountain 
called ^jpccolino, near 8iena; in the stream issuing from Mount Purace, between 
Quito andBogoto; in a stream proceeding from Mount Idienne, in .lava; and else- 
where. The water of the Rio Vinagro, which rises near the Volcano Purace, has 
l)ecn found by Boussingault to contain in 106,000 parts : 

SO- irci SiO- AI-CJ- CaO NVO 

134*75 121*70 2*37 10*28 13*33 12*32 = 324*76 

A torrent ncjir Pastowas sufficiently acid to evolve hydrogen in contact with zinc. 
Near the Rio Guali a thermal spring was met with which contiiined 634*6 parts of 
sulphuric acid in 100,000. The sulphuric acid is undoubtedly produced by the action 
of hydrochloric acid at a temperature of from 700° to 900° upon sulphates ; and the 
hydrochloric acid results from the action of aqueous vapour and silica upon chlorides 
at a red heat (Compt. rend. 78, p. 466 et scy.; Chem. Soo. J. 1874, p. 662). 

Liquid Hydrocarbons, — Various liquid hydrocarbons have been found from time to 
time in the noighbourhoo<l of volcanoes, as by Breislak at the foot of Vesuvius, in the 
Val di Noto in Sicily, and among the extinct volcanoes of Auvergne. Quito recently 
Silvestri has detected a miue]*al oil in the cavities of a prehistoric doloritic lava found 
near Paterno, on the Oanks of Etna (.see Paravkins, p. 1489). It was found in close 
proximity to the clay deposits of a mud volcano. The lava consistj^ed mainly of augite 
with crystals of olivine and labrjxdorite. Ti. (vjiitaincd numerous cavities lined #irith 
arrugonito and filled with a mineral oU, which latter was found to constitute about 
1 per cent, of the whole weight of the lava. The mineral oil was taken from the lava 
at a temp, of 24° C., and it soldi ^letl at 17° to a yellowish-green mass, which on 
analysis gave the following composition : * ^ 


Liquid hydrocarbons boiling at 79° 

. - 17*97 

Hydrocarbons solidifying below 0°, andl 

. = 31*96 

boiling between 280° and 400 ° j 


Paraffin molting between 62° and 67° 

. = 42*79 

Asphalt containing 12 per cent, of ash 

. = 290 

Sulphur . ,. . . ♦ . 

. ^ 4-32 

• 

» 

99*93 


Am Afca^emia Gioenia, Serie III. vol. xii. 

6 u 2 
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III. (xASBOUg Volcanic Pboducts. ^ 

Tho principal gaseous products of volcanoes are oxygen, hydrogen, nitrogen, chlo- 
rine, steam, hydrochloric acid, ammonia, sulphurous acid, hydrogen sulphide, carbonic 
acid, and marsh gas. The gases which are evolved from the principal vent after thn 
issue of lava frequently consist of little else than atmospheric aiir. Hydrochloric acid 
and sulphurous acid, particularly the former, are products of intense volcanic activity. 
Carbonic acid and nitrogen appear during tho more languid periods df activity, while 
hydrogen sulphide holds an intermediate position, and is never evolved during tlio 
most active stage. 

The following analysis by Bunsen of the gases of a fumerolo in tho great crater of 
Hekla, in 1845, will illustrate the general nature of the gases evolved after the emis- 
sion of lava : 

N 0 co= so** 

81 81 14-21 2-44 1-54 = 100 

At tho solfatara of Krisuvik, in Iceland, jets of steam mixed with ot]^r gases issue 
from tho ground with sufficient force to project stones as large as the fist to a height 
of several feet, i The jets of vapour wore found by Bunsen to contain in 100 parts ; 
<12'30 H'-'O, 15*47 CO-, 1*17 H‘“S, 0-76 H, and 0-30 N. The mixed gases separaUid 
from the aqueous vapour contained in 100 parts : 87*43 CO-, 6-60 H®S, 4*30 H, and 
1-67 N. 

In tho course of twenty-four hours^this fumerole yields approximately 223 cubic 
meters of hydrogen sulphide and 12 cubic meters of hydrogen. A neighbouring 
fumerole gave a mixture of gases containing 15*71 per cont.pf sulphuretted hydrogen. 

The following is tho analysis by Bunsen of a fiimrAjle gas from Hoykjfihlidji, in 
the north of Iceland, remarkable for the large amount of hydrogen which it contains : 

CO" TI H»S» N 

30-00 ‘^0-13 24*13 0*72* - 100 

Fumerole gas from the immediate neighbourhood of tho great geysir at Haukadalr 
gave : 

N CO" II II»S 

84*11 8*92 6*69 0*38 = 100 

Silvestri analysed some of tho fumerolo gases of tho eruption of hh na in t8G5, and 
found thorn to consist of : 

CO" IPS O N 

50*5 11*9 70 30*5 


Tho gas evolved from a fumerole in tho volcanic island of Santorin after tho eriiptif)n 
(jf 1866 was found by Gorceix {Compt. rend, Ixxv. 270) in 1870 to contain 19*4 HCI, 
12*0 SO*, and 68*5 CO*. Gorcoix has also aiialysod .the gases emitted from tho 
fumeroles of Nisyros {^Compt. rc^hd. Ixxviii. 444-6). Fumerole No. 1 was situatcfl 
within the aperture formed in June 1873 ; No. 2, on tho lateral wall ; Nos. 3-G Voro 
on the fianks of the original crater. Tho carbonic acid and sulpliuretled Ifydrogen 
obviously decrease with tho increase of distance from the centre of activity. ^ 


Sulphuretted hydrogen . 
(/Urljonic acid 
Oxygen 
Nitrtjgcn 


Teinporaturea 100° 

100° 

■ 

92° 

70° 

66“ 

I 

II 

HI 

IV 

V 

vr 

. 48*8 

44*5 

4-6 

1*5 

— 


. 40*9 

49-2 

l,-8 

14*7 

7*0 

5*5 

1*1 

1-0 

13-8 

16*6 

18*1 

18-2 

. 3*2 

5-2 

63*5 

67*8 

74*8 

79-2 


Of the vjfrioiis gaseous volcanic products free hydrogen is at first sight tho most 
difficult to accouutVor. Bunsen has shown that the conversion of pyroxenic rocks 
into palagonite is accompanied by a considofable disengagement of pure hydrogen, 
which results from the oxidation of ferrous silicate into ferric silicate. This change, 
however, presupposes so high a temperature that carbonic acid could no^ exist in con- 
tact with hydrogen without suffering partial reduction to carbonic oxide ; but no 
trace of this gas is found in* volcanic emanations. Tho formation of hydrogen and 
the other fumerole gases may, however, bo supposed to take place as follows. When 
sulphur-vapour and steam come into contact with pyroxenic rocks at a red heat, a 
partical decomposition of ferric oxide takes place, and tho sulphur is divided between 
tho iron and the oxygen, forming sulphurous acid and sulphide of iron, FeS*. If steam 
now comes into contact with tho sulphide at a red heat, hydrogen sulphide is formed 
together with magnetic iron oxide, Fe*0*. If tho temperatuiti slightly excoerls a red 
heat, a part of the hydrogen sulphide is decomposed into hydrogen and sulphur. 
Bunsen found that when basalt is heated to redness in hydrogen sulphide, and after- 


* 8o in tlic original juiper; probably a misprint for 20*72. 
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wards raised to a higher temperature in a current of steam, a gaseous mixture is 
evolved, giving by analysis OS’QPfper cent. H«S and 6*01 H. This reaction explains 
the iaccurrence of hydrogen in iumerole gases. Bunsen considers that the metallic copper 
found in the palagonite tuflf of the Faroe Islands has been reduced by hydrogen from 
copper chloride. ^ 

Diego Franco (Ann. Chim. Phys. [4], xxx. 87 ; Jahresb.f. Chem. 1873, 1229) has 
demonstrated the emission of carbon dioxide in all stages of volcanic action, especially 
from Vesuvius, in which he has found this gas both in the central cone and in the 
flowing lavas, ^e has also given numerous analyses of gases omitted from flowing 
and from hardened lava, an'd found caij^oc dioxide in them all. 

G. F. R. 

VOXiUMfi, SPISCZFZC. Atomic Volume.— (\), Of Uquids. By dividing 
the specific gravities of liquids taken at the temperatures at which their vapour- 
tensions are equal to the standard atmospheric pressure- that is, at their ordinary 
boiling points — into their molecular weights, certain comparable values are obtained 
which are k^wn as specific volumes. If the specific gravities are referred to 
water at 4° G., those values represent the number of cubic centimeters occupied by 
the relative molecular weights of liquids, expressed in gramr, at their respective 
boiling points under the standard pressure. The numbers so obtained were first 
shown by Kopp to exhibit certain definite relations which may be briefly indicated as 
follows : 

1. In many instances differences in specific volume are proprrrtional to differences in 
corresponding chemical formula. Thus a alfforenco of Cli- in a homologous series 
corresponds to a difference of about 22 in the specific vi^unie, or (CIl‘‘*)a* = 22.r. On 
comparing the specific vMuiics of similarly constituted haloid compounds, it is seen 
that the substitution of n atoms of bromine for an equal number of chlorine atoms 
increases the specific volume Ijy 

2. Isomeric and mctameric liquids have, as a rule, *1 ho samV'specific volume. 

3. The subslitution of an atom of carbon for 2 of hydrogen makes no alteration in 
the specific volume of members of certain groups of organic liquids. 

It would seem to follow, from Kopp*s observations, thsit the specific volume of a 
liquid formed by the union of two other liquids is equal to the sum of the specific 
volumes of its components. It may also be inferred that the members of the same 
family of elements possess identical specific volumes; thus tlio common value of 
))hosphoru8, arsenic, and antimony W'ould appear to be about 27 ; that of silicon, 
titanium, and tin would seem to be about 35. 

On the basis of these conclusions Kopp was able to calculate certain fundamental 
values for the specific volumes of the elements in combination. Those values are as a 
rule constant for the particular element ; thus carbon has invariably the value 11, 
hydrogen that of 5’5. Exceptions are observed in the case of the chemical analogues 
oxjgun and sulphur. Each of these bodies has Uvo values, depending, it would seem, 
<m its^iode of combination, or on its relation to the rt-maining atoms in the molecuh!. 
For example, acotf)ne and allyl alcohol have each the empirical formula 0*11*0, but 
the specific volume of acetone is 78 2, wdiilst that of allyl alcohol is 73-8. The cou*- 
•stitutiou of acetone may be ex{)resscd by the formula CH*.CO.CH®, whilst that of 
allyl alcohol is CH'*i=CH — CH-OH. In the ease of acetone the affinities of the 
oxygen arc wholly satisfied by the carbon- -that is, we have reason to think that the 
oxygen-atom is more int’/natoly associated with one of the carbon atoms than it is 
with any one of those of the other elements, whereas in allyl alcohol a moiety of the 
combining value would seem to bo satisfied by carbon and the remainder by hydrogen. 
It appears, then, that when oxygen is united to an element by both i|^ affinities, its 
specific volume is 12*2 ; when it is attached by only one combining unit, its specific 
volume is 7*8. The corresponding varies for sulphur are 28'6 and 22*6. • 

Thorpe has pointed out (Proc. Hoy. Soc. cl\. 1876) that these differences in the 
values for the specific volumes of oxygen and sulphur may be employed to throw 
light upon the constitution of such bodies as phosphoryl t richloride and thiophosphbryl 
trichloride. If the phosphorus in these substances be •regarded as tri valent, they must 
possess the constitution 

CPP-^O— Cl CFP— Cl 

If, on the other hand, the phosphorus is quinquivalent, they must be written 
Cl*P=:;0 C1*P=S 

It is obvious that Jhe knowledge of the specific volumes of PCI®, POCl®, and PSCl® 
will serve to indicate the mode of combination of the oxygen and sulphur, and hence 
to determine the atomic value of the phosphorus in these compounds, provided that 
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the specific volume of the phosphorus is invariable, or is independent of its atomic 
value. 

The sp. vol. of PCI®, according to Thoroe, is 93*3 ; Pierre found 93*5 ; Buff, ; 
the mean of these numbers is 93*4. Bun and Thorpe found the sp. vol. of POCP 
101*4 ; whilst that of PSCl®, according to Thorpe, is 1161. « 

Sp. vol. of POCi'* — Sp. vol. PCI* Sp. vol. of O Calc. Bp. vol. 

101*4 - 93*4 = 8*0 7-8 

Sp.vol.PSCP - Sp. vol. POP Sp. vol.ofS • 

116*1 - 93*4 - 22*7 22*6 . 

That this close agreement between the observed and calculated values is not a mere 
coincidence is seen from the fact of the difference between the two values respectively 
of oxygen and of sulphur ; in the one case the difference is 4*4, in the other it is 6*0. 

The observations of Pisati and lie Franchis {Gazz, Chim, ital, 1874 ; Ber, dcutsch 
Chem. Ges. 1875, 70; Jahr. 1875, 50) of the thermal expansion of solid and liquid 
phosphorus afford a determination of the specific volume of this element in the free 
state. The phosphorus melted at 44*4°, and boiled at 278*3° under w pressure of 
762 mm. The following numbers, selected from the numerous observations of Pisati 
and Do Franchis,* show its specific gravity at various temperatures : 


Solid Liquid 


0° 

1*83676 


40° 

1*74924 

20° 

1*82321 


100° 

1*69490 

44° 

1*80681 

1 

200° 

1*60270 




280° 

1*52867 


The ratio of the volumes of solid and liquid phosphorus at 40° was 1*03446, and 
at 44° 1*0504. Kopp found 1*0343 at 44°. Tho volume of the solid phosphorus at 
^° referred to that at^° is expressed by ' 

Vj « \\ -I 0*000200^ + 0*0000001 15^-. 

Tho expansion of liquid phosphorus between 50° and 280° is given by tho 
expression 

Vt = V^o -I 0*0002969 (< - 50) + 0*0000002115 (< ~ 50)'-. • 

Pisati and De Franchis found some difficulty in preventing a partial transforma- 
tion of the yellow phosphorus into the red modification, and tho numbers denoting the 
specific gravity at higher temperatures are probably slightly too high on this account. 
The observation of Schrcitter that melted phosphorus at 44° has a higher specific 
gravity (1*88) than when solid at 10° (1*83) was probably owing to tho same cause. 
The specific volume of phosphorus calculate from the observations of Pisati and De 
Franchis is 20*2. A similar result has recently been obtained by Masson and Bamsay, 
who found the specific gravity of phosphorus at its boiling point to be 1*485, whShce 
the specific volume = 20*91. The sp. vol. of phosphorus in the free state is tfiereforo 
'different from that which it possesses in such compounds as PCI®, PBr®, and PCP.CIPO. 
Whether it is different from that of the element as existing in POCl®, POBrCl®, and 
PSCl® depends upon the view which is taken of the constitution of these bodies ; but 
there is no a priori reason for supposing that the volume of tho combined phosphorus 
would be different in the two series of compounds. It ipay bo contended, from tho 
well-known anomaly in tho vapour-<lcnsity of the element, that free phosphorus and 
combined phosphorus are not in comparable molecular states. 

The ^eci^ volume of nitrogen also appears to be variable. According to Kopp 
in the amines it is 24*3 ; in cyanogen and certain nitro- compounds it is about 17. No 
ratioLal explanation of this difference has yet been given. In fact, the observations 
of Bamsay {infra) seem to afford widely difiorent values for the specific volume of 
nitrogen in different amines, and appear also to show that this element has a distinct 
value in the pyridine scries of bases. * On the suppositiun that the atomic value, of an 
element is variable, Buff has «juggosted (Ann. Cham. Phami. Suppl. iv. 129) that its 
specific volume is a function of that value. So far as we know there is no a priori 
reason why oxygen, sulphur, and nitrogen should alone possess variable specific 
volumes. (Compare i. 440-452 and vi. 236-237.) 

Thorpe has recently determined tho sp. vol. of a large number of specially selected 
liquid substances (Chem. Soc. J. 1880, xxxvii. 145-394), with the view of obtaining 
facts for a discussion of the following points : . . 

1. Is it definitely established that an element in combination h#s, as a rule, an 
iovariablo specific volume ? May not the volume be modified b^^ the number of the 
atoms cf that particular element in the molecule ? Is it altogether independent of the 
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/:;Gneral complexity of the molecule, or may not the specific volume of the molecule be 
a function of its weight ? 

2. Do the various members of a given family of elements possess identical specific 
vol;''^mcs, or may not the^ vohynt^be a function of the atomic weight ? 

3. Would a re-examination of the cases of so-called variable atomic value serve 

to show that the specific volume of an element is a function of that value, as Buflf 
supposes ? 4 

4. The hypotheses of Mendelojeff and Meyer indicate the need for additional and 

more exact determinations of the values for the specific volumes of the elementary 
bodies. « 

The ipethod of observation was es.>entially that employed by Kopp, which involves 
the determination of the sp. gr., boiling point, and rate of thermal expansion of the 
liquid. For the details of the modes of experiment, which differed in many respects 
from those hitherto adopted, "wo must refer to the original memoir (loc, cit.') The 
sp. grs. wore taken at 0®, and are compared with water at 4® ; the boiling points are 
corrected and reduced to the standard pressure, and the rates of expansion are repre- 
sented by expressions of the form 

> V = 1 + + bt^ + ct^. 

All temperatures are expressed in air-thermometer degrees. 

The results are contained in tlie following tables. Table gives the several 
values of the coefficients in the expression representing the thermal expansion of the 
particular liquids investigated. 

Table II. shows the relative volumes of the several liquids at every 10® between 
0° and their boiling points. • 

^ Table III. shows the formulae and molecular weighty of these bodies, their boiling 
points under the standard nrcssuro, their relative volumes at this temperature, their 
specific gravities at 0®, anS iit their respective boiling points, and lastly their specific 
volumes. 

The conclusions which Thorpb deduces from his ebservations may be stated as 
follows. * ^ 

1. Tt does not seem absolutely proved that isomeric liquids of the same chemical 
typo, using that phrase in the sense in which Kopp employs it, have invariably the 
same specific volume. It is certain, for example, that ethylidene chloride and Dutch 
liquid^ have not the same specific gravity at their boiling points, and accordingly 
have not the same specific volume. The observations have given for — 

Sp. gr. at b.p. Sp. vol. 

Ethylene chloride . . 1*16635 85*34 

Ethylidene chloride . . 1*10923 88*96 

3-62 

This difference of 3*62 cannot he attributed to errors of observation. Moreover 
tjjio specific volumes of ethylene chloride and of its analogues, and C'^HUCl, 

are (^nsiderably below the numbers calculated by means of Kopp’s values. 

Observed Calculated Diff. 

Ethylene chloride . . 85*3 89*6 4 2 

„ bromide . . 97' 1 99*5 2’4 

„ chloriodidc. . 101*0 104*2 3*2 

It seems not improbable that the specific volume of carbon or of hydrogen, or of 
both, may be slightly modified by the mode in which the atoms are grouped in a 
compound ; that wo may have, in fact, variations of a kind analogous^ to that which 
Gladstone, and more recently Bruhl, have shown to exist in the atomic refraction ot 
carbon, dependent on the manner of its combination. Indeed, it iS not improbable 
that an intimate connection exists between the refractive poweTof such compqjinds and 
t heir specific volumes. Laiidolt liiil inferre*! that differences of molecular grouping in 
no way affect the refractive index of the constituent atoms, and Gladstone has shown 
that as a*general law the molecular rofi*active power of a body is equal to the sum 
of the refraction of the atoms, just as it has been ijiferred that the specific volume of 
carbon is invariable, and that tlie specific volume ot a compound liquid is equal to the 
sum of the specific volumes of its constituent elements or compound radicles. Ex- 
ceptions, however, are known to this law. Thus the molecular refraction of many 
benzene derivatives, ethereal oils, and terpenes, and other bodies relatively rich in 
carbon, is considerably greater than that calculated from their atomic refractions. 
Briihl has succeeded in detecting the relation between the constitution of these bodies 
and their optical character ; he has shown that their refractive power depends upon the 
mode of conftination of the constituent atoms. It appears, for example, that in the 
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cafte of unsaturuted bodies the atoms, which are more than once directly united to 
each other, exert a greater influence in propagating light than atoms which with the 
Marne atomic value are united to other atoms. Gladstone has pointed out that 
isomeric bodies occasionally differ widely in their opticalipropertios. Thus aniline And 
picoline, each have widely different rofraction equivalents. It is also certain 

that they have totally distinct specific volumes ; thus : • 

Aniline Fioolinc 

106*2 111*6 

It may be fiirthcr noted that a large number of these bodies, of whicl^ the molecular 
refraction is greater than the computed value, have also a specific volume considerably 

« 

Tablr I. 


Substauco 


a 


b 


c 


Bromine . 

Iodine monochlorido . 
Kthylenc bromide 
Ethylene chlorioijide . 
Ethylene chloride 
flthidene chloride 
Acetyl chloride . 
Triehloracetyi chloride 
Chloral 

Pentachlorethane 
Methene chloride 
Chloroform 
Chloropicrin 
Carbon tetrachloride 
Bromoform 

Trichlorobrom methane 
Proprionitrilc . 
Epichlorhydrin . 

Allyl alcohol 

Acetone 

Heptane 

Ethyl-amyl 

Octane 

Di-isobutyl 

Aniline 

Picoline 

Nitrogen tetroxido 
•Silicon tetrachloride . 
Titanium tetrachloride 
Tin tetrachloride 
Phosphorus trichloride 
Phosphorus tribromide 
Phosphoryl chloride . 
Thiophosphoryl chlo- 1 


0*00106218 

0*00091590 

0 ‘ 0009 d 28 d 

000093692 

0*00115303 

0*00128402 

0*00136948 

000109113 

000108715 

0^0094901 

0*00130805 

0*00123024 

000110070 

0 * 001 fi 0719 

0*00094116 

000108231 

0*00122775 

0*00102660 

0*00099371 

0*00135293 

0*00121023 

0*00123940 

0*00118304 

0*00119701 

0*00086295 

0*00096653 

0*001591 

0-00133095 

0*00098261 

0*00116055 

0*00115920 

0*00084117 

0 00107510 

0*00100860 


0*00000187714 

0*00000083206 

0*00000068346 

0*00000041513 

0*00000082569 

0*00000189062 

0*00000207390 

0*00000027205 

0*00000280306 

- 0*00000007450 

0*00000273596 

0*00000171380 

0 * 0000 e 046576 

0*00000067109 

0*00000027800 

0*00000065582 

0*00000204064 

0*00000061974 

0*00000059986 

0*00000302426 

0*00000111330 

0*00000119318 

0*00000018665 

0*00000062122 

0*00000027351 

0*00000084590 

- 0*00000397015 

0*00000280978 

0*00000050553 

0*00000064617 

0*00000116370 

0*00000054289 

0*00000099131 

0*00000065582 


- 0*000000003085 
0*000000002750 
0000000003947 
0*000000004501 
0*000000009625 
0*000000007848 
0*000000012185 
0*000000008293 
- 0*000000016040 
0*000000005280 
- 0*000000001330 
0*000000008338 
0*000000007833 
0*000000013478 
0*000000004260 
0000000005858 
0*000000004675 
0*000000006657 
0*000000012285 
- 0*000000000290 
0*000000011740 
0*000000013060 
0*000000012947 
0*000000014166 
0*000000003466 
0*000000004567 
0*0000002153 
0*0000000021 i7 
0*000000005131 
0*000000007727 
0*000000008029 
0*000000001889 
0*000000005757 

0*000000004746 


Phosphoryl bromo- 1 
chloride • c ) 
Ethoxyphosphorus ^ 
chloAde > 

Phosphenyl chloride . 
Vanadyl trichloride . 
Arsenic trifluoride ' . 
Arsenic trichloride 
Thionyl dichloride 
Sulphothionyl chloride 
Chlorosulpfaonic acid . 
Sulphuryl dichloride . 
Disulphuryl chloride . 
Chromyl dichloridc . 
Carbon disulphide 


0*00100520 

0*00102304 

0*00082582 

0*00096524 

0*001443 

0 * 00091)134 

0*00116419 

000093425 

0*00090505 

0*00123065 

0-00096830 

0*00095860 

0-00115056 


0*00000049063 

0*00000187367 

0*00000014461 

0*00000089826 

0*000000297 

0*00000084914 

0*00000091418 

0*00000041082 

0*00000011865 

0*00000075938 

0*00000086710 

0*00000010737 

0*00000111621 


0*000000004407 

- 0*000000000610 

0*000000002863 

0*000000003192 

0*000000002755 
0*000000009537 
0*000000004077 
0*000000002394 
0*000000014587 
0*000000001862 
(^* 000000001 962 
0 * QP 00<)0017476 
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Tablb II, 


- - 

AC 

lo 

pq 

. ! 

Iodine monocbloritlc, | 
ICl j 

1 

Ethylene bromide. 

oT 

1 

IP 

• € 

m 

Ethvlene chloride, 

Ethidene chloride. 

Acetyl chloride, 

Trichloracetyl chlo- 
ride, C"0C1‘ 

0 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

lOOOOO 

10 

101081 

100925 

100960 

100942 

101162 

101304 

101391 

101095 

20 

102197 

101867 

101936 

101894 

102347 

102650 

102832 

102200 

: ao 

103347 

102830 

102931 

102860 

103559 

104044 

104328 

103320 

•10 

10^92 

103815 

103946 

103843 

104806 

105489 

105888 

104461 

i50 

10,^12 

104822 

104984 

! 104845 

106092 , 

106991 

107618 

105627 

00 

106983 

105855 

106049 

' 105868 

107423 ; 

108554 

— 

106824 

' 70 


lOOOM 

107140 

106916 

108806 i 




108056 

; 80 


108001 

108262 

107992 

110246 i 

— 

. . 

109328 

90 

— 

109118 

109417 

109097 




. .. 

110645 

100 

— 

110267 

110607 

1102t^4 

— 

— 


112013 

no 

... 


111834 

111408 

— 

- 



113436 

120 

— 


113101 

112619 

r# 

— 


11 1918 

130 

— 

1 

» J 14409 

113871 

— 

— 

— 


MO 

— 

— 


1 115166 

i ” 


— 

— • 




AC 

X 

9 1 

g 

*2 

o 

Oi 

s 

.a 

i ' 

P4 

Methcne chloride, 
CH*C1- 

Chloroform, CHCl 

■gs 

II 

So 

o 

1 

So 

^o 

1 

Bromoform, CHBi 

|« 

Ip 

H 

a g 

• 

Of 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

10 

101114 

100949 

101335 

101248 

101106 

101215 

100944 

101089 

20 

102274 

101899 

102724 

102636 

102226 

102452 

101897 

102196 

30 

103470 

102855 

104167 

103867 

103365 

103718 

102868 

103322 

40 

104694 

103818 

106662 

105248 

104528 

105022 

103837 

104472 

50 

105936 ! 

! 104792 


106684 

105718 ! 

106372 

104829 

105649 

60 

107186 ! 

! 105781* 

— 

108179 

106941 

107776 

105839 

106857 

70 



1 106788 



— 

108202 

109241 

106870 

108098 

80 



107815 




109505 

110777 

107925 

109378 

90 



108866 




110855 


1(Ao06 

110699 

100 1 


j 109944 



_ 

112256 

— 

110116 

U2065 

no 1 

... 

111052 



» — 

113714 

— 

111256 

— 

120 



1 112193 


— 

....... 

— 

112430 

— 

130 


! 113371 





113641 

— 

1-40 

— 

114587 




» 


114890 

— 

150 

— 

115849 

— 

— 


j — 

116180 

— 

160 

— 

117166 

— 


— 

L..~_ 
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Tablk II. — continued.^ 


AC 

Propionitxile, i 

C*H*CN j 

i 

; 

Epichlorliydrin, j 
C’H*OGl j 

i 

Allyl alcohol, 
C“H‘OH 

1 

o 

W 

Q 

s' 

h 

0 

1 

0> 

• 

Is 

H 

# ■ 

H 

6 

!• 

0- 

1 

s 

f 

0 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

10 

101249 

101033 

101026 

101383 

101222 

101253 

101186 

101205 

2(> 

102541 

102083 

102072 

102827 

102474 

102537 

102384 

102430 

»0 

103879 

103154 

103145 

104330 

103763 

103861 

103601 

103685 

40 

105267 

104248 

104252 

105894 

105094 

105232 

104845 

104978 

50 

106707 

105371 

105402 

107517 

106476 

106659 

10612^ 

106317 

60 

108202 

106526 

106601 

109200 

107916 

108148 

107445 

107712 

W 

109755 

107718 

107857 

— 

109420 

109709 

108817 

109169 

80 

111367 

108950 

109176 

— 

110995 

111348 

110247 

110699 

90 

113044 

110227 

110568 

— 

112650 

113070 

111742 

112309 

100 

114786 

111551 

112038 

— 

114390 

— 

113312 

114008 

110 

— 

112929 

— 

— * 

— 

— 

114963 

115804 

120 

— 

114362 

t. 

— 

— 

• 

116702 









1 

6 

-g 

4 

-C 


AC 

t 

.S 

a 

< 

H 

6 

S 

1 

s 

gia 

1 

Is- 

1 

II 

|4 

1 

■s?- 

|CQ 

a 

*C R 

■a| 

1 

•g rt 

I'a 










0 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

100000 

10 

100866 

100975 

101573 

101359 

100988 

101168 

101172 

10084f 

20 

101740 

101071 

103196 

102776 

101990 

102353 

102371 

101706 

30 

102623 

102988 

— 

104252 

103007 

103561 

103604 

102577 

40 

103518 

101031 

— 

105787 

104044 

104795 

104874 

103463 

50 

104426 

105101 


107384 

105104 

106061 

106187 

104365 

1 60 

105351 

106202 


109044 

106188 

107363 

107547 

105283 

1 70 

106294 

107337 

— 

— - 

107302 

10^706 

108960 

106218 

i 80 

107266 

108607 

— 

— 

108447 

110094 

110429 

107173 

i 90 

108241 

109717 

— 

— 

109627 

111532 

— 

108148 

i 100 

109250 t 

110968 

— 


110845 

113024 

— 

109143 

I no 

110285 

1122^13 

— 

— 

112103 

114576 


110161 

! 120 

•111348 

113606 

— 


V3406 

— 

— 

111202 

j 130 

112442 

114098 

— 

— 

114756 

— 

...... 

112266 

1 140 

113569 

— 

— 

— 

116155 

— 



113357 

150 

114729 


— 

— 

— 

— 

• 

114476 

! 160 

115927 


1 - ^ 



— 

1 

116622 

170 

117163 

— 

— 

— 

— 

— 

1 

116796 

180 

118441 

— 

1 

— 

! “ i 

__ i 

i „ 

j 
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• Table II.— 

^ • 



6 


6-. 

•®o 

BW 

0 

aadyl chloride. 
VOCP 



AC 

-O 

|l 

Is 

o 

Iw 

i 

■§ 


.1^ 

§•■§ 

o « 

ll 


|S 

1 



Ph 

Hu 

PH « 

5 5 

S 

S 

> 


1 

0 

1 00000 

100000 

100000 

100000 

100000 

100000 

10000 

100000 

10 

101086 

101025 

101010 

101042 

100828 

100975 

10145 

101000 

20 

102194 

102047 

102034 

102121 

101660 

101969 

10290 

102019 

;io 

103330 

103097 

103072 

103237 

102498 

102985 

10436 

103058 

10 

1G14496 

104169 

104128 

104388 

103345 

104025 

10582 

104119 

50 

105696 

105266 

105204 

105576 

104201 

105091 

10729 

105203 

60 

106932 

106390 

106303 

106800 

105069 

106184 

10876 

106313 

70 

108209 

107544 

107428 

108058 

105950 

107306 



107449 

80 

; 109630 

108731 

108581 

109352 

106846 

108460 

— 

108615 

90 

110898 

109953 

109765 

110681 

107758 

109647 

— 

109811 

100 

112318 

111215 

110983 

112043 

108689 

110870 

— 

111038 

no 

113792 

112519 

112238 

113439 

109640. 

110613 

112129 

— 

112299 

120 


113866 

113530 

114869 

113428 

— 

113595 

130 


• 

■114864 

— 

111609 

114767 

— 

114929 

140 



116243 

— . 

112631 


— 

.... 

150 


— 

— • 

— 

113670 






160 



— 

— 

114To6 


— 



170 



— 


115863 

— 

— 



180 

— 


— 

— 

117003 


— 

— 

190 

- 

— 

— 

— 

118176 

— 

— 

— 

200 

— 

— 

— 

— 

119385 

— 

— 



21(f 

— 

— 

— 

— 

120632 

— 

— 


220 

— 

— 

— 

— 

121916 

... 

— 


230 

— 

— 

— 

— 

123242 


— 

— 


• 

AG 

I 

1 

Sulphotliionyl chlo- 
ride, SSCP 

Ghlorosnlphonic acid, 
SO’HCl 

' i 

! &■« 
i 

S 

Pisulphuryl chloride, 
S*0‘C1= 

I 

1 

o 

1 

Is. 

1 

CS 

0 

100000 

100000 

100000 

100000 

1 00000 

100000 

100000 

10 

101174 

1 100939 

100906 

101240 

100977 

100969 

101163 

20 

102373 

i 101888 

101817 

102503 

101973 

y)1962 

102360 

30 

103601 1 

102851 

102732 

103800 

102^8 

102978 

103599 

40 

104864 1 

1 103829 

,103655 

105138 

104024 

104019 

•104892 

60 

106169 

104825 

104585 

106526 

105082 

105086 

106250 

60 , 

107520 

105841 

105525 

107973 

106162 

106181 


70 

108924 

106881 

106476 ; 

109487 

107267 

107304 

...... 

80 

110387 

107946 

107439 

-• 

108397 

108457 

..... 

90 



109038 

108116 

— 

109553 

109640 

— 

100 

1 

110160 

109409 

— 

110736 

110856 

— 

no 

■ 1 

111315 

110418 

— 

111948 

112105 

— 

120 


112507 

111445 

— 

113190 

113388 

— 1 

130 

1 

113735 

112492 

— 

114463 

— 

i 

i 

140 


115003 . 1 

113560 

— 

115767 

— 

1 

150 

1 • — 


1 114651 

— 

— 

— 

— 

160 

j 

1 

“ 

115765 

— 

1 

— 

— 




Substance * j Formula .• Mol. weight | B. p. A Vol. at b. p. Sp. gr. at 0 ® Sp. vol. 
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less than the calculated numbers. The specific gravity, boiling point, and rate of 
thermal expansion of benzene are known with great accuracy from the experiments 
of Kopp (i. 542), Louguinine (Jahres. vi. 260, 1867» 48)^ Hsati and Patern6, ai^ 
Adrieenz (viii. 159). 

Their observations afford the following values for the specific volume of benzene : 

Kopp Lougniniuo Fisati a. Fatemd Adru>eQz Mean 

95*94 96*98 95*94 95*90 96*94 

Calculated sp. vol. . 99*0 , 

The observed values are extremely concordant but they differ by more thafi 8 per 
cent, from the computed value. Differences of tne same order are exhibited by a 
number of aromatic compounds. 


Phenol . 

Specific Volume. 
Observed (Kopp) 
103*6 

Computed 

106*8 

Diflf. 

3*2 

Benzyl alcohol 

123*7 

128*8 

6*1 

Benzoic acid . 

126*9 

130*0 

^•1 

Benzoic aldehyde . 

118*4 

122*2 

3*8 

Cymene .* 

183*6 

1870 

3*5 

Napthalenc . 

149*2 

. 154*0 

4*8 


Our views ns to the constitution of the aromatic compounds would lead us to 
expect that the specific volume of benzene (^ind the derivatives in which the benzene 
group functions) would in all probability bo different from that deduced from obser- 
vations made for the most part on compounds of totally differenl constitution. Kopp 
(Liehi^s Annalen, Supp. vi. 303) has shown, from Louguifime’s observations, that 
whilst benzene has an abnormally low specific volume, its homologues show the 
constant increase of 22 iu the volume for an iucremefit of CII*, which is wlmt might 
bo anticipated, since tlwe bodici are produced by the addition (substitution) of 
methyl, ethyl, &c., to the benzene group. Other values have, indeed, been calculated 
for carbon and hyilrogen. Ixithar Meyer makes H = 3, and Loschmidt 0 = 14 and 
11 = 3*5; and, by as.suming that half the carbon-atoms in benzene have the value 11, 
and the remainder the value 14, and that hydrogen has the constant value 3*5, we 
obtain a value for this hydrocarbon which is identical with the obsen^ed number.^ 

2. The observations furnish additional evidence in support of the assumption 
already regarded by Kopp and others as highly probable, that an element or a com- 
pound radicle occupies the same volume in combination as in the free state. Direct 
observation shows that the sp. vol. of nitrogen totroxide is 64 : hence NO“ = 32. The 
sp. vol. of chloroform is 84*5; that of chlorojncrin is 110*5. Chloropicrin may bo 
regarded as derived from chloroform by the replacement of an atom of hydrogen by 
an equivalent amount of NO-. 


Sp. vol. ofC(NO0CP 

. 

110*6 

CHCP 


84*5 



26*0 

Add sp. vol. of H . 


5*5 

Calculated vol. of NO* . 

. •. 

31*5 

Observed 

. 

32*0 


Similar evidence js afforded by ethylene bromide, ethylene chloriodide, and pro- 
pionitril. , » 

Thor^ further concludes that there is at present no evidence in support of the 
hypothesis that the specific volume of an elemeuf in combination is modified by any 
possible variation in the affinity value which it may possess. It may turn out that 
the particular value to bi) assigned to carbon, for example, in the aromatic cofiipounds 
is slightly different from that whiqh it is found to possess in the fatty acids, or the 
corresponding alcohols and ethers, but there is no question as to the quantivalence 
of the carbon in these several groups of Cfjmpounds. It is not, however, clearly 
established that any element, with the exception of oxygen, sulphur, and nitrogen, 
has a variable specific volume in combination. Hence the speci& volume is alto- 
gether independent of the general complexity of the molecule, inasmuch as it is not 
modified by the number of the atoms of the partigilar element, in the molecule. 
Lastly, it is proved that the different members of a family of elemehts dcLnot possess 
identical specific volumes ; the volnmes of the elements are periodic fifnctions of their 
atomic weights. The values deduced by Thorpe from a discussion of his observations, 
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tether with those of previotis inTestigatops, are containea in the following table. It 
also shows the rehition of thr> specific volume to the atomic weight. 



■1 

At<»nic 

Weights. 





T 

II 

111 

IV 


V 


VI 

IT 1 C 

= 11-97 

Si - 28-0 

Ti = 48 



Sn 

- 117-8 

N 

= 14-01 

P - 30-96 


As 

- 74-9 

Sb 

120-0 

n 



V * 51-2 





0 

= 16-96 

S = 81-98 

Cr = 52-4 





F 

= 19-0 

Cl = 35-47 


Br 

- 79-76 

1 

= 126-63 



Specific 

Volumes. 





H = 5*? 0 

II 

III 

IV 


V 


VI 

= 11-0 

Si = 30-3 

Ti = 33*6 



Sn 

= 40-8 


N 

= (?) 

P = 25-3 


As 

i 26-3 

Sb 

= 28-6 




V = 30-4 (26-0) 



• 

0 

= 7-8 (12-2) S = 22-6 (28-6) 


— 







Cr - 24-5 





F 

- 9-2 

Cl ^ 22-7 ’ 


Br 

= 28-1 

I 

= 36-6 


Ramsay (./. C. iSf».Tujy 1879) has described a simplfi method of directly aseertAining 
tlie sp. gp. of a liquid slJ its boiling point with approximate accuracy, by means of 
which he has determined the specific volumes of *a iurgo number of substances. The 
results are contained in the table on p. 2128. ^ 0 

The specific volume of a considerable number of tlfe bodies in this table has 
already been determined by Kopp, with whose results Ramsay’s numbers show on the 
whole a satisfactory agreement. The specific volume of furfural indicates that both 
tlio oxygen atoms have the same value as in the aldehydes and ketones. Ramsay also 
points out that the specific volumes of the pyridine series of bases is very different 
from that of their isomerides in the aniline scries. The specific volume of pyrroline 
would appear to show that it approaches the nitrils in constitution, and has little or 
no analogy to the pyridine group. 

F. 1). Brown (Proc. Hoy. Soo. xxvi. 247) has shown, from very careful determina- 
tions of the vapour-tension and specific gravity of normal propyl iodide and isopropyl 
iodide, that the specific volumes of the two isomerides at corresponding temperatures — 
that is, at temperatures at which their vapour-tensions are equal — are not identical. 
The results of his observations are contained in the following table : 


•1 

Vapour- 
teuRion 
in mm. 

Boiling point 
of normal 
luclidc 

Boiling point 
of Isopropyl 
iodido 

Density 
of iiorinHl 
Propyl iodide 

Density 
of Isopropyl 
iodido 

Diflu 

200 

62-37° 

50-50° 

1 '66704 

1-64590 

0-02114 

300 

73-6; 

61-33 

1-64493 

1-62359 

0*02134 

400 

8195 

69-70 

1-62808 

1-60646 

0-02162 

500 

88-84 

76-44 

1-61446 

1-59246 

0-02200 

600 

94-70 

82-U 

1-60250 

1-580^^ 

0-02182 

700 

99-83 

87-13 

1-59221 

V-57035 

0-02186 

760 

102-63 

89 SC ; 

; 1-58670 

1-56497 

0-02196 


It will bo seen from the above numbers that tlie density of the normal iodide is 
greater than that of the iso-iodido by an almost constant quantity— a f.ict which is in 
accordance with our dynamical hypotheses of the'constitution of matter. The normal 
iodide is more stable than the iso-compound, the comparative instability of the latter 
compound being due, in all probability, to the greater mean distance between the 

Schroder (Her. xiii. 1660) has also pointed out that isomerides do not invariably 
possess the same specific volume. It appears that the volume of an acid is greater 
than that of th^ isomeric ethers ; also that the volume of a normal compound is 
greater tUlin that of the secondary compound, and that the boiling point and volume 
of such isomeric ethers as methyl acetate and ethyl formate are greater in the case of 
the ether containing the acid radicle possessing the smaller molecular weight. 
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B. p. 

Bp. gr. at 
b. p. 

. Bp. vol. 

• Obs. 

f 

.... 

(Kopp) 

Sp. vol. 
Calc. ^ 

Amylene, C*H'® 

35® 

0*6319 

.110-8 


no 

Hexane, C*H“ 

60*8 

0*6199 

138*7 


143 

Heptane, C’H** 

91 

0*6060 

165*0 

— 

165 

Benzene, C*H* 

80 

0*8142 

95*8 

95*9 

99 

Toluene, C’H" 

111 

0*7650 

120*5 

— « 

121 

Xylene, C®H'“ 

132-4 

0*7335 

144*5 


lfl3 

Ethyl alcohol, 0*n«0 . 

78 

0*7339 

62*7 

61*8 

62*8 

Octyl „ C*H«0 . 

181 

0*6589 

197*3 



194*3 

Ethyl glycol, C*H*0* 

195 

0*9444 

65*6 



70*6 

Acetic aldehyde, C*H'‘0 . 
Furfural, C«H<0* . 

21 

0*7771 

56*6 

56*0 

56*2 

162 

0*9310 

103 0 


101*4 

Ethyl oxide, C^H'®0 

34*5 

0*6956 

106*4 

106 

106*8 

Acetic acid, C*H^O* 

113 

0*9325 

64*3 

63*7 

64*0 

Valerianic acid, C*H*®0* . 

195 

0*7569 

134*7 

130*2 

* 130*0 

Methyl formate, C*H^O'-’ . 

33 

0*9482 

63*2 

63*4 

64*0 

Ethyl formate, C*H<0* . 

55 

0*8649 

85*6 

85*7 

86*0 

Phenol, C«H«0 . 

186 

0*8789 

100*9 

103*8 

106*8 

Carbon tetrachloride, CCP 

— 

1*4658 

105*0 

105*6 

102*2 

Chlorofonn, CHCP. 

— 

1*3954 

85*6 

85*2 

84*9 

Ethyl chloride, CWCl . 

— 

« 0*8510 

75*8 

72*8 

72*3 

Butyl chloride, C*H“C1 . 4 

— 

0*8094 

114*3 


116*3 

Amyl chloride, C*H"C1 . 

— 

0*7801 

13G»5 * 

136*2 

138*3 

Ethylene dichloride, C*H^C1* . 



1*1356 i 

87*2 

85*5 

89-6 

Ethylidene dichloride, C-’H^Cl* 

i 

1-1070 

89*5 

89*0 

89*6 ' 

Benzoyl chloride, C’H’CiCl 

• ’ i 

0*9857 " 

126*3 

136*0 

139*5 

Amyl bromide, C^H"Br . 


1*0502 

143*8 

149*2 

143*3 

Methyl iodide, CHH 

— 

2*1905 

64*8 

65*4 

65*0 

Chromyl dichloride, CpO*C1* . 

117 i 

1*7538 i 

88*4 


Carbon disulphide, CS* . 

43 

1*2176 ! 

62*3 

62*3 

62*6 ! 

Sulphur chloride, S*CP . 

138 

1*4848 

90*9 

91*4 

91*6 ! 

i 

Sulphur, S . . . . 

446 i 

1*4799 

21*6 


Aniline, C*H*N 

183 

0*8527 

109*1 

106*6 

I 

Toluidine, C’H*H . 

197 

0*8302 

128*9 



Dimethylaniline, C"H”N 

190 

0*7941 

152*4 

1 150*6 



Diphenylamine, C’*H"N 

310 

0*8293 

203*8 





Pyridine, C*H*N . 

117 

0*8617 i 

91*0 





Picoline, C«H*N . 

134 1 

0*8197 ! 

113*4 



j 

Lutidine, C*H*N . 

Collidine, CWN . 

154 I 

0*7916 i 

135*1 



; 

173 

0*7839 1 

157*9 



j 

Pyrroline, C^H^N . 

133 ! 

0*7276 

92*1 




Azobenzeno, C'*H*®N'-’ 

293 

0*8256 

220*4 




Propionitril, C*H*N 

97 ! 

0*7017 

78*4 

77*2 


Benzonitril, C*H*N 

192 ! 

0*8330 

123*7 

121*7 

1 

Ethyl nitrate, C*H‘NO* . 

87 ! 

0*9991 

91*1 

90*1 

j 

Nitrobenzene, C®H*NO* . 

220 1 

1*0210 

121*5, 

123*8 

— i 


(2) Of Solids. SpeciJiG Volumes of Sulphates and Selenates.—VtitQnsBon (Ber. ix. 
16 9) finds (1) thaf, in the series of sulphates and selonates of K, Am, Eb, Cs, the 
spec. vol. is regularly increased by 6*6 when the group SO^ is exchanged for the 
group SeO^; and (2) that the substitution of Amf, Kb*. Cs* for K* produces an in- 
crease of volume of 9, 8, 23 in the selenatos, as in the sulphates ; and (3) the same 
regularity of increased volume shows itself in the double salts. Hodium-alutninium 
selenate has a smaller volume than the sulphate, a relation without example in the 
whole series of sulphates and seleAates; thallium-aluminium selenate exhibits the 
opposite anomaly. The difference is possibly due to the molecules of the water of 
crystallisation in these two alums not being in the same state of condensation as in 
the other alums. The volume of a dehydrated alum exactly equals the sum of the 
volumes of its components. 

Specific Volume of Water of Crystallisation ,— and Wattj» (Chem. Soc. J. 
1880, 102) have determined the specific volumes of a number of the so-qfillefl mag- 
nesian sulphates combined with different proportions of water. Th^ experimental 
re.sults are as follows : 
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Coipper Sulphate : 

Hydrate CuSO< '^CuS0*,H*0 CuS0*,2H»0 CuS0^3H*0 

Sp.gr. 3-606 ' 3-289 2-953 2*663 

^ CiiS0\3|H‘*0 CuS0^5H*0 

2-645 2-284 

Magnesium Sulphate : 

Hydrate MgS()< MgSO^.H^O MgS0^2H*0 MgSOVSH^O MgS()S7H*0 

Sp. gr. 2*709 2*445 2*373 1*734 1*678 


ZincySvlphate : ^ 

Hydrate ZnSO< ZnSO^H^O 

Sp. gr. 3*623 3*284 

ZnS0^6H20 
2*072 

Nickel Sulphate : 

Hydrjito NiSO* NiS0^H20 

Sp. g^. 3*418 3*051 


ZnS0\2H‘^0 ZnS0‘,5H20 

2-958 2*206 

ZnS0‘,7H20 
1*964 


NiS()\6PPO 

2*031 


NiSO<,7H‘^0 

1-949 


Cobalt Sulphate . i ^ 

Hydrate CoSO< CoSO^.H^O CoS0*,2H20 CoSO',4H*0 CoSO*,5H*0 

Sp. gr. 3-444 3*125 2*668 2-327 2*134 


CoSO^,6HsO . CoSO<,7IPO 
2*019 1-918. ^ 

Manganous Stilphaie : 

Hydrate MnSO^ » MnS0<,H“0 MnSOS2lPO MnS0*,3H*0 

Sp. gr. 3*282 ^2*845 2*356 

MnS0\41P0 MnSO'?iVlPO ^ 

2*261 2*103 

Ferrous Sulphate : 

Hydrate FoSO^ FeSO\H2() FeSO»,2IPO FeS()»,4H20 

Sp. gr. 3*346 2*994 2*773 2*227 

Th^so numbers, together with tliose obtained by previous investigators, afford the 
following table of specilic volume *. 


Hydrate 


1 

2 

3 

* 

5 

6 

7 

Copper sulphate 

44*4 

64*3 

67*0 

80*0 

__ 

109*1 

- 


Magnesium sulplmte . 

44*8 

55-6 

67*0 

— 

— 

112*4 

130*8 

146-6 

fiCinc sulphate . 

45*6 

54*7 

66-6 

— 


113-7 

130-2 

146*8 

Nickel sulphate 

44-6 

56*5 

— 

— 

— 

— 

129-0 

144*6 

Cobalt sulphate 

44*7 

55*2 

70-9 

— 

97*4 

114-6 

130*1 

146*0 

Manganous sulphate . 

45*0 

6.5*7 

73*6 

86-0 

98-2 

114*4 

— 

— 

Ferrous sulphate 

14*5 

,56*2 

677 


100-6 

— • 

— 

146*7 

Mean of means 

, 44-8 

.55 5 

68*8 

83-3 

98*7 

112*9 

1.30*0 

146*1 


On comparing the foregoing observations, it is evident that the anhydrous sul- 
phates of copper, magnesium, zinc, nickel, colmlt, manganese, and iroit have identical 
specific volumes ; or, since we may define .‘•pocific volume as the^volume in cubic centi- 
metres occupied by tlio equivalent of ^the salt in grams, it follows that eqmvalent 
quantities of those different sulpiiates occupy the same bulk in space. A like 
conclusion as regards certain of these anhydrous sulphates has already been drawn by 
Playfair arfd Joule. It appears too that iu the case ol the magnesian sulphates the 
volume occupied by the several molecules of water vafios with the degree of hydration. 
The first molecule of water, t.ho constitutional water, called water of halhydration by 
Uraliam, occupies considerably loss bulk than the remaining molecules; its mean 
relative value is 10*7. Each additional molecule appears to occupy a gradually 
increasing volume. The ilifference between the monohydrate and dihydrate is 13*3 ; 
between the dihydrate and trihydrate it is 14*6 ,* between the trihydrate and tetra- 
liydrate it is 1 5 4, and between thci hexhydrate and heptahydrate it is 16*2. 

For Schroder's papers on the volume-constitution of solids, see Ber, x. 848 ; Pogg, 
clx. 199-219T also i?<T. xi. 1109-1116 and 1142-1146; J. pr. Chem. [2'|, xix. 
366-294. T. E. T. 

VoL. yuL 
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W 

WAOHBllZTB. A specimen of this mineral from Badelgrafen, near Werfen, 
in Salzburg, has been examined by F. y. Kobell {J. pr. Chem. [2], v!i. 2^5). It occurs 
in closely packed parallel prisms with deep vertical striation. Prismatj,c angle 
ae 120*^-121°. Cleavage imperfect. Dissolves, l^iough slowly, in hydrochloric, nitric, 
and sulphuric acids. Analysis gave : 

P“0* MgO CaO Na-0,K“0 Pe»0» A1*0» P U*0 

40*30 32*78 2 24 o*12 8*00 Ml 10*00 0*60 = 100-06 

from which the essenti;)! part of the mineral appears to have the composition 
2Mg*(PO*)* + I F“, the double atom Na* replacing Ca isomorphfusly. The 

presence of the alk^^is appears to have been overlooked by Fuchs and Kammelsberg 
(iv.‘'509). 

WAliPVBGnr, 6Bi‘‘0»3U20^2As20»+10lI»0. See Uranic Arsenates 
(vii. 1191). 

WAPPXiBBZTB. A calcium arsenate, 2Ca0,As20* + 8H*0, or {CAm^)ARO* + 
7H*0, having part of the linfo replaced by magnesia. It occurs at Joachimsthal in 
crystalline crusts resembling hyalite, in small botryoidal pi'dentiform aggregates, and 
in crude vitreous deposits. It is white and translucent in the mass, limpid in separate 
crystals. The crystaj^, mostly grouped in rows,. are monoclinic, very small, and 
exhibit various faces, anC an augitic or wolframic habit; they have a bright vitreous 
lustre, and cleave parallel to the clinodiagonal. Sp. gr. =2*48. Hardness =*2-2*6. 
Analysis gave : 


(1) 

CaO 

14*19 

MgO 

8*29 

As*0* 

47*70 

n»o 

29*40 = 

99*68 


(2) 

15*60 

7*35 

47*69 

29*49 = 

100*13 

ft 


The formula above given requires 23*04 CaO, 47-33 As^O®, and 29*63 water. The 
mineral gives off 5 inol. (18-20 per cent) water at 100®, and the remainder at 360®, 
no further loss of weight occurring at a higher temperature. At 100° it is converted, 
like pharmacolite, (2Ca0,IP0)A8'0* + 6H='0, which at this temperature loses 3 mol, 
water (11-12 per cent.), into haidingerite, (2Ca0,H“0)A8-0'‘ + 211*0. 

Wapplerite appears also to occur in Saxony, certain specimens of hydrated calcium 
arsenate from Schnoeberg and Johann-Oeorgenstadt, regarded by Breithaupt as 
haidingerite, most probably belonging to this species. « 

The crystals have been accurately measured by Schrauf (Jahrb.f. Mm, 1875,* 290), 
nfrho also finds them to be monoclinic with the axial ratio a : 6 : c = 0-9126 : 1 : 0*2660 
and the axial angle ac= 96® 26'. Observed faces ooBoo, ooF2, ooF, <»B2, coFx,Poo, 
34?oo , +2F2, — 2F2, +2P§, +2Ff, +4F4, — 4F4. The prism-zone is mostly pre- 
dominant; the faces — 2P2 and — 4P4 occur but seldom. The crystals arc rarely sym- 
metrical, single quadrants with irregular hemisymmetric development of faces, or rather 
confused groups of c^stals, more frequently projecting from* the crystalline crusts. 

From pharmacolite, which accompanies it, wapplerite is essentially distinguished 
by its conchoi'd£.l fracture and greater hardness » 3 to 3*6. 

The crystals of calsio-magnesic arsenate called roesslerite (v. 1 14), which were first 
descriBdd by Haidinger, in 1826, as occurring, together with haidingerite and pharma- 
colite, and were found by Turner {Pogg. Ann. *vi. 193) to contain 29*06 and 34*06 
per cent, water, appear, from their form and composition, to be nothing but wapplerite 
metamorphosed by the addition of a small quantity of magnesia and 1 *inolecule of 
water. * 

WABBZirOTOiriTB. A basic cupric sulphate. 3CuH*0*,CuS0«,H*0, from 
Cornwall, belonging to the brochantite group (p. 349). 

WABWZCXZTB. This mineral, occurring at Warwick, in New York (v. 1009), 
has been re-examined by J. L. Smith {Sill. Am. J. [3], viii. 432), who finds it to have 
the composition A, agreeing nearly with the formula 6Mg0,3B*0* + (M^,FeO),2TiO‘ 

(B)- ' . 

B*0* TiO* MgO FcO SiO» A1»0* \ * Bp. gr. 

A. 27*80 23*82 36*80 7*02 1*00 2*21 = 98*66 3*362 

B. 30*67 23*58 35*36 10*49 — — = 100 — 
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WATIIR. Distance between the Molecules of Liquid Water . — Herwig 
{Ann. Dhys. Chem. [2], iv. 46r.^ finds that the quantity of electricity required for the 
tuvplete charging of a pldtiimm-water-cell to the potential difference of 1 volt is 
^ual to 0*000180 farad, when the plates have a surface of 1 square cm. This value 
is independent of the distance between the plates and of the external resistance. In « 
order to derive from this the charging value for a potential difference of 1*7 volt, it 
is necdssary to multiply by (1-7 x 1*26), which gives 0-000395 farad. By means of 
this value and the application of the tlieory of rotary electrolytic molecules (Ann. 
Phys. Chem. [2], 666, iv. 187) Herwigl las determined directly the distance between the 

molecules of water, and finds it to bc^ at most 15? mm. 

1,000, 000, 000 

Lorenz (Pogg. Ann. cxl. 644) found by a similar, although less direct method, the 
100 

superior limit, - W. Thomson (Nature , 1870), by an entirely 

60 

different method, mm. (Chem. Soc. J. xxxvi. 194). 

Cumpressibility . — Amaury and Desciimps (Compt. rend. Ixviii. 1664) have 
obtained 0*0000467 as the coefficient of compressibility at 16°i Cailletet (C'o 7 /in^. 
rend. Ixxv. 77) observed 0-0000461 at 8°. These numbers agree almost exactly with 
those previously obtained by (Irassi. The addition of 6 per cent, of salt diminishes 
the compressibility to -0000419; with 15 per cent, it is -0000356 ; with 30 per cent, 
it is -0000306. • 

Buchanan (Chem. Soc, J. xxxiv. 452) has detormintd the relative apparent com- 
pressibility of soa-watt‘f and of a 4 per cent, solution of sodium chloride at different 
temperatures, the compreJh^ility of distilled water at the same temperature being 
taken as unity. 

Relative* Ajypareni Compr€..^<h.!i^y.o *’ 


Temp. C. 

Sea-water 

4 per cent. ^aC'l sol. 

Distilled water 

26*5° 

0*9360 

0-9051 

1 

25-8 

0-9191 

0-8813 

1 

22-8 

0 9214 

— 

1 

22-1 

0-9283 

0-8661 

1 

13-7 

0-9264 

0*8684 

1 

13-3 

0-9203 

— 

1 

2-6 

0-8950 

— 

1 


Point of Maximum Density . — Exnor has redetermined the point of maximum 
density of water according to the method of Dospretz, substituting a thermo-pile of 
peculiar construction for the ordinary mercurial thermometer. Five series of observa- 
tions gave forty-one irnlependent values, of which the mean was 3-945°, the maximum 
difference being only 0-082°. This value agrees exactly with that of Playfair and 
Joffie. ^ The following table has some historical interest, as showing the determina 
lions hitherto recorded : 


3- 945 Exnor. 

4- 07 Rossetti (Jahresb. 1867, 46). 

4-08 Kopp (Jahr. 1847-48, 66). 

4 00 Desprotz (Ann.Chim.phys. 1 2], i.70). 
3-945 Joule and Playfair (Pogg. Ann. Ixxi.) 
3 87 Ui^en (Jahre,d}. 1866, 19). 

3-8 Plucker and Geissler (Jahresb. 
1852, 50). 


3*68 Neumann (Jahresb. 1861, 60). 
3-46-'4-()4 Pierre (Ann. Chim, phys. [3], 
xiii.) 

3-40-4 '85 Ilallstrora (Pogg. Ann. i.) 
3-47-4-38 Rumford (PhU. 'Prans. 1792). 
3*33-4-16 llopo(/?a?i».Noc.2Vaw5.6, 1805). 
4*35 Tralles (Gilb. Ann. 3xvii.) 

3-6-3-9 Eckstraud (JRss. Acad. 181J). 


Thermal Conductivity.— The y»ormal conductivity of water for heat in abso- 
lute measure has been determined by A. Winkelmann (Pogg. Ann. cliii. 481) to be 
0*00154 in square centimeters per second, Bottomley (Proc. Roy. Soc. xxviii. 462), by 
a method devised by Thomson, originally obtained values varying from -0022 to 
-00245 ; in later experiments (Proc. Roy. Soc. xxxi. llOi)) he has obtained numbers 
more nearly in accord with those of Winkelmann, viz. -00134 and ‘00154. 

Specific Baumgartner has recently redetermined the specific heat of 

water at 100° by the method of mixtures (Ann. Phys. Chem. [27], viii. 648). The 
following table shows the value obtained, together with those of previous observers, 
the specific heat at 0° being taken ns unity : 

RegnauU ...... 1-0130 Henrichsen .... 1 0720 

„ recnlc. V Bosscha . 1*0220 Jamin and Amaury . . . M220 

Munchhausen .... 1-0302 Marie Stame .... 1-1266 

. 1-0307 

6x2 
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L&weri'iig of the Frcccing Ptdnt hy Pressure. See Dewar {Cheni. News, xlii. 1, 2). 

Existence of Ice at Temperatures far abive its ordinary Melting 
Point. — Camelley {Proc. Roy. Sov. xxxi. 284) has made^tho remarkable observation 
that ice heated in the Torricellian vacuum under such circumstances that the pressure 
in the containing vessel is maintained below 4‘6 mm. -d.e. the 1:ensiou of Aqueous 
vapour at the freezing point — may have its temperature raised many degrees above its 
ordinary melting point without liquefying. The ice, under these conditions, passes 
directly to the gaseous state without intermediate liquefaction. In tbi|^ respect ice is 
analogous to arsenic, which, under ordinary pressures, passes directly from the solid 
to the gaseous state on heating ; on increasing t^ie pressure the arsenic fus&. Car- 
nelley has made similar experiments with mercuric chloride, -which, under ordinary 
pressure, melts at 288°, resolidifies at 270°-276°, and boils at 303° ; on reducing the 
pressure to 420 mm. the boiling point falls to 275°, when the mercuric chloride begins 
to solidify, and at 270° becomes completely solid, the pressure being 376 mm. 

The experiments of Lothar and Meyer xiv. 718), TIannay and McLeod, how- 
ever, render it almost certain that the ice is actually at no higher temperature than 
that of its ordinary melting point, and it is not improbable that the higher thermo- 
meter readings observed by Carnclley were due to the action of rat.liation on the ex- 
posed ball, that i^ when it is denuded of ice by volatilisation. De la Rivi&re and 
van Hasselt also were unable to observe that the ice could bo raised above 0°, so 
long as care was taken to keep the thermometer bulb covered with ice. 

Absolute Boiling Point. — MendeV"jofF ciilculatcs absolute boiling point of 
water, the temperature oorre^oonding to the criticiil point of Andrews, to bo 580°. 

Thermal Expansion. — The coefficient of thermal expansion of a liquid is, as 
a nile, diminished by pressure and increased by dilatatiofi. The behaviour of water 
is, however, anomalous in this respect, as its coefficient of expansion is found to in- 
crease with compressiflki^* it miq<t follow, therefore* that the temperature of its maxi- 
mum density diminishes with pressure. This conclusion has been experimentally 
verified by Van der Wmils. 

Thermal Expansion of Sea-water. — It is well known that the addition of saline 
matter to water alters both its rate of thermal expansion and its point of maximum 
density, Thorpe and Rucker {Phil, Tram, clxvi. 405) have recently studied tlm beha- 
viour of sea- water in this respect, as a knowledge' of the law of its expansion oy heat 
is of great importance in relation to oceanic circulation and the distribution of ocean 
currents. The expansion of Atlantic Ocean water, of sp. gr. I *02807 at 0°, compared 
with distilled water at the same temperature, was found to bo expressed between 0° 
and 36° - the limits of the observations — by tlie formula: 

V = 1 + 0*000057682<5 + 0*00000607157^ - 0*000000032983^». 

In orjler to study the effect of different degrees of salinity on the thermal exj^n-’ 
sion, a portion of the water was concentrated, and a second portion was dilut%d with 
different amounts of pure w'ater, and the rate of dilatation again determined, with 
the following results : 

Specific gravity, 1*038015 at 0°: 

V = 1 + 0*000081272/ + 0*0000050987/“ - 0*000000018227/’. 

Specific gravity, 1*024!)15 at 0°: * 

V = 1 + 0-000040939/ + 0-00000625597-' - 0*000000033167/’. 

€• 

Sjjecific gravity, i *020755 at 0°: 

V « 1 + 0*000024955/ + 0*0000^66723/=« - 0-000000039066/’. 

The authors have investigated a formula, based upon these expressions, for the 
expansions of these solutions, which should embrace them all as particular cases of a 
relation between the temporat^ire, volume, and salinity of sea-water, as measured by 
its specific gravity at 0°, and in the following table are given all the data necessary to 
calculate the specific gravity of sea-water of any degree of salinity at any tempera- 
ture between 0° and 36°. Column II. contains the specific gravities at the tempera- 
tures given in column I. of a solution the specific gravity of which, at 0° C., is 
1*02000 ; column III. contains the numbers which must be subtracted from thosd in 
column I. for each increase of 1° over the temperatures opposite to which they are 
placed; and column IV. the numbers which must be added for each increase of 
‘00001 of the specific gravity of the solutions at zero. At the head«of columns IIL 
and IV. are the number of ciphers which must be prefixed to tne figures written in 
them in the unit place ; 
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Toinp. 

% C . 

■ ■« 

Sp. gr. 

4 

Trop. 
parts fov 
py. - 

r. parts for 
•eOOOl incr. 
in sp. gr. 

Temp. 

C. 

Si». gr. 

Prop. 
l»firt.s lor 
1° C. 

P. parts for 
•00001 incr. ! 
in sp. gr. 

•0000 

•0000 


•iK»00 


1 02000 

3 

1 

19 

1*01740 

25 

•944 

1 

1*01997 

4 

•995 

20 

1*01715 

25 

•943 

2 

1101993 

0 

•990 ! 

21 

1-01690 

26 

•941 

3 • 

1*01988 

6 

Oil'*, 1 

22 

1-01604 

27 

•940 

4 

1 01982 

8 

•9H2 

23 

101637 

28 

•938 

5 

1 01 974 

9 

•979 

24 

1*01609 

29 

•037 

() 

1*01965 

11 

•975 

25 

1 •01580 

29 

•935 

7 

1*01954 

12 

•972 

26 

1 01 551 

30 

•934 

8 

1*01942 

13 

*969 ! 

27 

1 •01521 

30 

•932 

9 

101929 

14 

•966 i 

28 

101491 

31 

•930 

10 

1*01915 

15 

•96:i ! 

29 

101460 

32 

•928 

11 

1 01 900 

17 

■961 j 

30 

1-01 428 

32 

•925 

12 * 

1*01883 

L7 

•958 

31 

101396 

32 

•922 

13 

1*01866 

19 

•956 

32 

1-01364 

33 

•919i 

U 

101847 

20 

•954 

33 

1*01331 

33 

•915 

15 

1*01827 

21 

•952 

34 

1-01298 

33 

•912 

16 

1*01806 

21 

•950 , 

35 

1-01265 

34 

■908 

17 

1*01785 

22 

•948 

36 

101231 

34 

■903 

18 

101763 

23 

- • f- 

•016 


w 

--- 

— ■ 


The use of this table will lie^eviil-Mit from the following example: Given the sp. 
gr, of a sample of sea-wat(r ai any temperature ty it Look out in col. I. 

the figures giving the number of entire degrees of tcinporalnro ; multiply the fraction 
(if any) by which the oliscrved temperiituro exceeds that number by the corresponding 
number in col. III., and subtract the result from the corresponding number in col. II. 
Subtract the difibreuce from the observed specific gravity, and divide the number so 
obtained by that eorrospondiug to the observed temperature in col. IV. (without pre- 
fixing the ciphers at the top of the column) ; add the quotient to 1*02000, and the sum 
will be the sp. gr. required. 

Sp. gr. observed at 18*6 - 1 02476. To find it at 0° C., number opposite in col. III. 
is *00023, which, multiplied by *6, is *000115; and 1*017630-*000115- 1*017515. 
Subtract this from the observed sp. gr. 1*024750-- 1 017615 = *007235. Divide by 
*945, and the quotient is *00765, which, added to 1*02000, gives 1*02765 as the sp. 
gr. at 0° C. 

• Pure Water . — Absolutely pure water can only bo obtained, according to Stas 
{lietficrchcs sur /<« Rapports reciproques des Pouhi atomiqucs\ by mixing a cold satu- 
rated solution (}f potJis.sium permanganate, rendcreil strongly alkaline by pure potakh, 
with ordinary distilled water, redistilling in platinum vessels, and collecting the 
distillate when about n^jth has passed over. 

AcAion of Water upon Metals.-- The action of water upon metals generally is 
greater than is usually sHupposed. That it acts upon loud is of course well known ; 
the conditions which influence this action have recently been made the subject of careful 
study by Muir. In the case of this particular metal its solvent agtion. seems to bo 
largely dependent upon the presence of free carbonic acid ; aqj’ated waters containing 
comparatively largo quantities of carb ^nie acid under pressure are founi to ?ic*t 
rapidly upon lead and its alloys. Hum this cause the soda-water in gazogenes and 
syphons is liable to be contaminated with the metal. Bischof has shown {Chem. Soc. 
J. xxxi. 4fi8) that the ‘composition’ tube, which is employed by plumbers, and is an 
alloy of lead and antimony, is even more rapidly a^cd upon by ordinary water than 
tubes of soft lead. Camelley (C’Am. Soc. J. xxx. 1) has observed that pure water 
dissolves appreciable quantities of copper, thus confirming the stjttements of lleichart 
and Koux. Camelley finds that tins weight of copper dissolved by the action of dis- 
tilled water is increased by the time of exposure and by the extent of metallic surface 
exposed ; on the other hand, it is diminished by the presence of a more positive metal, 
as in the case of solder, and also, by rise of temperature. The quantity of water in 
contact with a fixed amount of copper seems to have little or no effect upon the pro- 
portion dissolved > In the case of water containing salts in solution it is found that, 
with the exception of the ammoniacal salts, which aj'pear to exert a strong specific 
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action, the nature of the base has only a comparatively small effect, the action of the 
salt depending chiefly on the nature of its acid radicle. The following is the order of 
action of certain of these combined acid radicles, begAining with that which has t]^io 
least: nitrates, sulphates, carbonates, and chlorides. The order of this action is v^ry 
different in the case of lead ; in this case nitrate exerts by far thp strongest effect, 
whilst that of carbonates and sulphates is almost nil, * 

Production of Ozone by Pulcerieation of Water, — Leuder has iilready 
noticed that in the concentration of brine at Kissingen by the method of graduation 
the air in the immediate neighbourhood of the columns readily gives the dSsone reaction, 
and Gorup-Besanez found that the quantity of o^one which is produced by a 4pray of 
water issuing under pressure depended upon the rate of evaporation. Morin and 
Monte have obtained similar results from experiments made by douche sprays in 
bathing establishments. Bellucci found relatively large quantities of ozone (or some 
substance giving the ozeno reaction) in the air in the immediate neighbourhood of the 
falling water of the Falls of Torni. The production of ozone under these conditions is 
ascribed to the electrical state of the air induced by the friction of minute drops of 
water (compare p. 1479). ^ 

Contrary to the statement of Schdnbeiu, it appears that ammonium nitrite is never 
formed by the evaporation of pure water in contact with nitrogen ; when produced 
natiirally it is due to the reaction of atmospheric hydrogen dioxide and ammonia. 

Ammonia in Hain-water. — {Compt, rend, xci. 94) finds that although 
individual analyses of rain-water, collected from different quarters of Paris, show 
varying proportions of ammoniacal nitrogrti, the mean monthly and yeJirly results are 
sensibly identical. The quanl'ty of nitrogen decreases pretty regularly in passing 
from the cold to the warm season of the year, generally jeatfhing its minimum in 
July ; the mean result for that month in 1879 was 0‘93 rfgm. in 1 litre of water, and 
the mean for the year, with 4 recording stations, 1*17 mgm. The results of 4 years* 
analyses of rain-water i>>jyected ^t the observatory o'f Mont Souris give : 

Ilain-j?auRe Mean per litre Nitrogen per sq. meter 

1875- 1876 . . . 641*5 1*98 mgm. 1074*78 mgm. 

1876- 1677 . . . 601*7 1*64 „ 929*66 „ 

1877- 1878 . . . 600*1 1*91 „ 1149*40 „ 

1878- 1879 . . . 656*3 1*20 „ 787*32 „ ♦ 

Oxidation of Sewage in lliver-water.—'TMiy {Chem. Soc. J. 1880, xxxvii. 
268) has published a large number of analyses of river-water, viz. filtered and un- 
filtered Thames water ; w'ater of river Lea (filtered) ; of the Nile, Severn, and 
Shannon. As the result of his observations on these rivers and of experiments made 
specially on running water containing sewage, he concludes that when sewage is dis- 
charged into running water, provided the primary dilution of the sewage with pure 
water be sufficient, the run of a few miles, the precise disbince of travel being de- 
pendent on several conditions, effects the removal of the whole of the organit^ im- 
parity; and that 'whatever may be the actual cause of certain diseases — i.e. whether 
germs or chemical poisons — the 7nateries morbi which finds its way into the river at the 
sewage outfall is destroyed, together with the organic impurity, after a certain flow. 

These observations have been critically examined by Frankland. h>om experi- 
ments made in conjunction -wdth Miss Lucy Halcrow {Chem. Soc. J. 1880, xxxvii. 
506), he concludes that if peaty matter dissolved in riven-water is spontaneously 
oxidised at all, the process takes place with extreme slowness, and cannot be accom- 
plished to any considerable extent in the flow of a river, the results showing that 
peaty matter is €ven less oxidisablo than animal mutters under the same conditions. 
Additioj^ial evidence uf^n these points is contained in the analytical results of the 
examination of rivers made in the course of the inquiry instituted by the second Rivers 
Pollution Commission in 1868. 

Composition of Irish Water, — Thorpe and Morton {Chem. Sac. J. xxiv. 

506) have given the following ni^bers as showing the composition of the water of the 
Irish Channel *. ' 
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One thouwmd grams contain — 


Sodium chloride .... 

. 26-439ia 

Potassium chloAde 

. 0-74619 

Magnesium c&lcride 

. 3-15083 

Magjiosium bromide 

. 007052 

Magnesium sulphate . 

. 206608 

Magnesium carbonate . 

. . traces 

Magnesium nitrate 

. 0-00207 

-iCalcium sulphate 

. 1-33158 

Calcium carbonate 

0-04754 

Lithium chloride . . 

. . traces 

Ammonium chloride 

. 0-00044 

Ferrous carbonate 

. 0-00503 

Silicic acid 

. . traces 


33-86046 

Amount directly determined . 

. . 33*83856 


Sp. gp 1-02721 at 0° 

11024H4 at 15° ^ 

The total quantity of soluble salta contiiincd in the water of the Irish Sea in the 
summer is rather larger than in winter, owing to the greater evaporation and dimi- 
nished influx of fresh water in the former aeitson. 

The effect of the season is seen in the following table. The results of Forch- 
hammer’s numerous a*dalyses of ocean- water are annexed for the sake of comparison: 


Water of Irish Sea * 

Cl 

so= 

CaO 

MgO 

Total saltH 

Absolute amount / Summer . 

18-735 

2*187 

— 


34-082 

in 1,000 grams t Winter . 

*1 8-627 

2-161 , 

.yr,7§ » 

2-032 

33-838 

Eelativo amount • 

100 

100 

11-67 

11-63 

3-09 

10*93 

181*91 

182*09 

Water of Atlantic Ocean 






Absolute amount 1 

19*865 

2-362 

0-588 

2*199 

35*976 

in 1)^000 grams J 




Belative amount . 

100 

11-89 

2-96 

11-07 

181*10 


T. E. T. 


WAVBXiXiZTE. A specimen of tliis mineral from the county of Cork has been 
analysed by A. H. Church {Chem. Soc, J. xxvi. 110), with tlio following result : 

F Al^U’ Fc’0“ CaO SiO" 11=0* IPOt Xt 

• ^32 00 2-09 37*18 trace trace OTO 22-15 4-30 2-09 = 100 

« At 200®. t At a low red heat. % Loss. , 

Church considers that the amount of fluorine given by the analysis is too low, also 
that part of the loss ought to bo reckoned as fluorine. He regards wavollite as a 
fluophosphate of aluminium. 

WAX. Tlie electrlfcal properties of wax have been investigated by W. K. Ayrton 
{Phil. Mag, [5], vi. 132). The electric conductivity of wax does not change during 
fusion ; its specific inductive capacity rises as the temperature falls slowly from 80° to 
60°, but decreases on further lowering of temperature. The T-^frac? ive index of wax 
likewise diminishes on solidification. • 

The w&x of FHcus gimmiflm, VLattl in some districts of Java as an illuminating 
material, has been examined by F. Kessol (Ber. xi. 2112). It is brown, brittle, melts 
between 60° and 70°, and yields to boiling water considerable quantities of a brown 
colouring matter, after the removal of which it is qplr»urless. The colourless wax is 
resolved by ether into two bodies, one sparingly, the other easily soluble. The spar- 
ingly soluble constituent has the composition C®^H*®0, and is therefore isomeric with 
ceryl alcohol ; it is crystalline, melts at 62°, is converted by FCl* into a chloride, and 
by acetyl chloride into an acetate melting at 57°. The ^sily soluble constituent 
Q15JJS0O crystallises in small nodules, melts at 73°, and likewise yields a chloride 
and an acetate. On subjecting ^the decolorised rosin to dry distillation, there was 
obtained, together ^ith other products, a body having the composition xC*H*“0, which 
melted at 62*, crystallised in laminae, and was converted by oxidation with dilute 
nitric acid into an acid which crystallised in nodules. 
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Huel Seton, Cainbornc, Cornwall 

Royal Sulphur Well, Harrogate . 

Old Sulphur Well, Harrogate 

Chloride of Iron Well, Harrogate^ 

Ancient Alum Well, Harrogate . 

Montpellier Saline Chalybeate,) 
Harrogate )' 

Old Crescent Well, Harrogate . 

Holy Well, Htunphrey Head, > 
Lancashire 1 

Trefriw, North Wales . 

Cathkin, Bathorglen, Scotland . 

•• 

• 

Airthrey, Bridge of Allan . 

• 

Moffat, Scotland .... 

Hertfell Spring, Moffat, Scotland 

Ballynahinch, Ireland . 


j, 
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WZliVfiWZTfi. A variety of xanthophyllite from the Nikolajo-Maximi- 
lianowek mine, near Achmatowsk, in the sonthorn Ural. From clinochlor it is dis- 
tinguished by its greater hanUess (4*5), and from xanthophyllite by the very large 
ailgle of its optie axes lying in the brachydiagonal principal section, whereas 
xanthophyllite is^ regarded as uniaxial. It occurs, together with perowskite, in 
chloric-slate, possesses marked dichroism, and is similar in its crystallographic 
relations to mica (according to Kokscharow), being rhombic, with a tendency to the 
development of monoclinic hemihcdral forms, and a prismatic angle which gives to 
the combination oo P. ooPoo tlio form of a hexagonal prism, al b \ o - \ 1*73205 : 

0*70729, or 0*5773 : ^1 : 0*402() (c nearly J of the principal axis of mica). Oi^inary 

combination OP.—^^^ . + An analysis by P. v. Nikolajew gave : 

SiO'" A1“0" Fe’()» IfcO (iiO l^IgO }I®0 

16*90 43*56 2*31 0*33 13*00 17*47 5*07 - 98*63 


WZWZS. On the natural constituents of wine see A. Dupre (Chein. Neirs, xxxi. 
125, 137). « 

The composition of a considerable number of Italian wines (520 samples) from the 
Vienna Exhibition has been examined by Sestini, Del Torre a. Paldi {Tier. vii. 1294). 
The mean proportion of alcohol in these wines is between 13 and 14 per cen^. ; a 
few contain less than 10 per cent. The quantity of free acid, even in the sourest (the 
Venetian) wines, does not exceed 1 per cent. The amount of solid residue is 
greater in the northern than in the .southern wines. The average quantity of ash is 
3 to 4 per cent. The quantity of sugar in Sicilian, wines varies from 13 to 20 per 
cent. The wines of Aor^iern Italy contain only 1 to 2 per cent, sugar. The amount 
of tannin appears to vaijr inversely as that of sugar, the average proportion being 
1 to 2 per cent. The grcate.st amonni. of glycerol (U poi* cent.) is found in Sicilian 
wines. The proportion of volatile acld.s i.« vg'*catest jn the aromatic wines, 
amounting to one-fourth of tlio total quantity of free iicids* 

Analyses of wine marc, which had lain for 30 days in t he vat with the must, and 
had then been well pressed, gave the following results in grams per kilogram : 




Wliite 

Alcohol .... 

68*5 

39*0 

Water .... 

. 332 2 

347-5 

Dry substance at 100® . 

. 609*3 

613*3 

Nitrogen 

1032 

1*016 

Ash .... 

71*08 

60 03 

Seeds .... 

. 172*8 

236*25 

Bitartrate of potassium . 

83*8 

81*7 


• On the composition of Hungarian wines, see Wartlia {J. pr. Chem. [2], vii. 350) ; 
of Vines from the neighbourhood of Verona: 0. dal Sic ehim. ilal. 1873, 

257) ; of Californian wines : Merrick {Amer. Chcmvst, vi. 85) ; of Virginian wiqos : 
Cooper {Chem. News, xxxii. 160). 

On the composition of the Must of wine propsired from grapes of different degrees 
of ripeness, see Cossa, Pocih? a. Porro {Tiiedermaurhs Centralhlall f. AgricuUurchcmie, 
1875, 341 ; Dhigl. pol.J. ccxvii. 342; Jahrcsh.f, Chcvi. 1875, 1130). 

Preservation. -Favourable reports on Pasteur’s method of preserving wine by 
heating it to 60®-05° C. (vii. 1208) are given by C. Neubauer (hingl. pol. J. cevii. 
175). Ped wine keeps particularly well after this treatment, but white wines, which 
are richer in albumin, sometimes become turbid. • 

On the Neutralisation of the Fr*o Acid in wine by the addition of Calcium Carbonate 
to the must after fermentation (Chaptal’s process), see Moschini a. Sestiiii {Qazz. 
Chim. iM. 1873, 195 ; Chem. Soc. J. xxvi. 1275). 

On the treatment of wine with Air during FerAmnl ation, sec A. Ott {Dingl.pol. J. 
cl vii. 165 ; Chem. Soc. J. xxvi. 6G0). 

On the Classificatiou of wines, see B. Hoff {Dingl.pol. J. ccxiii. 451); P. Wagner 
{Jierichtc d. landw. Versuchsstation, Darmstadt, 1874; Jahresh.j. Chem. 1874, 1178); 
L. Weigert {Chem. Centr. 1878, 702; Chem. Son. J. xxxvi. 290); also E. Mach 
{Biedermann^s Centralhlatl f. Agriculturchemic, 1879, 453 ; Chem. Soc. J. xxxvi. 
1078). . 

On the^re'paration of Red wine, sec F. Kcrnlter {Chem. Soc. J. xxxvi. 681). On 
the pressing of rod wine, Ncssler {ibid. 681). 
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On the Plastering of wines, Pollacci (Gazs, Chim. ital. 1878) 379 ; CAm, Soc, J. 
xxzvi. 681, 762). 

On the Changes which wine undergoes in keeping, see^Berthelot (J. Pharm. Chim. 
[4], xxix. 489 ; Chem. Soc. J. xxxvi. 763). 

Analysis of Wines, i. Estimation of Alcohol. — E. Duclaux (Compi. rend. 
Ixxviii. 251 ; Ann. Ch. phys. [5], ii. 233) estimates the amount of alcohol in wine by a 
method based upon the fact tliat when alcohol is added to water, the density and 
surface-tension of the liquid are diminished, and consequently the number of drops 
yielded by a given volume of the liquid from an orifice of constant width is increased. 
The instrument used for the purpose is a pipette of 5 c.c. volume. It is filfod with 
the alcoholic liquid under examination, the drops are counted, and the alcoholic value 
is then dote^rmined from the tables which have been calculated for various tempera- 
tures. The alcoholic value of wines may thus be estimated with considerable accuracy 
without previous distillation. In those liquids the density varies very little, and is 
always near that of water ; and as their superficial tension depends solely upon the 
alcohol w'hich they contain, it is but necessary to count the drops which they yield, 
and refer to the tables for the result. c* 

If to alcohol or water slight traces of an organic substance having a high molecular 
weight be added, such as acetic ether, butylic or amylic alcohol, &c., the number of 
drops yielded by the'' alcohol or water rises very sensibly. A measurable effect can 
be produced with acetic ether. This process is thus available for 

detecting and approximately estimating cerbiin substances when present in such small 
proportions as would not be indit'ated by an/ other method. 

See further Ann. Chim. phffs. [5], ii. 289; Compt. rend. Ixxviii.’ 1159; Dingl. 
pol. J. ccxiii. 257, 261 ; Chem. Soc. J. xxvii. 1012. 

Estimation of Sugar. — E^champ {Compt. rend. Ixxx. 967) remarks that wine, 
after being decolorised, slightly concentrated, and freed from acid potassium tartrate, 
contains, in addition to sugar, two substance.^ possessed of optical rotatory power. 
The sfimo substances affect also the quantity ef copper proeipitatenl from an alkaline 
cupric solution, so that the fermentation method is the only one that can bo depended 
upon for the exact determination of the amount of sugar in wine. According to 
Chancel {Compt. rend. Ixxxi, 46) these bodies are identical with the gummy substance 
found in wdno by Pasteur (Etudes sur le Vint 1866, p. 213). See also Mau.uen6 
{Compt. rend. Ixxx. 1026). 

On the estimation of Glycerol in wine, see Glycerin (p. 873) ; alsoE. Kcichardb 
{Arch. Pharm. x. [3], xi, 142; Jahresh.f. Chem. 1877, 1200). 

Detection of Adulterations. — Elaborate memoirs were published a few years ago on 
the fraudulent coloration of wines by vegetable colouring matters of various kinds, 
e.g. extract of Brazil wood and logwood, cochineal, Portugal berries, berries of 
Phytolacca decandrat beet-root, hollyhock llowcrs, fuchsine, &c. ; but as most of these 
alleged adulterations are harmless, and the extent to which they are employed app^art 
to have been greatly exaggerated, a reference to the memoirs describing the mode of 
detecting them will be sufficient. See Gautier {Bull. Soc. Chim. [2], xxv. 435, 483, 
630; AnaJysty i. 109, 131; Chem. Soc. J. xxx. 330, 428); Chancel {Compt. rend. 
Ixxxiv. 348 ; Jahresh. f. Chem. 1877, 1202; Chem. Soc. J. xxxii. 371) ; Griossmayer 
(Dingl. pol. J. ccxxiii. 531; Chem. Soc. J. xxxii. 368); Vogel {Ber. ix. 1906); 
Hilger {fiingl. pol. J. ccxxv. 310 ; Chem. Soc. J. xxxii. 928). 

On the detection of Tannin in red wines by Ammonium-vanadate, see Vanadates 
(p. 2090). 

On the examiiiation of wines sophisticated with Glucose, see Neubauer (Dingl. pol. 
J. ccxxv. 309 ; Chem. She. J. xxxii. 939). 

WOXiFSAM. See Tungsten (p. 2066). 

WOXiXiASTONZTS. This mineral occurs, together with fassaitc, loss frequently 
with melanite and othor.mincrals, ;n the lava of Saiitorin (Foiiqu4, Compt.rend. Ixxx. 
63 ; Jahresh.f. Chem. 1876, 1275). See Volcanic Phoducts (p. 2114). 

WOOB. On the Electric Conductivity of various kinds of wood, see Electricity 
(p. 720). 

Heat-conductivity. — The following determinations of the specific gravity and heat- 
conductivity of box, maple, and oak have been ipade by E. f^ess (Ann. Phys. 
Ergiimbd. vni. 617) : ‘ ^ 
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3p. gr. 

Box, parallel to the fibres 0*790 

^ . 0-634 

» . » 0*621 

Oak^porpendicojar to the fibres, parallel to the annual rings 0*568 
MapTe, perpendicular to the fibres, parallel to the annual rings 0*607 
Oak^ perpendicular to the fibres and to the annual rings . 0*671 

On the Expansion-coeificients of various kinds of wood, see Heat (p. 936). 

On the Ablorption-power for Water of various kinds of wood, see Maumeno (Compt. 
rend, Ixkxvii. 943). * 

Composition of the Gases contained in the Cells and Vessels of Wood. — Experiments 
by J. Bohni {Landw, Versuchsst, xxi. 373) have led to the following conclusions: 

1. The gas collected by boiling in water living branches cont aining air only, is poor 

in oxygen, and always contains over 30 per cent, of carbonic anhydride, whilst fresh 
branches, killed by hot steam and tlien heated up to 90° in pure oxygen for 6 to 7 
hours, form very little carbonic anhydride. These results seem to show that the inner 
cells are biA slowly killed in the first case, owing to the low heat-conductivity of the 
wood, and that the contained oxygen is converted into carbonic anhydride during the 
process. ^ 

2. The best method for extracting the air is to seal one end of the bralhch, 
immerse it in water at a low temperature, and connect the other end with a Sprengel 
pump. 

3. In consequence of the low tension of the air in the colls of living plants, only 
that portion is extracted which has been absorbed by ^le branch whilst being cut olF. 
Only in one. case has *the^ air obtiiincd approximately the composition of that in the 
living plants. The cells of Syringa in a fnjzcii branch are almost impermeable to 
compressed air, whilst, when they are thawed,. air easily permeates them. 

•i. Numerous analyses show ihat the total percr<itii;.?« of ?«xygen and carbonic an- 
hydride obtained from thawed branches is always ^1 ess than the amount of oxygen 
contained in the atmosphere. During slow experiments carbonic anhydride is always 
formed by internal respiration. The remarkable composition of the cell-gas bears 
some? relation to its low tension, and is evidently a consequence of the relatively easy 
permeability of moist membranes for carbonic anhydride. 

6. During the experiment a little air is absorbed and a little gas escapes. 

6. Ill the first portions of gas extracted, t he total i^crcciitago of oxygon and carbonic 
anhydride is always greater than intho follow'ing portions, and is greater than the oxygon 
contents of the atmosphere. This is a consequence of the relatively easy permeability 
of moist membranes for oxygen, and of the greater absorbability of this gas by water 
as compared with nitrogen. The gas obtained from branches during the first five 
minutes often contained over 24 per cent, of oxygon. 

7. Syringa branches which had hung for eight days during winter within a 

Aoisteiiod cylinder, at aii ordinary room temperature, gave very little gas, as was also 
the ?aso with gas from thawed brjinchcs ; the total percentage of carbonic anhydride 
and oxygen was always less than that of the atmosphere. • 

8. The gas obtained as quickly as possible from freshly-cut willow branches in 
summer contained from 9 to 12 per cent, of carbonic anhydride, sliowing that the coil- 
gas of plants ill active growth is rich in carbonic anhydride. 

9. The gas obtained from the roots of willow-plants always contains a total per- 

centage of carbonic aiiliydrido and oxygen less than that of the oxygen in the 
atmosphere. The cause of this must bo that a part of the carbonic anhydride formed 
by the permeation of tho air is carried away by the ascending sj^p-current. This 
agrees with the fact that gas extracted from the branches is liehcr in carbonic anhy- 
dride as the transpiration is moro active. • 

Distillation at Low Temperatures. — H. B. Hoill [Ber, x. 936) found amongst the 
products pf distillation of wood at temperatures below 200°, as practised at a wood- 
vinegar factory at Brooklyn, furfural, and an orango-ycilow crystalline body, agree- 
ing in composition and properties with Scanlan’s pj^oxarthin (iv. 776). 

On the Preservation of wood by Impregnation with various liquids, see Dingl. pot. 
*7. cevii. 616; eexv. 472; ccxviii. 370, 627; Jahresh. f. Chem. 1873, 1106; 1876, 
1168-1160; Chem. Soc. J. xxvi. 1072; xxvii. 726, 728, 1189; xxviii. 491, 792; 
xxxii. 244. 

On tho manufacture of Paper from wood, see Rosenheim {Dingl. pot. J. eexx. 81 ; 
Chem. Soc. J. xxxi’ 234) ; also dhc7ti. Soc. J. xxv. 1048 ; xxvi. 1069. 

Wooa-^uiD. This name is applied by J. Thomson {J.fur Chem. [2], xix. 146) 
bo a substance — isomeric with cellulose and identical with the * pectin-substance’ of 
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Poumar6de a. Figuior (iv. 364), which is obtained by the action of cold dilute 
caustic alkali on wood. It is most readily prepared from beech sawdust, by digesting 
with aqueous ammonia, washing, again digesting withicaustic soda, filtering, precipi- 
tating the filtrate with alcohol, washing with alcoliol, digesting with a little diMite 
hydrochloric acid to remove mineral matter, repeatedly washing with alcohol, and 
finally with ether. • 

As thus prepared, wood-gum is a colourless powder, insoluble in cold water, but 
soluble in about 50 parts of boiling water, forming a liquid which becomes opiAoscont 
on cooling, and yields a copious precipitate on addition of a drop of ^dilute hydro- 
chloric acid, acetic acid, sodium chloride, caustic soda, or sodium acetate solution : it 
is insoluble in alcohol. No coloration is produced by addition of iodine tincture to a 
solution of pure wood-gum. 

Wood-gum is found in the wood of leafy trees, but is not present in that of conifers : 
the quantity of this substance in the wood of any tree increases as the axis of the 
trunk or branch is .approached : old wood contains smaller quantities of it than new 
wood. The following table shows the amount per cent, separated from different 
woods : 

Beech t 

Birch (old) Bt^ch (young) Ash Elm Onk Cheiry 
Periphery. . 13*9 8-2 11*9 138 97 8*9 14*4 19-3 

Middle . . f97 15*9 1P3 15*9 107 12*0 107 15-4 


Wood-oil, the volatile oil of Dipterocarpus- balsam or Gurjun-balsam (p. 918), 
may be recognised by the splendid violet colour produced on adding a drop of a 
cooled mixture of equal parts of sulphuric *.ind nitric acid to a solution of 1 pt. of the 
oil in 20 pts. carbon bisulpljjde. This coloration is not interfered w'ith by the 
presence of copiib.a-balsain, and it remains permanent for sevrt’al hours, whereas the 
similar colorations produced by cod-liver and valerian ^)iis disappear very quickly 
tFliickiger, Anaf^stf i. 94). 

Wood-tar. G. T^Ciius, by* fractional distillation of largo quantities of wood- 
tar, has obtained a scries of hydrocarbons boiling below 80®. together with boiizcno at 
80®. All these hydrocjirbons are said to yield nitro-amido-dcrivatives, and likewise 
dye-stuffs {Dingl. i^oL J. ccxxvii. 374; Chem. Soc, J. xxxiv. 664). See further Tab 

(p. 1880). 

WOOIb. The heai-condnciing power of wool is 12, that of air being tallen as 
unity (.1. Schulmeistcr, Dingl. pol. J. ccxxvi. 326). 

Air-dried wool contains 14*35 per cent, of water (Bernard, iAirf. 216). 


Decomposition hg Barium Hydrate, — Schiitzenberger {Compt. rend. Ixxxvi. 767), l»y 
decomposing 100 grams of purified wool with an aqueous solution of barium hydrat.e 
(300-400 grams) at 170®, has obtained the following products : 

Nitrogen (evolved as ammonia) 

Carbonic acid (separated as BaCO®) 

Oxalic „ (separated as BaC’-'O^) 

Acetic „ (by distillation and titration) 

Pyrrolino and volatile products 


Elementary composition of fixed residue, contain 
leucine, tyrosine, and other nitrogenous products 


ing 



. 5-26 
. 4-27 
.. 6-72 

m 


. 3-2 
. 1 to 1-5 

fC 

, , 

47-85 

II 

, , 

7-69 

N 


12^63 

Lo 


31-83 



100-00 


Oxidation in^Alkalipe Solution. — Wool, dissolved in acpieous potash and oxidised 
by potasifinm permanganate is converted into cyanopropionic acid, C*H*(CN)0‘'‘ 
(Wanklyn a. Cooper, p. 1676). • 

Bleaching. — The following directions for the bleaching of wool are given in 
Reiman’s Farhezcitung, 1873, No. 31. One hundred kg. wool are treated with a solu- 
tion of 5 kg. acid sodium sulphite^ and 2 kg. hydrochloric acid are added ; or the wool 
is sprinkled with the solution of the same quantity of the salt in 100 litres of water 
and then dipped in a bath of hydrochloric acid. 

J. Fersoz (Monit. scient. [3], iv. 862) discusses the difficulties which have to bo 
overcome in the ble;tchiug of wool. The sulphurous acid, either gaseous or in aqueous 
solution, unites with the-colouring matters of the wool, forming colourless compounds. 
The bleached wool consequently contains sulphurous ^cid, and mui|t therefore be very 
carefdlly treated, otherwise the sulphurous acid will escape and Che colours will re- 
appear. The sulphurous acid may, by the action of atmospheric cuygen, especially 
if assisted by sunlight, be converted into sulphuric acid, which affects the course of 
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the subsequent operations (dyeing, printing), besides acting on the tissue itself. The 
presrnce of sulphurous acid destroys the faint tint usually given to bleached fabrics 
by aniline-dyes. Bleu de I/^ns (dissolved in alcohol) is not altered by sulphurous 
ac4d ; Nicholson’s alkali-bldo is darkened by it ; fuchsine-violet is turned blue ; violet 
de Pam is first turned blue and then disappears altogether ; aniline-red is completely 
decolorised. Bleu de Lyons and fuclisine-violct are therefore the colours which best ^ 
withstand the action of sulphurous acid, and should accordingly be used for tlie blue- 
ing orbleached wool. The water used for washing has a very great influence on the 
fiibrics, and jio cheap method has yet been discovered of preventing the injurious 
action which it sometimos exerts. Very great care must bo bestowed on the glazing 
of the Tissues. The smallest trace* of lead-compounds in the gl*\zc is sure, sooner or 
later, to exert a disturljing action. The ^iddition of paraffin to the glaze must be 
avoided, as paraffin cannot be subsequently removed from the tissue. If the woollen 
fabric is wound on rollers, it is not advisable to lay a number of such rollers one on 
the other, as the tissue is thereby prevented from expanding and contracting freely, 
and consequently becomes dragged. The rolls should bo as far as possible set up on 
end and frequently reversed ; otherwise the water will collect at one end, thereby 
causing thA cloth to dry unequally and become spotted. On the whitening of woollen 
cloths see also V. Preston (Bingl. jjol. J, ccxxv. 5:U ; Jahresh.f, Chem. 1877, 1229), 
and A. Kielmcyer {Bingl.jiol. J. ccxxv. 889). ^ 

According to C. Laiith {Bidl. Soc. Ckm. [2], xix. 401), wool mhy bo 
prepared for dyeing with aniline- green by treating it with sodium thiosulphate 
and an acid. The sulphur thereby separated fixes itself on the wool and imparts 
to it the power of taking up the aniline-green. Direct experiments have shown that 
this action is exerted only by that portion of the sulplmr which is insoluble in carbon 
bisulphide. Every Other method of impregnating wool with sulphur has led to only 
negative results. It is advantageous to mix the thiosulphate solution with alum or 
a zinc salt. If it be desired to give th.* ^een a tinge ^-.f yellow by simultaneous dyeing 
with picric acid, a small quantity of zinc acetate us b^ added to tho bath. Zinc 
acetate keeps up the blue tint of the aniline-green. 

Alkali-blue (Nicholson’s blue) may be fixed on wool, so as to stand the fulling 
process, by adding a little zinc sulphate to the second (acid) bath. Dyeing with 
other aniline colours is also greatly assisted by the addition of zinc sulphate to the 
dy^bath (E. llrauss, Bingl. pol. J. ccviii. 157). 

To print a yellow colour on woollen thread previously dyed rod, 40 grams of xanthine 
arc dissolved in 500 g. water, and, on the other hand, 30 g. sodium sulphite are 
dissolved in 500 g. water, and 250 g. ziiic-dust are stirred into the resulting solution. 
The twe solutions are then mixed, tho p.attorn is printed with the mixture, and the 
cloth is finally steamed. Aniline-yellow cannot bo used for this purpose, since aniline- 
colours are destroyed by zinc-dust {Dingl. }x>l. *7. ccviii. 238). 

On the direct yellow-dyeing of wool with chromic acid^ see Jacquemin (p. 4G0). 
• V. Joclct {Dingl. ccxxix. 288) recommends for this purpose the use of ehronie-alum 
irAtead of potas.sium dichromate, a greater regularity of tint being thereby obtained. 
The wool is boiled for an hour and a half in a chrome-alum bath, whereby it is 
coloured bluish-green. Tho colour is stable, and bears exposure, which is not the 
case when potassium dichromate is used. For blue.s and greens, alum and sulphuric 
acid are added to the bath ; for blacks, the sulphuric acid is omitted. For brown, 
sulphuric acid is used if the material is not to be dyed with madder. Copper 
sulphate gives darkei«tones, whilst addition of tin salts is made in case of violet- 
blues and bluish-greens. 25 kilos, require the following proportions in tho chrome- 
alum bath : 


Colour 

Alum. 

n*so*. 

CnRO^ 

Cbrome-alum. 


Cr ni8 

Grams 

* Grams 

Grams 

Brown madder 

. — 

— 

— 

*650 

Olive madder . 

— 

— 

50 

630 

<£lack . 

. — 

— 

— 

625 

Coffee-brown . 

. — 

40 

100 

600 

Dark blue 

500 

*50 

50 

450 

Light blue 

. 500 

50 

— 

400 

Dark green 

. 600 

60 

100 

500 

Light green 

300 

60 

— 

625 

Violet . 

. 500 

60 

40 

500 


salts of tin. 


a > 

On tha removal of Vegetable fibres from Wool by the action of Acids (Chemical 
Purification oDWool) see Duclaux, Leehartier a. Raulin (Bull, Soc. Chim. [2\ xxi. 337 ; 
Jahresh. f. 6%m.*1874, 1204; Chem. Soc. J. xxviii. 200). On the use of Aluminium 
chloride for tho same purpose, see Joly {Dingl. pol. J. ccxxvi. 328). 
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XAirTBAMlBBi NH’.CS.OC’H* (v. 491), is formed, together vith mithyl* 
mercaptan,1>y the action of alcoholic ammonia on the thioairhonic ether, CH^.CS.OC'H* : 

NH* + CH»S.CaOC‘H'> = NH*.CS.OC»H» + CH'.S.H . 

i: 

(Salomon a. Manitz, J. pr, Cheni, [2], viii. 114). 

On the reaction of xanthamide with Valeral^ see p. 2084. 

Metkylic Xanthamide, NH-’.CS.OCII*, is formed, together with methylic oxythio- 
carbiimate, NH*.CO.SOH®, by the action of thiocyanic acid on methyl alcohol. 

XAVTBATBS, C^H^HS^ = KS.OS.OC^H^ (it denoting a metal or alcohol- 
radicle). The products of the dry distillation of metallic xanthates Ijiave been 
examined by Fleischer a. Uanko {Ber. x. 1293). The dry potassium and sodium 
salts yield carbon disulphide, ethyl monosulphide, ethyl disulphide, and carbon uxy- 
Bulphide ; the hydratiid salts yield mercaptan, carbon disulphide, the two sulphides 
of et&yl, carbon dioxide, and hydrogen sulphide. The residue consists chiefly of 
carbonates. Leud xanthates yield the same products as the dry xanthates of the 
alkali-metals. The compound called xanthiirin, described by Couerbe as a product 
of the distillation of xanthates, is regarded by Fleischer a. Hanko as a mixture of 
the two ethyl sulphides with cai4x)n oxysulphide. 

E. A. Grete (^Ber. x. 1039) makes use of the hydrogen ,.#jlphide evolred by the 
decomposition of xanthates for the reduction of nitric acid in the quantitative estima- 
tion of nitrates. For this purpose the nitrate is heated with a mixture of a xanthate 
and soda-lime. • ♦ 

On the estimation of Carbon disulphide by converting it into potassium xanthate, 
and titrating this salt with a normal solution of copper, see CaiinoN Bisulphide 
(p. 408). 

According to P. Zoller (Dingl. pol. J, ccxxi. 191 ; ccxxii. 190) small quantities of 
xanthates mixed with the soil prevent the formation of fungi. Zoller a. Grete {Ber. 
viii. 802, 065) recommend potassium xanthate as a remedy against Phylloxera. 

The following xanthates are described by T. L. Phipson {Compt. rc7td. Ixxxiv. 
1459) Tho cuprous salt formed on mixing a cupric salt with potassium xanthate is 
an orange-yellow shining precipitate, in.soluble in water, easily .soluble in carbon 
sulphide, very easily in nitric acid ; in tho dry state it burns like tinder. It is in- 
soluble in ammonia, a property which may be rendered available for tho separation 
of copper from metals which form xanthates soluble in ammonia. The xanthates of 
nickel and cobalt are especially distinguished one from the other by their reaction * 
with ammonia, tho former being soluble therein, the latter insoluble. The sine sdlt 
is easily soluble in ammonia. 

When potassium xanthate and ethyl chlorocarbonate are mixed in nearly mole- 
cular proportions, a slight excess of the former being, however, advantageous, a white 
precipitate is formed containing chloride and ethylcarbonate of potassium, and at 
the same time an oily liquid is produced, which, after treatment with a large quantity 
of water, solidifies to a crystalline pulp ; and on rec) 7 ^tallisirfg this product from 
alcohol, splendid yellow needles are obtained, melting at 65® and consisting of 
diethylic dithiodicarbothionato, S(CJ*SOC'-'fl®)‘'*, analogous to the ethylic dicarbo* 
thionate, 8(0000-11®)’*, which V. Meyer obtained b^r the action of sodium mono- 
sulphide on ethyl chlorocaf bonate (vi. 406). Its formation may perhaps be represented 
by the equation : ’ • 

With potassium ethylate it yields 00(00*11® )8K, and potassium xanthate : 

s(cs.ocm»)« + 2Kon = + ho; 

and with alcoholic ammonia it forms xanthamide : 

^ S(CS.OC*H»)> + 8NH’ = 2CS<°^* + NH'SHi 

Potassium xanthate and ethylene bromide form ethylethylenic xanthate, 
C*H\8.CS.OC*H®)*, as a yellowish oil, which solidifles after washing with water, and 
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is obtained by leciystallisation from ether in fine strongly refractive crystals, appar- 
ently belonging to the rhombic system and melting at 42®, This body is decomposed 
by potassium ethylate, with fi^rmation of potassium xanthate, ethylene bromide, and 
witer : 

^*H«(S.CS.OC®H*‘)* + 2KOH = 2CS(OC*H»)SK + C'^H^O + H*0. 

With alcoholic ammonia it yields xanthamide and ethylene-mercaptan : ^ 

^ C2]I^(S.CS.OC*Hs)2 + 2NH* « 20S(0C*1P)NH2 + C^H^Sn)*. 

The action of ethylene bromide on the compound CO(OC*H*)(SK) appears to bo 
analogous to that which it exerts upon the xanthate (II. Welde, Ber. ix. 1044). 

ZAWTBnrZirB, C*H*N®0-. This base, which Finck obtained by the action 
of heat on ammonium thionurato (v. 1051). is also produced by the action of sulph- 
uric acid at 160° on pseudouric acid (p. 1698). 

BAXTTHZVM. According to Guichard {Pkarm. J. Trans. [3], vii. 249), 
Xanthium s/pinosum contains an alkaloid; Godeffroy, on the other hand ix. 1796), 
found in it neither alkaloid, nor glucoside, nor bitter principle. The plant yields a 
large quaniSty of ash rich in alkalis and nitrates. By distillation with water it 
yields a distillate smelling of chamomile, from which a small quantity of a greenish 
oil may be separated. 

XABTKOOAM01i,C>»llW^O«‘(Stonhouse, C;/m. J. xxviii. 1). This 
compound is formed by the action of bromine in presence of water on tribromopyro- 
gallol (vii. 1031). It is best prepared , by gradually adding 1 mol. pyrogallol to 
10 pts. bromine, leaving the product at rest for two or throe hours to ensure the com- 
plete transformation of the pyrogallol into tribromo^^yrogallol, and then shaking it 
with 30 pts. water till-4t is completely dissolved, and heating it. With a larger 
quantity of water the yield of xanthogjillol is smaller, an oil being formed at the 
same time, which greatly iiicrmses the diificulty of purifi^tion. Xanthogallol is 
formed only by the action of bromine and water of.* rondy-rformed tribromopyrogallol, 
according to the equation : 

4C®lPBr*0* + llBr'-* + 61VO = C'-H^Br'<0“ + OCO* + 20HBr. 

PyrogalUl itself, when similarly treated, does not yield a trace of it. 

Xanthogallol, purified by rocrystallisatiou from carbon sulphide and light petroleum, 
forms shining yellow laminae, melte at 122®, and dissolves readily in ether, benzene, 
and carbon sulphide, less easily in pctioloum. It is decomposed by solution in alcohol, 
by boiling with water, and by prolonged boiling with benzene or petroleum. When a 
solution of 1 pt. xanthogallol in 10 pts. ether is agitated with 2 pts. of a cold saturated 
solution of sodium carbonate, the liquid being cooled from time to time, the ether 
takes up a body which remains, on evaporation of the ether, in the form of an oil 
having a peculiar odour, whilst a scMlium-compound separates in light yellow shining 
Jaminm. If this sodium-compound, after washing with a nearly saturated solution of 
sodium carbonate, be suspended in 8 pts. of water and dilute bulphuric acid added, a 
substance, apparently having the composition C'^H^Br^O", sepiirates in long colourless 
needles melting at 130°, very easily soluble in alcohol and other, soluble also iu^hot 
benzene and carbon sulphide, sparingly in petroleum,* decomposing gradually at 
ordinary temperatures. The sodium-compound is not very solublo in cold water, but 
dissolves readily in alcohol. It is decomposed by ilrying at ordinary temporaturea 
and by the boiling of its aqueous solution. The analogous ammonium and potassium 
compounds resemble the sodium-compound in their properties. The aqueous solution 
of the sodium-compound gives a dirty-white precipitate with cupric sulphate, yellow 
with silver nitrate. The solution of tho silver precipitate in iiitrks acid decomposes 
on boiling, with separation of silver bromide. The chlorides^ of calcium and barium 
give white precipitates. The 5 my’^<;, 7 -«*oinpound beci^mes yellow when ^ried in a 
vacuum, and then contains 15'64 to 16*7^2 per cent, Ba, The white crystalline com- 
pound, agitated in ethereal solution with aqueous potassium iodide, yields a shining 
yellow precipitate insoluble in water, but dissolving, apparently with decomposition, 
in alcohol. 

When tribromopyrogallol is treated with only 1 mol, bromine and then mixed 
with 5 to 10 pts, water, an orange-coloured solution is formed, which after a short 
time deposits colourless laminic of a compound decomposing slowly on standing, more 
quickly when gently heated. This compound is nearly insoluble in carbon sulphide, 
slightly soluble in water, easily in ether, and is precipitated therefrom in the crystal- 
line state by chldtoform or carbon sulphide. It does not appear to be converted into 
xantbogalla by, the action of bromine in excess. 

aLABTSOPBTU. See Pmnt-coi.oiir 8 (p. 1630). 
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XAWTBOPBYXiXiXTE. On 'the variety of tliis mineral called WUuewitet 
see p. 2137. 

XAWTBOPini»U»lJr, = C*H<<^q^C;H»(OH)». This unsy^- 

metrical dihydroxyanthraqiiinone —better called Purpuroxanthin^ inasmuch as xantho- 
purpurin would seem to imply that the compound in question is a pu!*purin — thA is to 
say, a ^W-hydroxyanthraquinono— was discovered by Schiitzenberger, who obtained it 
from madder and by reduction of purpurin ; was afterwards prepared by Liebermdnn a. 
Fischer from purpuramide by the action of nitrous acid (p. 103), and has been further 
examined by H. Plath (Ber, ix. 1204). It crystallises from glacial ackic acid in 
thick shining needles melting at 262°-263°. Bj' boiling with sodium acetate it is 
converted into a salt which crystixllises in red needles. It forms crystalline compounds 
with lime and baryta. 

Dihroinoimrjmroxanthiny C‘'“H^Br*(CO)*(OH)-, formed by the action of bromine 
at ordinary temperatures on purpuroxanthin, is slightly soluble in alcohol, easily 
soluble in glacial acetic acid, from which it cr 3 "stallises in orange-coloured needles 
melting at 227°- 230°. By boiling with ammonium acetate it is converted into 
dibromopurpuroxanthinammouium, which crystallises in felted groups of red 
needles having a splendid metallic lustre. 

Dinitropurpnroxa%thini C'-’II‘(NO“)‘^(CO)'(pn)“, obtained by the action of fuming 
nitric acid (sp. gr. 1*48) at ordinary temperatures on purpuroxanthin, is soluble in 
water, more readily in ether, alcohol, and glacial acetic acid, and crystallises in small 
light-red needles melting at 249^-250®. ItaJjarium compound, C‘^H^(N0'-')'-^(0*Ba)0*, 
crystjillises in dark-red noodles; thQamnwnimi compound, C“}1;‘(N0*)'‘*(0IIX0NH^)0^ 
obtained by boiling the dinitro-cicrivative with ammonium acetate, forms light-yellow 
needles having a silky lustre. By trefiting purpuroxanthin aissolved in strong 
sulphuric acid with nitrous acid, a dinitropurpuroxanthin is obtained, which also 
melts at 249°, but crystallises from glacial acetic acid^jn thick needh^s having a steel- 
blue colour. It dissolvt^ r^jadily hi water, alcohol, ether, benzene, and glacial acetic 
acid, and dyes wool an orange colour. Whether this dinitropurpuroxanthin is identical 
or isomeric with the former is a question not yet decided. 

Dimethylpurpuroxanthiih C®H*.C‘-0*.C*IP(OCH“)-, is formed when purpuroxanthin, 
methyl iodide, and potassium hydroxide in molecular proportions, with addition of a 
little alcohol, are heated together at 100° in a sealed tube for several hours.* It 
crystallises from glacial acetic acid in small light-yellow needles melting at 178°- 
180°. Diethylpurpuroxanthin, prepared in like manner, forms dark-yellow needles 
melting at 170°, insoluble in water, easily soluble in alcohol and in glacial acetic 
acid. 

Purpuroxantbln-oarlioxyllc acid, 0'-'Il”0'’ = C*K)^IF.C00Il. ^-Purpurin. 
This acid has been found by Schunck a. Homer (Ber. x. 172) in a substance accom- 
panying natural purpurin, and may bo obtained from tho mother-liquor which 
remains after tho crystallisation of the crude purpurin from alcohol. This motjier-* 
liquor is evaporated to dryness ; the residue is treated with boiling water ; a ftw 
drops of hydrochloric acid are added to the solution ; the resulting precipitate is 
boiled with baryta-water as long as it is acted upon thereby; tho insoluble barium 
salt of purpuroxanthin-carboxylic acid is decomposed by hydrochloric acid; and 
the free acid is recrystallised from alcohol. The acid may also be prepared from the 
aluminium-compound of commercial purpurin by exhausting this compound with 
boiling dilute hydrochloric acid, which leaves part of it undecomposed, and boiling 
this portion with strong hydrochloric acid. 

Purpuroxanthip-carboxylic acid is, according to Schunck a. Homer, the chief con- 
stituent of €-purpurin j^nd identical with Stenhouse’s munjistin (iii. 1061). It 
crystallisep in hydrated yellow needles having a golden lustre, and efflorescing even 
on exposure to the air, more readily at ^0°. It m^its at 231°, and between 232° and 
233° is completely resolved into carbon dioxide and purpuroxanthin. It dissolves 
readily in boiling hydrated alcohol, and frequently separates from tho coniSentratod 
alcoholic solution in anhydrous lapiinae having a golden lustre. By very slow crys- 
tallisation from glacial acetic acid, in which it is easily soluble, it is obtained in 
tetahedrons. It is more soluble in boiling water than purpurin ; dissolves likewise in 
benzene, chloroform, ether, strong sulphuric acid, potash-ley, ammonia, boiling alum- 
solution, and sodium carbonate. The barium salt has a crimson colour and is in- 
soluble in water. 

XABTBOROCBUXBi See HocfflxA (p. 1759)jr 

XAWTBORBAMirZfr, The glucosido of BhamnusdnfStorius. Sec 

Huamnits (p. 1757). 
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3CBVOTXM8« This mineral occurs in the Binnenthal, in small crystals of the 
quadratic system, exhibiting the combination P.ooP.3P3 (angle P : P in the lateral 
edges -82® 22'), and agreeiyg'^n form with the xenotime of the St. Gothiird, Hitteroe, 
ana Tavetschthal, but not with Kenngott’s wiser ine (C. Klein, Jahrb.f. Min» 1875, 
337, 369, 852). , 

Xem>time from Hitteroe has been analysed by 0. E. Schiotss {jbid. 1876, 306), 
with tj^e following result : 

P>0» '* Y*0» Cc*0*,Al*0> Fd» 0’ Mn*0* FeO CaO H“0 

31-88 64i88 8*24 2 93 013 0*87 0*13 1*66 * 100*62 

Xenotime has been prepared artilicially by F.Radominski(Cbwe2?^. rend,lxxx. 304). 

XBSLOmC ACXD,C»n‘20<. A. Prehn (Ber. viii. 19, 359), in preparing moth- 
acrylic (crotonic) acid from citraconic anhydride, obtained, together with the calcium 
methacrylate, a sparingly soluble calcium salt, the acid of which boiled at 232® and 
remained fluid at —20®. This acid, or rather its anhydride, which Fittig 

has since obtained as a product of the decomposition of citraconic anhydride (p. 513), 
appears to have been contained in the citraconic anhydride used in Prehn’s experi- 
ments, as oh dissolving the latter in water, dark oil-drops remained, which, when 
distilled with steam and afterwards heated with water and pulverised calc-spar, 
yielded the sparingly soluble calcium salt^ above mentioned. * • 

Xeronic acid exhibits the peculiarity, hitherto observed only in acid anhydrides of 
the lactide type, of separating in the form of an anhydride when their salts aro de- 
composed by a stronger acid, so that the acid itself is not actually known. Some of 
its salts havo been examined by Fittig (Limits Annalen, clxxxviii. 69). The calcimn 
salt above mentioned has the composition C'*n“*0 ‘Cl + H'“0, gives oif its water at 
130®-140®, and when liecied with dilute hydrochloric acid yields the anhydride, 
as a colourless oiC which is very slightly soluble in water, volatilises very 
easily with steam, may also be ^JistiUed alone, and boils without decomposition at 
242®. It dissolves very slowly when agitated wiih*.!. cold# concentrated solution of 
sodium carbonate, more quickly when heated, also in ammonia. The dilute amnioni- 
acal solution, rendered neutral by evaporation, is not precipitated by calcium chloride 
at ordinary temperatures, hut when heated therewith yields a thick white precipitate 
of the calcium salt. The ftarium salt^ C"JP®()^Ba + ^IPO, prepared in like manner, is 
very Eiuch like the cjilcium salt; it becomes anhydrous at 140®, and under|;oe8 no 
further. The silver salt, C‘‘H‘®0*AgS obtained in a similar manner, is a white pre- 
cipitate, very slightly soluble in boiling water, not affected by light. 

Xeronic acid has probably tlie constitution of di-methylacrylic acid: 

IPC— C(CH«)--COOir H'C— C(CH>)— COv 

I 1 

H*G— C(CH»)— OOOIT H=C— C(CH»)-CO'^ 

Xeronic sicid Xeronic anhydride 

* a^maNSS, C"H*® = C'‘n'(CII*)®. Ortho- and para-xyleno occur in coal-tar. 
Pam-xyloiie is obtained by agitating crude coal-tar xylene with warm common sul- 
phuric acid, which dissolves only traces of paraxylene, treating the undissolved 
residue with fuming sulphuric acid, which converts it into paraxylene-siilphonic acid, 
and separating this acid from the crude mass by water, which throws it down in the 
form of a crystalline hydrate nearly insoluble in the diluted acid. The hydrated 
Bulphonic acid thus obtained may be purified by repeated crystallisation, or by con- 
version into the barium or soflium salt. When subjected to dry diiitillation, or 
heated with hydrochloric acid, it yields perfectly pure paraxylene^, which for the 
most part remains solid at 13®. ■ . 

The portion of tlie crude xylene which is soluble in ordinary sulphuric (Mid is a 
mixture of ortho- and wc/a-xylenes, tie latter predominating. To separate them, tlie 
sodium salts of the sulphoiiic acids into which the crude sulphuric acid solution is 
first converted, us above mentioned, are transformed .by tlio action of phosphorus 
pontachloridc into chlorides, and these by Schiller a. ptto’s method (p. 1851 ) into the 
corresponding sulphinic acids ; and on crystallising I he sodium salts of these acids, 
that of the orthoxylcne-sulpliiuic acid separates out first, while that of the motaxylene- 
snlphinic acid remains in the mother-liquor. 

OrthoxyUne may also be obtained from the tar-oil by a shorter process, which 
does not involve the preparation of the sulphinic acids— namely, by saturating the 
portions extracted fvora the oil by ordinary sulphuric acid, after dilution, with cal- 
cium carbonate, converting the resulting salts into sodium salts, concentrating the 
solution strongly, Ind leaving it to crystallise. The crystals of sodium orthoxylene 
sulphonato thus obtained may be purified by three recrystallisations. 

VoL. VIII. 6 V , 
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Orthoxylenc separated from the sodium-salt of its sulphonic acid, or from the 
corresponding amide, hy the action of hydrochloric aci^ at 190®-196°, boils at 142°- 
143° (0. Jacobson, Ber, x. 1009). •’ ^ 

Baraxylene. — In preparing this hydrocarbon by the action of methyl iodide and 
sodium on parabromotoluene, b. p. 28‘5° (v. 1056), it is not advisable to use Cther as 
a diluent, as the action is then extremely violent and the product small. With 
benzene, on the other hand, as a solvent, the reaction takes place at ordinary t<fmpera- 
tures, and is completed in a comparatively short time. The quan^ty of bromo- 
tolueno acted upon in one operation should not be greater than 50 grams. The yield 
never exceeds oue-iifth of the bremotoluene employed, a considerable qmfntity of 
ditolyl being formed at tlie same time. 

Pure paraxylene melts at 15°, boils at 136°-137°, and is converted by oxidation 
vith dilute nitric acid into paratoUiic acid, melting at 173° (Jannasch, Liebig's 
Annalen, clxxi. 79). 

Metaxylene is produced, together vrifch a small quantity of paraxylene, by pass- 
ing a stream of methyl chloride, dried by sulphuric acid, for forty-eight hours into 
two long-necked flasks containing 500-600 gr. toluene and 15-20 per cent, alu- 
minium chloride (see Hydrocarbons, p. 1063), and placed in a water-bath at 70°-80°. 
Tim product, purified by fractionation and .oxidised by permanganate, or in alkaline 
solution by chromic acid, yields isophthalic acid, together with a small quantity of 
terephthalic acid (Ador a. Rilliet, Ber. xi. 1627). 

Metaxylene is also formed, together T|ith dimethylethylbcnzene, by submitting to 
fractional distillation those portions of crude wood-spirit which are insoluble or only 
slightly soluble in acid sodiftm sulphite, and heating the fractions 130°- 140° and 
165°-175° for some time in an oil-bath with zinc ch^otide (80 c.c. liquid with 
10 gr. zinc chloride). The clear oil floating on the top of the product gave, after 
w’ashing with strong ^Iphiiric acid and rectification over sodium — from the first por- 
tion, xylene boiling at 198°-143°; from the second, diniothylethylbenzeno boiling at 
175°-183°. The xylene, by oxidation with chromic acid, was converted into iso- 
phthalic acid (Kraemor a. Grodzki, Ber. ix. 1920). 

Metixylene, heated in a sealed tube at 130°-X60° with dilute nitric acid (1 acid 
to 2 water), is oxidised to meiatoluic acid (Rriickner, Ber. ix. 405). 

When carbonyl chloride is passed into meUixylene cooled to —15°, and aluminium 
chloride then gradually added to the mixture, xylyl ketone, CO(C®H®)*, is formed, 
which remains liquid at —60°, boils at 340°, and is convortctl by saponification with 
potash into dimethyl-benzoic acid. By prolonged boiling it gives up water, and is 
converted into a Iiydrocarbon, (Ador a. Rilliet, Ber. xi. .399). 

Metaxylene (1 vol.), heated for forty-eight hours at 280° with 10 vol. hydriodic 
acid and amorphous 2 ^hosphorns, is converted into hexhydromotaxylen'e, 

(p. 160). The product, after washing with soda-ley and water, drying, and rectifica- 
tion over sodium at 150°, boils between 115° and 120% has a specific gravity^f 
0*777 at 0° and vapour-demsity =3*75. With bromine and strong sulphuric a^id it 
reacts like a saturated hydrocarbon. The same hydrocarbon is produced by heating 
1* pt. camphoric acid at 280° with 12 pts. fuming hydriodic acid saturated at 0° 
(Wreden, Ber. vi. 1379). 

ChhroTKietaxylene, or Metaxylyl Chloride, CH*.C®H*.CH'Cl = C*.CH*.H.CITOl.n® 
(also Called Isotolyl Chloride), is obtained by the action of chlorine on metaxylene at 
the boiling heat. It boils at 195°-196°, and has a speciflfe gravity of 1*079 at 0° 
and 1 064 at 20° (Gundclach, Compt. rend. Ixxxii. 1444). 

Benzyl-xyienop = C"1P.CH*.C*IP(CH’)-. Two modifications of this 

hydrocarbon, viz. bon^yl-isoxylene and bcnzyl-paraxylcne, are obtained by acting upon 
isoxylene and paraxylene with benzyl chloride presence of zinc. Benzyl-isoxylene 
is a colourless liquid, of faint aromatic odour, lx>iling at 295°-290°. Benzyl-para- 
xylene is a similar liquid, boiling at 293*5°-294*5°. The former, when oxidised 
with potassium dlchromate and sulphuric acid, yields benzoyl-isophualic acid, 
C*H=.CO.C"H®(CO-'II)2 (p. 313) f/incke, Deut. Chem. Ges. Ber. v. 799). 

Paraxylene (1 I 4) can evidently yield but one benzyl-paraxylcno, viz. that which 
has the structure 1 : 2 : 4 or I : 3 : 4 ; but isoxylcne, 1 : 3, may yield three benzyl- 
isoxylenes, viz. 1:2:3, 1:3 : 4, and 1:3; 5. Which of the three is formed by 
the process above mentioned tliere appears to be at present no means of determining. 

1 .3 f) 

Bromoxylenes. SymmetriccU BromomeiaxylMe, C®H*(CH’'i(CII*)Br, is obtained 
by passing nitrous gas into an alcoholic solution of Genz’s bromoxy^diim, C^H^Br.NH- 
(vii. 1210), a dibromoxylene (b. p. 2.52°) being formed at the same time as a secondary 
product. The monobromoxylone has a specific gravity of 1*362 at 20°, remains fluid 
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ttt -- 20®, and boils at 204®. A mixturp. of this bromoxylone and othyl bromide heated 
with sodium yields symmetjical ethyl-dimethyl-bonzene, 

(\^roblcwsky, Bcr. ix. 496)# See p. 761. 

C*.CH®.Br.H.CIf®.H*, prepared by dropping bromine into well- 
cooled ^arMjlene, foiling* the well- washed product with alcoholic potassium sulphide? 
and rectifying, boils at 199*6°~200*5®, and solidifies on cooling in shining laminae 
or tables melting at 10®. By oxidation with chromic acid in glacial a(!etic acid solu- 
tion it is con|^erted into parabromotoluic aci-d melting at 203*5®, By nitration 
it yields a liquid which after a while deposits crystals, melting, after pressure and 
recrystrfllisation from alcohol, at 70*^71® (Jannasch). 

Xltroxylenea. According to A. Rammer {Bull. Soc. Chim. [2], ix. 434), the 
portion of crude xylene insoluble in sulphuric acid (p-xyleno) yields a dinitro- 
xy lone, which melts at 92®, and, according to measurements by Descloizeaux, forms 
monoclinic crystals, whereas the xylene soluble in sulphuric acid (o-xyleno) yields the 
other dinitroxyleno described by Glinzer a. Fittig (v. 1058), which melts at r23-o°. 
According to Jannasch {Liebig's Anmlen^ clxxi. 79), paraxyleno treated with fuming 
nitric acid in the cold yields both those dinitro-derivatives, which separate at once as 
a solid product, whereas Glinzer a. Mttig obtained an oil from which the dinitro-com- 
pounds crystallised out after some time. • • 


XTXiBXrSBVUHAMXDlSS, C«H»(CH7.S0'\NH2 (.Jacobsen, Bcr. ix. 256; 
X. 1014 ; xi. 17). Two 4?2C^axylenesulphamides, distinguished as o and jS, are obtained 
from the mother-liquors of the preparation of pseudocnmoiie and nn^sityleno respectively 
(pp. 1283, 1286); Or-7)ieta.xyknc.wlphamide [1:3: 4jior CyCH^.H.CJRSO^NH^. 
crystallises from hot alcohol in large shining laminfc, from hot water in long pointed 
needles, and melts at ^-mctaxylenesvlphamide [1:2: 3], or 


C« Oil 

-t ^ 

crystallises from alcohol in rosettes of needles or in tlfi«'lvor cfystals, from water in flat 
flex1t)lo needles, and melts at 96®-96®. 

Paraxylcncmlphamide, C'*.OIPSO’-NlP.ir.CH*.H’‘*, melts at 148®; ortkoxylenc- 
sulpkamiiU, C«.CH» CH» H.SO‘^NIT‘.ir*, at 144®. 

The constitution of the wc/rtxyloncsulplmmidos and the corresponding sulphonic 
acids <8 established by the following transformations: (1) The potassium salt of 
u-metaxylenemlphmiic acid- is converted by fusion witli potassium cyanide into the 

1 3 4 

nitril of xylidic acid, C®II’(CN)(CH’)(CN). (2) The same potassium salt heated 
with sodium formate is converted into the corresponding xylidate. (3) The sramo 
potassium salt fused with potassium hydroxide yields hydroxy toluic acid, melting 
at 161® and convertible into paTacresol (p. 2024). (4) The sulphonic acid or the 

amide is converted by oxidation into a-hydroxyisophthalic acid, 

* [CO'^IT : CO*H : OH = 1:3:4] 

(p. Ifif32). (5) The meihylic ether of liquid, xylmol (p. 1541) is oxidised by potassium 
permanganate to methyl-a-hydroxyisophthalic acid. (6) The u-amide i*s 
oxidised by chromic acid or permanganate to a sulphaminetoluic acid, 

C«IP(SO*NH*)(CH»)COOH, 

which melts at 254® (corr.) and crj^stallises from hot water in long brittle anhydrous 
needles, sparingly soluble" in cold wjiter, also in alcohol and ether. By gentle fusion 
with potassium hydroxide it is converted into o-homo-jJ-liydroxybenzoic acid, 
[CO-H : CH® : OH = l : 3 : 4 |. (7) The sulphamine-toluic acid is oxVlised by potas- 
sium permanganate to a sulphamine-isophthalic acid, convertible into 
a-hydroxyisophthalic acid. 

The relations between these Be\-^.ral products and a-metaxylencsulphonic acid 
may be more clearly shown by the following figures : 


CR> • CO»H CIP CO“n CO*U CO“It 



o-m-Xyleno Xylidic. a-Tlydroxy- a-IIydroxy- o-IIomo-p-liyrtroxy- Sulpliamine- 

Bulphonic. ♦ toluic. isophthalvc. benzoic. toluic. 


fi-Xylenem1pha\i^id€ (m. p. 95®-96®) is oxidised by chromic acid to a sulphami ne- 
toluic acid, melting at 202®-205®, and convertible into a hydroxy toluic acid, 
which melts at 166®-160®and is probably identical with Schotten’sortho-homosali- 

6x2 . 
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c y 1 i c a c i d (p. 2024 ). By oxidation with potassium pcTmanganate, the j9>amide is con- 
verted into a sulphamine-toluic acid, which may be 8(f)arated from the acid solution 
by agitation with ether, and does not form a sparingly Soluble acid potassium i^lt. 
The corresponding hydroxyisophthalic acid molts between 240° and 243°, and 
produces a cherry-red coloration with ferric chloride. • i 

A mixture of equal parts of a- and jS-xylenesulphamidc melts at 110°; a mixture 
of 2 parts a- and 1 part jS-sulphamide at 122°-123° (Jacobsen). i 

XTXtSlTESU&PBOXrZC ACIDS, C^IP. SO»H = C»H’(C1I»)2(S0«I) (Jacobson, 
Ber, xi. 17). When metaxylene is dissolved in fuming sulphuric acid, J;he only 
products formed are the sulphonic acids whos^ amides melt at 95°-96° and 137° 
(p. 2147) ; the same result was obtained with a metaxylene prepared from these 
amides. 

a-Metaxylenesulpbonlc acid, [1:3:4], or C^CHMT.CIP.SO^H.H^ best 
prepared by heating the corresponding amide (m. p. 137°) with strong sulphuric acid 
at 1 45°-l 50°, crystallises in large laminae or flat prisms containing 2 mol. IPO. Its 
barium salt forms small rhombic laminae or radio-crystalline groups qf peculiarly- 
shaped lenticular bodies. The sodium salt crystallises from water in small scales, 
from alcohol in silvery laminae. The zinc salt, (C"H*SO*)“Zn + 9IPO, is easily 
soluble and crystallises in stellate groups ^of needles or long rhombic prisms. The 
copper salt contains 6 mol. water. 

The chloride, CWSO^Cl, forms a radio-crystalline mass or prismatic crystals,' 
melting at 34°. The sulphinic acid, C"II*.SO‘‘*Il, formed by reduction of the chloride, 
is also a crystalline mass, melting a little above 50°. 

Potassium o-xylenesulphonato fused with sodium for^jat^ is converted into the 
potassium salt of xylic or xylylic acid, C“H“(CH®)*“.COOK (v. 1062); and by 
heating with potassium cyanide into the nitril of t^e same acid, C®IP(CH®)’*CN. 

iS-Metaxylenesnlplioiilo^acid [1 : 2 : 3], or prepared 

from the sulphamide melting at 95° -96°, has not been obtained in the crystalline 
state. Its barium and potassium salts are anhydrous, the former crystallising in 
stellate groups of microscopic needles, the latter in silky scales. The hydrated copper 
salt forms light-blue needles. The chloride is an oily liquid. The dimeihylbmzoic 
acid, C*H*(CH*)^.COOH, formed from this sulphonic acid, crystallises in short leedles 
melting at 97°-99°, and when distilled with excess of lime yields metaxylene. 

Bromo-metaxylenes u Iphonic Acids, - -When the barium salt of a-metaxylene- 
sulphonic acid is treated with an equivalent quantity of bromine, barium momhrom-a- 
m-xylenesulphonate is obtained in delicate scales containing 1 mol. water. The 
corresponding sodium salt, C*H*Br(CIP)*SO®Na -f is easily soluble and crystal- 
lises in warty groups of needles. The analogously con.stitute(l ammonium salt forms 
silky tufts. The sine salt [C*II‘Br(Cll*)’-BO®J% + 9H‘0, crystallises in long rhombic 
prisms ; the copmr salt in easily soluble greenish- white scales, containing 7^ nftl. 
■^ater. The chloride forms large limpid prisms melting at 61°, slightly soluole in 
alcohol, insoluble in water. The amide crystallises in thick rhombic prisms, melting 
at 194°, easily soluble in ether, .sparingly in cold water. 

When 7n-xylenesulphonic acid in concentrated aqueous solution is treated with 
bromine, sulphuric acid and tribromoxyleno are produced; the sodium salt 
treated in like manner yields the brominated acid, together prith dibromoxylene. 

Monobromoxylene (b. p. 206°-208°), treated with fuming sulphuric acid, forms 
monobrom- a- ?w- xylene sulphonic acid, C®H'''Br(CH*)‘‘SO®H + 2H*0, which 
crystallises in Alourless laminm or prisms, and yields derivatives identical with those 
above ^e.scribed. Tlfis brominated acid dissolves easily in water, sparingly in sul- 
phuric acid. Its constitution is represented by the formula [1:3:4; 6], or 
C«.CH».H.CIP.SO»H.II.Br (R. Weinberg, Ber. xi. 1062). 

Dibromo-mrxylenesulphoniG Acid, C®HBr*(CH*y‘'SO*H. — Jacobson a? Weinberg 
(Ber. xi. 1634) have obtained this acid by dissolving dibromo w-xyleno in fuming 
sulphuric acid at the temperature of 70°-80°. It forms small anhydrous scales, 
having a silky lustre, slightly soluble in cold water, melting at 166°. Its barium 
salt is anhydrous, slightly soluble in water, and is deposited in indistinctly crystalline 
mists. The sodium salt, C*HBr*(CII*)*.SO*Na+ 2H'‘*0, forms nacreous lamin®, 
slightly soluble in cold water. The chloride crystallises in colourless rhombic 
laminae melting at 107°; the amide in felted needles, insoluble in alcohol, melting 
at 220°, decomposing at 230°. ' 

The dibrominated acid when treated with sodium-amalgam* is inverted into 
/3-metaxylenesulphonic acid melting at 96°, and the amide dissolved in alcohol is 
converted by similar treatment, continued for a week, into a monobromo-«n-xylene- 
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sulphonic acid, which crystallises in long needles, often grouped in asbestiform masses, 
melting at 161®. a , 6 

hrom these results and those of Weinberg (p. 2148) the following constitutional 
formulae may be deduced for fcho compounds above described : 


CH» • 

C1I» 

OH“ 


/\sO»H 

Br/ YO*H 

Br/\sO»H 







• ^-MfttaxylcDO- Moiir i>rolll-^-m-xylone- Dibrom-/3-ra-xylone 

sulphouic jicid. snlphoiiic acid. sidplionio acid. 



a-Metaxylciie- Monobrom-a-m-xylene- 

sulphonic acid. ^ sulphonic acil. ^ 

Parazyleneaulplioiilc Acid, C»H®.SO»II + 2H''«0, forms a broadly laminar 
crystalline mass, or long flat prisms. From the product of the action tf sulphuric 
acid on crude .xylene, it crystallises before the ortho- and meta-acids, and may there- 
fore be utilised for the preparation of paraxylene. Its potassium salt crystallises in 
flat silky needles containing 1 mol. water. The sodium salt, C®H"SO“Na + H-0, 
crystallises in flat longiJrtlinally striated prisms of considerable size. The barium 
salt, (C®H®SO*)‘‘'Ba, forms either small shining crystalline scales or warty groups of 
thick crystals. 100 pts. water* dissolve 2*27 ptp. of this salf^ at 0°, and 5*63 pts. at 
l(mj. The copper salt crystallises in large light-1>luo ti^linic prisms with 8H*-0 ; 
the zinc salt in long slender efflorescent needles containing lOH-0. The chloride. 
crystallises in large flat prisms melting at 24°-26® ; the amide in long needles melt- 
ing at 147°-1 48®. The corresponding flc/c? dissolves readily in ether and 

alcolml, less readily in water, and crystallises in tufts of needles melting at 84®-88® 
(Jacobsen). 

Ortbezyleneaulpboiilc Acid, C*.OH®.OHMI.SO®H.lP, is the only sulphonic 
acid formed on dissolving orthoxyleue in sulphuric acid. It crystallises, more readily 
than either of its isomerides, in long rectangular tubles, or thick flat prisms ^vith roof- 
shaped summits. Its barium salt, (C®U®SO*)'Ba + whicli may be prepared by 
triturating the corresponding sulphiuate with barium peroxide, crystallises in Large 
nacreous laminae, of which 100 pts. water dissolve 5*8 pts. at 0® and 33*6 pts. at 
100®. The sodium sail, C®H“SO®Na + 5H'0, crystallises in flat prisms. The chloride, 
f)»H»SO“Cl, separates from ethereal solution in prismatic crystals, melting at 5l°-52® ; 

amide, 0"I][®SO^NH*, also in large prismatic crystals molting at 144®. 

Orthoxyhnesulphbiic Acid, C®.CH®.GH*.II.SO'*iI.H'", prepared by the action of zfiic- 
dust on the chloride (see Sulphinic Acids, p. 1851), crystallises in largo, thin, silky 
laminse melting at 83° (Jacobsen, Her, x. 1009). 

XTXiSlVO&S, C-IP(CH»)''OH, and ATXiEXrOMUZiPHOXrzC ACZBS, 

C®H®(CH*/(OII).SO*H! See Phenol, IIomolooues op (p. 1540). 

XYZilC or XTZiYUC ACID, C»H'oO® = OTl»(CO®lI)(CH»VCHf). This acid 
is most readily prepared by passing carbonyl cMoride into ijctaxyiene in presence of 
an excess of aluminium chloride, and occasionally heating the mixture^ to 100®, 
whereby xylic chloride is formed a- wording to the equation : ^ 

C«H«(CH®)® + COCl- =• HCl + C«H®(CIP)®.COCl, 

and decomposing this chloride with water (Ador Rilliot, Her, xii. 1968). Its po- 
tassium salt is formed by heating potassium w-xylenesulphonato, [1:3: 4] (p. 2148), 
with sodium formate (Picard, Her, xi. 2120). 

The acid prepared as above crystallises in large monoclinic prisms, melts at 126®, 
and boils at 267® (Ador a. EiUiot. Comp. v. 1062). 

Ammonium Xylate is very soluble in water, and may be obtained from the aqueous 
solution by spontaneous evaporation in small prismatoidal crystals, but decomposes 
when dried over tie water-bath. The barium salt, (C"H®0®)-Ba, crystallises from a 
very strong tiolulion in hard laminae, and begins to decompose at 160®. The calcium 
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salt crysttillises in transparent monoclinic prisms, which dissolve very slowly in 
water. The silver salt is but very slightly soluble in water even at the boiling heat, 
somewhat more soluble in boiling absolute alcohol, from which (and from hot water) 
it separates on cooling in tufts of microscopic needles. «i 

Xylic Chloride, C*H®(CH*)*.COCl, prepared as above described, or by treating Ihe 
acid with phosphorus pentaehloride, is a colourless liquid, which boils at 235^, and 
crystallises on cooling in needles melting at * 

Xylamide, C‘'H*(Cll*)“.CONIP, prepared by treating the chloride with ammonium 
carbonate, is almost insoluble in cold water, and sep<arates from the hot solution in 
needles (m. p. 181°), which are very soluble in alcohol. After sublimaf^ion it melts 
at 179°. This amide is a very stable body, not being decomposed by soda even on 
boiling ; it is, however, readily acted on % hydtochloric acid, with reproduction of 
xylic acid. It dissolves in acids, forming somewhat unstable salts. The anilide, 
obtained by adding the chloride gradually to aniline, consists of crystals (m. p. 138), 
which are but sparingly soluble even in hot water, more easily in alcohol. On 
boiling with hydrochloric acid, it is partially decomposed (Ador a. Rilliet). 

Xylonitril, C®H®(CH*)”CN, obtained by heating potassium xylate with potassium 
cyanide, melts at 125°-126° (Jacobsen, Jier, xi. 17). ^ 

An acid having the composition of xylic acid is formed (according to Picard, Ber, xi. 
2120), together with other products, by heating the barium salt of cantharic acid, an 
i.soTneride of cantharidin (p. 270), formed by. digesting tliat substance with hydriodic 
acid at 100° in a scaled tube. The acid thus produced melts at 140°, and is there- 
fore different both from x^lic and from paraxylic acid, the former of which melts at 
126°, the latter at 163° (vi. 1130). ^ 

lb 

Appendix to Xylic Acid, ^ • 

1 3 5 

Mesltjleiito Aoldf C*H*(C02H)(CH*)(CP*). The bromo-, nitro-, and 
amido-derivatives of this *.cid— the symmetrical modification of the acid 
have been examined by H. J. Schmitz {Liebig's Annale?i, cxciii. 160 ; Ber. xi. 1828)*’ 

Bromomesitylenic Acids, C®II®Br(CH®)’‘CO®K. Two of these, a and fi, are 
formed by direct bromination of mesitylenic acid, and are separated by the different 
solubilities of their barium salts. , 

The a-acid is formed, together with a smaller quantity of the /3-acid, by digesting 
mesitylenic acid with 1 mol. bromine for 36 hours at ordinary temperature ; also from 
the corresponding amido-acid, by converting this com|)Ound into the diazoperbromide, 
ami gently heating the latt er w’ith absolute alcohol. It dissolves with great difficulty 
in cold, but readily in hot water, and crystallises therefrom by slow cooling in slender 
needles an inch long. It dissolves easily in alcohol, especially when hot, and separates 
therefrom in large colourless orthorhombic crystals. a:b: 0*9274 : 1 : 0*4695. 

Observed faces, coP2, ooPoo, ooPoo, P. Anglo ooPoo : P = 65° 2P; oofoo, 
P = 67° 17'. It melts at 146°-147°, resolidifies at 131°, and if again hoateff 
melts at 137°-138°. The a-barium salt, (C®H»BrO*)2Ba+ 4H20, forms l&rge 
colourless monoclinic crystals, moderately soluble both in hot and in cold water. 
a :b:c 3*0683 : 1 : 0*8010; /3 = 63° 24'. The (C«H»BrO*)*Ca + 2H20, 

separates from hot aqueous solution in very small slender needles, easily soluble in 
water. 

fi~Bromo7nesi{ylenic Acid, identical with that which F^ttig and Storer obtained 
by oxidation of bromomositylene {Liebigs Anvalm, cxlvii. 1), is easily prepared from the 
corresponding amido-acid by the diazo-perbromide reaction. It is nearly insoluble in 
cold, very slightly soluble in hot water, from which it separates in compact monoclinic 
crystals ; a : 5 ; c = l*l£tl2 : 1 : 0*7599 ; /3 := 70° 35'. Observed forms, OP, ooP, Poo , 
CO P CO. single, 00 P : ooP = 96° 63' ; OP : oo P -- 77° 34' ; Poo : OP = 35° 41'. Cleavage 
parallel to P oo. The acid melts at 212°^214°. •The k-liarium salt, (C*li‘‘BrO®)®lia, 
crystallises from hot water in colourless, slender, anhydrous needles. 

xritromeBltyleiiic Aolds, C®H®(NO*)0*, 'The action of nitric acid on mesity- 
lenic acid gives rise to two nitro-derivativos, one of which gives a sparingly soluble 
barium salt crystallising in tables, the other an easily soluble barium salt crystallising 
in needles. 

a-Nitro mesitylenic Acid, C*H*(NO*)(CH*)®.COOII, is the acid obtained from 
the easily soluble barium salt, and is produced in larger quantity than the /3-acid. It 
crystallises from water in splendid needles, melting at 2^10°-212°, vej^ difficultly soluble 
in cold water. From alcohol or ether it separates *in large tricfinic prisms. The 
orharium salt, (C*H*NO^)*Ba + 4H®0, crystallises in tufts of slender needlA, which are 
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easily soluble in cold water, and dissolve in hot water in almost all proportions. The 
a-calcium salt is soluble in water in all proportions, and crystallises in long needles. 
The a-magne^um salt is also soluble in water in all proportions, and separates on 
evaporation in crystalling Austs. FJ,hyl a~nitrommtyUmte^ C®H**(N0*)0®.C’*il*, 
crjrftallises in largo tables, melting at 65®, insoluble in water, but easily soluble in 
alcohol. , 

fi’Nitromesiiylenio Acid, C^H^CNO^XCH*)®. CO*H, is obtained from the diffi- 
cultlywsoluble barium salt above referred to. It is insoluble in cold, and only very 
slightly soluble in hot water; easily soluble in hot alcohol, and separates on cooling 
in very large^compact monoclinic crystals. This acid exhibits very characteristic pro- 
perties ^n melting. Whtm precipitated from the barium salt it melts at 175°, but 
when crystallised from alcohol it molts at 214°-220°, and on cooling solidifies only at 
162°, after which it fuses at 168° on re-heating. If a trace of alcohol bo added to 
this fused acid, even when heated over 200°, it solidifies immediately, and begins 
to melt again only at 214°. The ^)ariuni salt, (C®H‘‘NO^)'*Ba h 4II-0, crystallises 
ill nionoclinic tables, spjiringly soluble in cold, more readily in hot water. The 
^alcium aaZ/, (C®II“N0‘‘)^Ca + 6H*0, is sparingly soluble in hot water, and crystal- 
lises in long prismatic needles belonging to the monoclinic system. 

EtJtyl fi~milromesityle7ULt<i, C®H®(N0‘'*)0*.C*JP, crystallises in long needles or thick 
prisms melting at 72°, insoluble in water, easily soluble in alcohol. 

Amidomesltylenlo Adds, C®H.*(NH*)0“. The a-acid, prepared from* the 
a-nitro-acid by reduction with tin and hydrochloric acid, crystallises from alcohol in 
long colourless needles melting at 186°-187°. The ^-acid, previously described by 
Fittig a. Bruckner (vi. 823), melts at 235 . 

1 2*4 

XTX.XDZC ACkD* C®n«0^-C«JP(CO*II)(CTI»)(CO*H). This bibasic acid is 
formed by oxidation of pleudocumero, [1:2:4] (p. 1284), with dilute 

nitric acid or a warm solutiop of potassium pei nianganato, or by the action of 
nitric acid on xylic or paraxylic acid (vi. 1130) : it ^ha.? the constitution above 

i^flheated (Jacobson, Ber, x. 855). 

co»ii co»n co“ii 
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By the further action of potassium permanganate it is converted into trimollitic 
acid, C®H*(C0*1I)*, which has therefore also the constitution 1 : 2 : 4 (G. Krinos, Ber, 
X. 1491). 

* Zinc Xylidate exhibits, more strikingly than any other known salt, the property 
of dissolving more abundantly in cold than in hot water, 100 pts. water at 0° dis- 
solving nearly 30 pts. of it, at 100° only 0*735, and at 130° almost exactly 0*5 •pt. 
The salt wliich separates at + 4° from a solution saturated at —4° is anhydrous. At 
a little below —5° the entire liquid solidifies (Jacobsen, Ber. x. 859). 

XYUDZirfiS, or AMZDOXTXiSirZSS, C»n"N=:: C®1P(C1P)^NH2. A. W. 
Hofmann {Ber. ix. 1292) has isolated, fi-um the crude oils of high boiling point 
(200°-240°) obtained in the manufacture of aniline, a xylidine which furms sparingly 
soluble salts ■with nitric and hydrochloric acids. This he calls provisionally 
a-xylidino, to distinguish it from an isomeride occurring together with it (jB-xylidine), 
which forms a sparingly soluble nitmte, but an easily soluble hydroehlorjde. The 
two isomerides were separated by iispeatedly crystallising from liot water tlio mixture 
of acetyl-compounds obtained by boiling them witli glacial acetic acid ; the a-compound, 
being tho less soluble, was thus obtained pure. 

a-Acetoxylidido forms large flat white needleij, which molt at 127°-128° and 
dissolve easily in alcohol. When boiled with strong hydrochloric acid, it is con- 
verted into xylidine hydrochloride. The base separated from this salt is an oil, 
colourless at first, but Kipidly turning dark : its boiling point is 212°, and its sp. gr. 
0*9184 at 25°. The platiTtochloride has the formula [C®JP(CH®)“HCl]‘^PtCl\ 

A xylidine having the same properties as the foregoing is obtained by tho action 
of methyl alcohol on toluidine hydrochloride at 300°, 

The following derivatives of o-xylidine have been prepared ; 

Biaylylhioc(Jh‘bamide, CS[NH.0®H®(CH*)'"]®, was obtained by digesting xylidine 
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with carbon bisulphide till hydrogen sulphide ceased to be evolved. It is insoluble 
in water, and but sparingly soluble in boiling alcohol, from which it is deposited in 
dazzling- white hard crystals melting at 152°-153®. ^ 

Xylyl thiocyanate is formed by distilling the precedingtcompound with phosphoj^io 
anhydride. It is solid at ordinary temperatures, but melts very easily. 

Dixylylguanidine, CNH[NH.C®1P(CH*)-J^ is readily formed by Ihe action lead 
oxide on xylylthiocarbainide in presence of alcoholic ammonia. It crystallises from 
hot alcohol in delicate white needles, which molt at 156° -158'’, apparently undefgoing 
decomposition. It is insoluble in water. ^ 

Niiracetoxylidide, C"H-(CH=*)"(N0-)NII(C2H*0), formed by the action of, strong 
nitric acid on acetoxylidide, crystallises from hot* water or alcohol in yellow needles 
melting at 172°-173°. 

Nitroxylidine, C‘*II®(GH®)’*(NO-)Nir-, is formed by boiling the last compound with 
strong hydrochloric acid till the liquid acquires a deep-red colour. It crystallises 
from hot water in fine orange-red needles melting at 69°, and dissolving sparingly in 
water, more freely in alcohol. It is but very slowly attacked by boiling soda-ley. 

Xylene-diamine (Dmmidoxylene)^ C*H-(CU®)“(NII“)“, is formed by tlfe action of 
tin and hydrochloric acid on nitroxylidine. It forms glittering laminse or delicate 
whije needles, whiq^ melt at 74°-75°. It is a faintly alkaline base, and forms 
crystallisable salts. * 

Wroblowsky (5er. x. 1248) has obtained from nitracetoi^lide melting at 180° 
(probably identical with that above mentioned), by decomposition with strong sul- 
phuric acid, a nitroxylidine molting at 76° ; from this a nitroxyleno crystallising from 
alcohol in large flat needles, meitirig at 67®, boiling at 250°, and yielding by reduction 
a new xylidine, which remains liquid at 20°, has a sp. gr^ of* 0’9935, and boils at 
2‘20°-221° (thermometer in the vapour). Tho hydrochloride of this xylidine 
crystallises in long colourless shining needles, thp nitrate in long white needles 
having a nacreous luftr^ Th(^. sulphate has the composition (C"n®.NH‘*)-H’-SO'. 
The acetyl derivative, C*IPN1I(C'II*0), crystallises in needles molting at 144°. ^ , 

Metaxylidines (a and i3) are formed by distilling o- and jS-mesitylenic acid 
(p. 2150) with quick-lime. The a-motaxylidino thus obtained is a colourless oil 
boiling at 212° (uncorr.) Its hydrochloride, C'*JP(NIP),UC1, is slightly soluble in 
cold, more freely in hot water, and separates therefrom generally in large prislhatic 
crystals (I.), but sometimes in tabular crystals (II.) According to measurements by 
Arzruni, the crystals I. belong to the monoelinie system, a \ h I c-0’9178 : 1 : 0*2873; 
i3 = 85° 46'. Observed faces, ooF, OP, oopoo. Anglo, ooP : ooiioo =47® 32'; OP : 
odPgo =74° 1'; OP : oorjT:76° 2'. The crystals are prismatically elongated in tho 
direction of the axis c. Tlio crystals II. are also monoclinic. al h \ c = 0*9807 \ 1 I 
0*9531; /3 = 83° 37*5'. Observed faces, OP, coP, Pco. Angle, ooP : ooP = 88° 31'; 
OP: ooP = 85° 26*5'; 0P:poo=43° 27*. Tabular in tho direction of c. The 
nitrate, C*'H*'(NH.“),NIIO*, forms prismatic crystals joined together so as to form 
large rhombic .tables ; it is sparingly soluble in cold, more freely in hot water. 
Aqet-o-motaxylidide, C^H".NH(C-H*0), crysbillises from alcohol in flat colourless 
needles melting at 127®. 

^Metaxylidine is a colourless oil boiling constantly at 216° (mercury-column 
wholly in the vapour). Tho hydrochloride, C"H’*(NI1*),HC1, is readily soluble in 
water, and crystallises from hot water on cooling in large thin tables; by slow 
evaporation in colourless crystals, which, according to Arzruni, belong to the mono- 
clinic system, a : 5 : c = 0*5579 : 1 : 0*6175 ; /3 = 78° 23'. Observed faces, OP 
(predominant), ^Joo, ooP, ooPoo. Anglo, ooP : ooP = 57® 16'; ooP : OP = 79° 39'; 
ooPco : Poo = 58° 50'. « Tho plane of the optic axes coincides with the plane of 
symmetry ; an axis is visible at the edge through OP (Schmitz, lAehig's Annalen, 
cxciii. 160). • 

a-Metaxylidine is, according to Schmitz, identical with Hofmann’s a-xylidine, 
also with the xylidine which Wroblewsky obtained from metaxylene. This base, 
according to Wroblewsky, is converted, by substitution of methyl for the amido- 
group, into pseudocumeno. Consequently a-metaxylidine must be represented by 
the formula CH® : CH* : NH®=1 : 3 : 4 or C*.C11*.H.CH*.NH®.H®, and i3-metaxy- 
lidino by CH> : NH* : CH® = 1 : 2 : 3 or C«.CU».NH®.CH».H». Corresponding for- 
mulae likewise hold good for all the or and /3-derivatives of mesitylenic acid above 
described (pp. 2150, 2151). 

Paraxylidine, obtained by nitration of y)-xyl4ne and reduction of the nitro- 
compound with iron-filings and acetic acid, is an oily liquid whidi bem>mes yellow 
after a while, is moderately soluble in hot water, and boils at 220°^221°. Its salts 
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^stallise well fitom acid solutions, but their neutral solutions decompose on 
boiling. ^ 


crystallises in colourless plates. The 
hydrochhnde, OH N, HOI + H*0, forms large glistening plates, having a faint pink 
colour. It is more soluble than the sulphate. At 125®-130® its water of crystallisa- 
tion il expelled, and the anhydrous salt sublimes. The nitrate, C“H"N,HNO», forms 
pink needle-shaped crystals. The oxalate forms thick prisms having a pink colour. 

splits up into water and oxalfaraxylidide, 
[0 H (CH 0 . This body is soluble in alcohol and in other, and sublimes 

without melting at 126°, forming blonder silky-white needles. 

^ Acetopara^lidide (m. p. 138°-139°) separates out as a crystalline mass on boil- 
acetic acid. It is converted into niiracetovaraxylidide, 
[CH (CH ) N0*.NH.C‘H®0, by the action of fuming nitric acid. This nitro-compound 
is a yellow crystalline powder melting at 192° (W. Schaumann, Ber. xi. 1537). 

A chloroxylidine of undetermined constitution is obtained, together with an 
oily xylidine, by reducing mononitroxylene with tin and hydrochloric acid. It is a 
solid body^which dissolves with extraordinary facility in ether, alcohol, and benzene, 
is nearly insoluble in cold water, but dissolves in hot water, and crystallises there- 
from in shining laminse melting at 92°-93°. It volatilises readily with aoueous 
vapour. • » • 

^ Chloroxylidine forms salts which crystallise well, but are stable only in strongly 
acid solutions. The ’iydrochloride crystallises with 2 mpl. water, is fusible, sublimes 
without decomposition, and crystallises in crossed needles an inch long. The sulykate 
is but sparingly soluble in water, the oxalate still less soluble. The acetate and 
nitrate form tabular crystals (Jannasch, Liehig'e Anmlcn, clxxvi. 66). 

Xylidinea with * Chloral, — A compound having the formula 
CCl*.CH[NH.C*H®(CH*)*p, analogous to those wbi«‘fi chloral forms with other amines 
(vii. 311), is obtained by the action of chloral on x^didine^ St forms slender needles, 
omiily soluble in other, less soluble in alcohol, and molting at 95°-99°. This melting 
point, which is low in comparison with those of the corresponding aniline and 
to] uidine-compounds, seems to show that the xylidine employed, which was prepared 
by separation as nitrate from aniline-tailings, was a mixture of several isomeric 
compounds (Wallach, Liehig^e Annalen, clxxiii. 274). 


XTXiOQUX^tfOn'E, formed by the oxidation of xylylcne-diamine or of 

xylidine, melts at 126°, and sublimes oven at ordinary temperatures in golden-yellow 
needles. It bears a strong resemblance to its lower hoinologues, and is perhaps iden- 
tical with the metapiilorono of Itommier a. Bouilhon (iv. 496). 

Xyloquinol, C**ir®0- = C®ir-(C11*)‘^(0H)* is prepared by treating the quinone 
with warm aqueous sulphurous acid, antUseparatos from a hot aqueous solution in 
silvery plates molting at 212°. It is converted by oxidation into the quiiionc, and by 
^ho^action of hydrochloric acid into monochlorxyloquiiiol (Niotzki, Ber. xiii. 473). 

nXiTZi XETOXrS, C'’H’‘'() = C»H9.C0.C'»H», is prepared by passing carbonyl 
chloride into xylene cooled to —15°, and gradually adding aluminium chloride. It 
remains liquid at —60° and boils at 340°. By saponification with potash it' yields 
dimethyl-benzoic acid, convertible by oxidation into methylbonzene-dicarboxylic and 
benzene-tricarboxylic acids. By prolonged boiling it is resolved into water and the 
hydrocarbon, (/Mop a. Killiet, Ber, xi. 399). 


Y 

TAM. Bioscorea edulis. The tubers of this ^ant yield a milky juice containing 
a small quantity of fat, a resin having a slight and not bitter taste, and caoutchouc. 
In the north of Italy they are used for making brandy, and as food for men and 
cattle. 

The tubers, somewhat shrivelled from loss of water, gave on analysis : 

, Moist Dried 

Water . f 60722 

Ashflfree^rom C, CO^ and SiO^ . . . 0*895 

Protein compounds 4*485 


2*278 

11*419 
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Moist 

Dried 

Extract with ether 

0-348 1 


„ alcohol and an alcoholic solu-) 

0-265 j 

1*561 

tion of carbon bisulphide . . . . ) 


Cane sugar 

4-790 

12*195 

Levulose 

0-180 

. 0-458 . 

Starch 

25-186 

64-121 

Pectin and other non-nitrogenous extractive } 
matters ( 

2-033 

6*176 * 

Fibre 

1-004 

€-785 

Sand ^ . 

0-033 

0-007, 


The pure ash gave : 

K"0 Na»0 CaO MgO Pe»0« SO* SiO* Cl 

47*49 10-64 13-35 3 43 0*70 9-99 3-55 0-86 12-46 « 102*46 

Deducting 0 cquiv. to Cl 2*81 

4 90-64 

(J. Moser, Landw. Versuch^Statmien, xx. 113). 

XBW. Taxus hfccata. The green needles of t his tree contain an alkaloid and 
other substances which have been exiimincd by Amato a. Capparelli {Gasz, ohim, 
ital. 1880, 340). The needles wore exhausted successively with ether, alcohol, water, 
and dilute sulphuric acid. The extract left on evaporation of the ethereal solution 
was mixed with dilute sulphuric acid (1 ; ^0), and distilled in a current of steam, 
when an essential oil passed ovei:, having an odour like that of wild fennel. The hot 
acid solution separated from the insoluble residue, deposited ^n Amorphous powder on 
standing, and the filtrate from this, when treated with excess of baryta and agitated 
with ether, yielded the alkaloid. A colourless non-nitrogenous crystiilline substance 
was extracted from th#ini\j>luble residue above mentioned by treating it with alcohol 
and small quantities of animal charcoal. 

The alkaloid is a colourless, ciystalline, nitrogenous substance, having a must;^ 
odour, sparingly soluble in water, easily in alcohol or ether. Denso white fumes 
are produced when a rod dipped in dilute hydrochloric acid is held near it. It gives a 
canary-yellow precipitate with phospho-raolybdic acid, and with tannin a whit(^pre- 
cipitate which becomes crystalline on standing. Picric acid gives a yellow procipitjito, 
and iodised potassium iodide reddish-brown crystals. 

The non-nitrogenous crystalline substance forms stellate groups of needles, melting 
at 86°-87®, easily soluble in boiling alcohol, but only sparingly soluble in cold 
alcohol. 

The solution obtained by treating the yew-needles with alcohol after they had 
been exhausted with ether was found to contain the s^imo substances as the ethereal 
solution. From the aqueous and acid extracts, oxalic acid and small quantities of the 
alkaloid were obtained. * 

.TTTRZVM. Atomic weight, 89-55 (yttria = YW). See p. 736. 

The probable existence of yttrium in the sun’s atmosphere has been pointed out 
by 0. A. Young {^Sill. Am, J. [31, iv. 356), and by Lockyor {Proc, Roy. 8oc. xxxii. 
270). 

An elaborate investigation of the spectra of yttrium, erbium, didymium, and 
lanthanum has been published by K. Thalin {Bull. Soc. Ckirn, [2], xxii. 360), one of 
the most important results of which is to show that the linos hitherto regarded as 
common to the spectra of these metals owe their oxi.stencc to impurities. 

On Yttrium Salts, i:;eo Euhium (p. 730). On the Ferrocyanide, see Cyanides 
(p. 6l2).^Tho chloroplatinatc has the comp)sition 2Y“Cl",5PtCP + 61IPO ; the chloro- 
stannate, Y®Cl®,2SnCD+ lOll'^O (Clcve, Bull. Soc.^Chim. [2], xxxi. 195). 

Metals allied to Yttuium. 

•< 

Brbium. At. w. 170*55. This element occurs as phosphate, together w-ith 
didymium, in the Cornish mineral called Rhahdopkane (p. 1756). Its probable exis- 
tence in the sun has been pointed out by Lockyer. On the spectrum of Erbium 
Nitrate and of Erbia, see Lecoq do Doisbaudrtin {Compt rend. Ixxxviii. 1167 ; Ixxxix. 
616 ; Chem. Soc. J. xxxvi. 862 ; xxxviii. 6). 

From recent researches by Clove it appears that the earth commonly called erbia 
is a mixture of three earths, vizi the true erbia, and two others which j^e designates 
as holmia and thulia (p. 2159). * 
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Terbium. Tr. At, w. 98 op 147 (Delafontaine); 99 or 148*6 (Marignac), 
cording as the oxide is regarded as TrO or as Tr*0*. 

The separate existence tof this metal, originally pointed out by Mosander, but 
(^lled in question by Eur>:en a. Eahr (v. 1064), and more recently by Cleve a. Hoeg- 
lund), has boon established by tlie experiments of Delafontaine {Ann. Ch. Phya. [5], 
xiv. ^8), and ol^Marignac 247). Marignac prepares terbia from those portioi'^j 
of the mixed oxides obtained from gadolinito by Bahr a. Bunsen’s process, which 
contain only traces of erbia. The oxides are dissolved in nitric acid, and subjected to 
a series of fractional precipitations with oxalic acid, tlio first portions of precipitate 
being the ricliest in terbia. By this treatment the whole of the yttria is separsitcd, 
and the terbia is obtained mixed or^y with didyiniuin oxide and erbia. The didymiiim 
is separated in the usual way by means of potissium sulphate ; but for the separation 
of terbia from erbia no method has yet been discovered. According to Delafontaine, 
terbia is most advantageously prepared from sainarskite, which contains but small 
quantities of yttria and erbia Tlie mixture of oxides obtained from this mineral is 
dissolved in nitric acid ; the solution is treated with potassiuni sulphate to precipitate 
the cerium metals ; and the syrupy solution of the remaining nitrates is mixed with a 
saturated isolution of sodium sulpliate, crystals of the same salt being added till no 
more is dissolved. A crystalline sulphate is thus obtained which, when treated with 
ammonium oxalate, yields an insoluble oxalate, leaving on innition a dark yellow 
oxide, whereas tlio oxide obtained in like manner from tlio more soluble sulpfllite is 
of a much lighter yellow colour. The dark yellow oxide containing the greater part 
of the terbium is difeolved in a large excess of strong nitric acid, and a hot concen- 
trated solution of oxalic acid is dropped* into tho liquid till a permanent precipitate 
is formed. After 24 hours tho liquid is decanted, aiyl subjected to fractional precipi- 
tation with oxalic aiid, and this treatment is repeated a third, fourth, and fifth time. 
Tho united precipitates* ;jro then calcined and rodissolved. in nitric acid, and this 
solution is likewise subjected to a series of fractional precipitations with oxalic acid. 

When the earths thus purified are dissjolved bv M.iiill quantities in dilute formic 
9 (^ 1 , and the clear solution is heated and slightly concoAtratod, a white pulverulent 
Von-crystallinc precipitate is obtained, yielding on ignition a base of deep orange- 
yellow colour, while tho solution from which it has separated yields another base of 
somewhat ligliter yellow colour ; and on repeatedly dissolving the first of these bases ia 
formic acid, and precipitating it therefrom by concentration till tho percentage of base 
in tfio salt amounts t<i 60, a product is obtained consisting of pure terbia. 

I'erbia, after ignition at a moderate heat, has a deep orange-yellow colour, but 
becomes quite colourless when heated in a stream of hydrogen, or after very strong 
ignition. It dissolves slowly but cx)mplotely in the most dilute acids; in hydrochloric 
acid with evolution of chlorine. Its solutions are colourless, and seem to possess no 
absorption-spectrum. TJio sul^hat(\ Tr-(SO')®+ 8H-0, forms colourless crystals,, iso- 
mo rphous with tlio sulphates of yttrium, erbium, and didymium (Marignac). 

Terhium Ftrrmatc separates from solution on the sides of tho vessels ns a non- 
^rysbilline, closely-adhering crust; it burns without tumefaction when ignited, dis- 
solves in about 30 parts of cold water, and appears to be not more soluble in hot 
water. The acetate crystsillises in small coloured transparent prisms, less soluble than 
didymium acetate. It cannot bo completely dried without decomposition, carbonises 
at a temperature below redness, and bums away slowly like stareh (Delafontsiine). 

The sparing solubility of terbium fornuitc, the colour of tho oxide, and its property 
of forming an insuliiblq double salt with soiliiim sulpliate, might lead to the conclusion 
that tho supposed earth is nothing but a mixture of tlie oxides of lanthanum and 
didymium. But the i’ormation of an oxalate in pres(mco of an excess of strong nitric 
acid excludes the possibility of the presence of lanthanum, and tlio*%pectroscopic cha- 
racter of the base in (juestion is altogt ilu*r dilForimt from tli,lt ol didymium,^ Lastly, 
the atomic weight of the metal, ami tho ciolourloss character and solubilKy of the 
formate, acetate, and sulphate of tJrliium, p-ecludo tho possibility of the identity of 

terbia and erbia. 

« 

Pbillpplum. At. w. between 90 and 95 for TpO, or 135 and^ 142*5 for Pp*0®. 
Tho oxide of this metal has likewise been obtained from samarskito, but not quite 
pure, as portions of yttria and erbia adhere to it obstinately. 

Philippium formate crystallises easily, either on cooling or by spontaneous evapo- 
ration, in small shining rhomboi’dal prisms, less soluble than yttrium formate, W'hich 
is deposited in nodular groups from a syrupy solution ; terbium formate is anhydrous 
and soluble in 30-35 part s of, water. Soclio-terbic sulphate is scarcely soluble in 
water ; the corres^mding philippium-compound is easily soluble. Philippium oxalate 
is more soluble nitric acid than terbium oxalate, but less soluble than the yttrium 
salt. Philippium nitrate becomes dark yellow when fused ; yttrium and terbium 
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nitrates remain colourless. Philippium salts are colourless when pure; the oxide is 
decolorised by heating in a current of hydrogen, or simply by a strong heat, becoming 
yellow again on cooling in the air. Concentrated 'solutions of philippium salts give 
in the indigo-blue (A. = 450 nearly) a broad and very dark 'absorption-band, with i^ 
edges, more especially the right, very well defined ; this band is not seen in yttrium, 
erbium, or terbium solutions. In the green there are two lines, bne belonging to 
erbium, the other and less refrangible probably to philippium ; finally, in the red there 
is at least one narrow band (Dolafontaine, Comft. rend, Ixxxvii. 559). i 

Phillipium appears also to occur in Sipylito (p. 1802), inasmuch as W. G. Brown 
{Chem. News, xxxviii. 269), in analysing that mineral, after separating*' the cerium 
metals from those of the yttrium- group, obtained«with the solution of the latter an 
absorption spectrum, which exhibited bands agreeing very nearly with those observed 
by Delafontaine as characteristic of philippium. 

Declplum. At, w, 106 for BpO, 159 for Dp^O’. This metal, also discovered by 
Dehifontaine {Compt, rend, Ixxxvii. 632) in the samarskito of North Carolina, is inter- 
mediate in character betw'een the metals of the cerium and yttrium groups. The oxide 
has not yet been sufficiently separated from that of didymium to exhibit its true 
colour. Its salts are colourless ; the acetate crystallises easily, is less soluble than 
the didymium salt, but more so than the terbium salt ; decipio-potassium sulphate is 
but sMghtly soluble if. a saturated solution of potassium sulphate, but easily soluble 
in pure water. 

Decipium nitrate gives in direct solar light an absorption- spectrum containing at 
least three bands in the blue and indigo. The most refrangible band is a little nar- 
rower than that of philippium or the band m of didymium ; it is tolerably dark ; its 
middle corresponds nearly with* the wave-length 416, and is approximately in the 
middle of the space between Fraunhofers lines G and Vut a little nearer to C. 
Neither didymium nor terbium gives bauds in this part of the spectrum ; the band 
characteristic of terbiuip is more to the right, and nearly out of the spectrum given by 
ordinary light. Under . exroptiom.1 circumstances two well-defined bands, probably 
H and H,, have been observed in the violet space beyond this band. 

The second decipium band is narrower, darker, and loss well-defined ; it is 
situated in the less refrangible blue, and its middle corresponds with the wave-length 
478 ; it is nearly in the same place as one of the didymium bands, but is much darker. 
Finally, more to the left, and nearer the limit of blue and green, there is an ill-defined 
minimum of transmission, which is possibly composed of two faint bands. 

Samartum. Lecoq do Boisbaudran rend. Ixxxviii. 322 ; Ixxxix. 212), 

in a spectroscopic examination of the unpurified earths from samarskito, observed an 
emission and an absorption spectrum, which showed lines and absorption-bands not 
belonging to any previously known element. The now element samarium, to which 
these lines belong, may b<i separated by repeated fractional precipitsition from didy- 
mium and decipium. It is characterised by tw'o blue bands, \ = 480 and 463‘5, and 
probably by two others, 417 and 400*75. • 

Two other earths, distinguished myttria a and 3, have been obtained by Marijfnac 
{Ahn. Chim, Phys. [5], xx. 535) from the mixture of those samarskito earths which, 
like erbia, ytterbia, &c., form nitrates not readily decomposed by heat. By taking 
advantage of the different solubilities of their double potassium sulphates in a saturated 
solution of* potassium sulphate, these earths were separated into the four following 
groups : ^ 

I. Double Sulphates, soluble in less than 100 ti7nes their volume of K*SO^ solution. 

Molecular weight of oxide not less than 119 for MO or 367 for M*0®. Yttria and 
terbia, with trace! of the oxides of decipium and didymium, and probably traces of the 
oxide of JTa found in Olbup II. The terbia, even after strong ignition, had a faint 
chamois tint, which disappeared on heating in a q;irrent of hydrogen, and reappeared 
when the oxide was again -heated in the presence of air.- These changes of colour 
were accompanied by very slight variations in weight. ^ 

II. Dovhte Sulphates, soluble j.n 100-200 vols. of K*SO^ solution, — This portion 
consisted mainly of the oxide of the metal provisionally distinguished as Ya. Molecular 
weight of oxide (Ya-'O*) about 361*5, being a maximum among those earths which 
mo.st nearly approach it in their bebiviour with potassium sulphate solution. This 
metal forms colourless salt-s. It is distinguished from all the metals of this class, 
except yttrium and ytterbium, by the very faint orange-yellow colour of its oxide, 
and by the fact that its salts show no absorption spectrum ; from yttrium by the 
sparing solubility of its formate, and of its double potassium sulphate ; from ytter- 
bium by the much greater stability of its nitrate, and by the eas|t wiAi which the 
ignited oxide dissolves in dilute acids. 
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III. Double SidphaieSj very slightly soluble in K*SO^ solution. Mol. weight fads from 
Z57 to 345 as the solubility decreases . — This group contains tho oxide of Ya, a small 
quantity of tho oxide of (Ji<iymium which cannot he completely separated, and the oxide 
l>f a metal which forms a nitrate readily decomposed by heat, but is included in this 
grouD because Jts double |)otassium sulphate is very sparingly soluble in 
solucion. The mol. w. of the oxide of YjS is probably somewhat lower than 346'8. 

forms small, short crystals similar to those of the sulphates of yttrium 
ana didymium, but of a sulphur-yellow colour ; they have the composition 
y/52(SO<)»»8H^O. * ^ ^ 


Sblutions of the salts of this louse give a well-defined absorption spectrum which 
closely resembles that ascribed by Delafontaine to decipium, or, still more closely, 
that described by Boisbaudran as peculiar to sjunarium. Wince these three Ixidies were 
obtained from samarskite by the same methods, it is probable that they are essentially 
one and the samcj substance. Tho mol. w. of the oxide of decipium is, however, 
according to Delafontaine, 390, whilst that of tho oxide of Y/3 is below 346*8. Further, 
the salts of decipium are colourless, those ofY/S have a yellow colour, the intensity of 
which indteasos tho further tho purification is carried. Probably cither tho substance 
obtained by Delafontaine was mixed with a considerable proportion of some other base 
having a high molecular weight, or that obtained by Marignac contained a base form- 
ing yellow salts, and having a much Ibwer molecular weight. * Further iuvesti|;ationa 
are necessary to decjle this point. 

IV. Double ^uhphates^ insoluble solution , — This group contained only 

didymium, which, however, could not be completely purified from traces of other 
metals. * 

The number of e?^r^hs obtained from tho samarskite of North Carolina now 
amounts to ten, viz. : — 



Colour 

Yttria . 

White 

Erbia .... 

Hose 

Terbia .... 

Orange 

Philippia 

Yellow 

Decipia .... 

White (?) 

Thoria .... 

AVhitc 

Didymia 

Brownish 

Samaria 


Ya . . . . 

Faint orange - ) 

yellow J 

\^ ... . 

— 


Characteristic 

absorption-band 


]ifol. weight 


YW« 227*1 
Er*‘'0»» 389*1 
TrW»342 
PpW«318 

Th(F=r;263 

DiW=338 


Ya50»--=361-5 


yi8W=346 


None 
\= 520-522 
A. - about 400 
A - about 449 
A — about 416 
None 
A- 372-377 
A==463 6and 480 

No abs. spectrum 

Abs. sp. like 
those of decipia 
and samarirf 


J. L. Smith has obtained from the Samarskite of North Carolina an earth which 
he regards as peculiar, and designates as Mosandria. According to Marignac and 
Delafontaine, liowevor, it is identical with terbia (Comyt. rend. Ixxxvii. 146, 281, 
600 ; Chem. Soc. J. xxxvi. 12, 13, 117). 

Ytterbium. At. w. 115 for YbO, 172*5 for Yb^O*. Matignac, in the course 
of his investigations on the gadolirito c;iTths already noticed (p. 2155), obtained a 
small quantity of erbia, whicli juibsequcnt experiments {Compt. rend. Ixxxvii. 578) 
showed to be a mixture of two aistinct oxides, viz. the true erbia and a new earth, 
which he calls ytterhia. This earth is colourless, and forms colourless salts ; the 
nitrate is decomposed by heat without coloration. 

Solutions of ytterbia give no ubsorption-banfls. cither in the ordinary spectrum 
or in the ultra-violet (Soret). The earth itself is less easily attacked by acids than 
the other earths of this family. It dis-solves slowly in tho cold, or at a gentle heat in 
slightly diluted acids; on boiling, it dl.^^solves easily even in acetic and formic acids. 
Ytterbium Sulphate resembles, aiul is probably isomorphous with, the sulphates of 
yttrium and erbium ; it dissolves ca.sily and without residue in sulphate of potassium, 
no precipitate losing formed tvcii on bcn’ling. A neutral and not too concentrated 
solution G|| ytterbium chloride is not precipitated by sodium thiosulphate ; a very con- 
centrated solution, containing erbium, gives a precipitate containing a larger propor- 
tion of erbium than is contained in the residual salts. Ytterbia precipitated by 
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potAsh, and submitted to a current of chlorine, dissolves completely in presence of 
excess of alkali. 

The formate C®H*YbO* or Yb*0®,3C-II‘"0® dissolves in loss than its own weight of 
water, and crystallises in small crystalline nodules, resembling the formates of yttriuiC 
and erbium ; it is decomposed with intumescence by heat, and loses ils water of^crys- 
tallisation at 100\ 

The existence of this now eiirth in erbia throws doubts on the exactness o^ the 
equivalent of the latter, as determined by llunseii and others, and would lead to the 
supposition that the molecular weight of erbia must be lower than that iisihally given. 

Nilson (Bcr. xii. ool) has also obtained ytterbia from gadolinito and from oiiji^nite, 
and finds it to be a colourless, infusible earth of sp. gr. 9‘175, insoluble in water, easijy 
soluble in hot dilute acids, but attacked with difficulty, even by strong acids, in the 
cold. Its solutions have a sweet, astringent tiiste, are colourless, and give no absorp- 
tion spectrum. The salts impart no colour to the Bunsen hamc, but with the electric 
spark the chloride gives a brilliant spectrum. The nitrate forms large crystals, which 
melt in their water of crystjillisatioii at lOO-", and decompose when heated w'ith evo- 
lution of nitric acid and nitrous fumes, and formation of insoluble basic niliij^tes. The 
siUphate, Ylr(SU ‘)*, 811*0. forms largo brilliant prisms which do not alter when exposed 
to the air, but lose their water at 100°. It dissolves slowly in boiling water, and is 
comph'tely soluble in «j, saturated solntiuii of« potassium sulphate. The anhydrous 
sulphate may be hiJatod to a high temperature without decomposition, but at a white 
heat it is completely converted into oxide. The normal selenite i» obbiined as a bulky 
amorphous precipitate by mixing solutions oftso^lium solenito and ytterbium sulphate. 
When treated with excess of selenious acid it yiedds an insoluble crystalline acid 
sdenitc, YI)-(SeO’)'*,ir-SeO*,4E*t5, which loses its w'ater at H10°. The oxalate, 
Yb*(C'-O’)*,10H*O, isfernied as a bulky precipitate of small fyitf needles by the addition 
of oxalic acid to a solution of an ytterbium salt; this precipitate soon contracts, and 
assumes the form of sh<jrt tliick prisms. It loses 7H»’0 at 100°, and is but slightly 
soluble in water and dilute a-iids. • 

That ytterbia is a sesquioxide is shown by the composition of the sulphate, anrfCv 
gous to and isomorphous with those of yttrium and didymium ; by the composition of 
the acid selenite, and by that of the oxalate; and formate, analogous respectively to 
the corresponding salts of didymium and yttrium ; and, lastly, by the molecular heats 
and volumes of the oxide and the anhydrous sulphate. * 

Nilson finds the atomic weight of ytterbium to be somewhat higher than that 
given by ISLirignac, viz. 116 instead of 115, or 171 instead of 172*5. 

Scandium. At, w. 4103 (Nilson), 44*91 (Cleve), the metal being regarded as 
trivalont. This metal occurs only in gacloliiiite (0*()02 to 0*003 per cent.) and yttro- 
titaiiite (0 005 per cent.) It was discovered by Nilson in 1879 (Compt. rend. Ixxviii. 
642 ; Ber. xii. 651), and further examined by Cleve {Compt, rend. Ixxxix. 419) and 
by Nilson {ibid. xci. 118 ; Ber, xiii. 1439). 

Scandia, Sc*0“, may be separated from ytterbia by taking advantage of the %t * 
that' the nitrate decomposes more easily by heat than tliat of ytterbium, and that 
scanllium sulphate proiluces in a saturated solution of potassium sulphate an insoluble 
double salt. This double s.alt ncverrholess contains a little ytterbium sulphate, which 
may be finally removed by converting the two earths into nitrates, and submitting 
the latter to partial decomposition by heat ; the ytterbium nitrate can then be washed 
out. • 

Scandia is a light, infusible, white powcler resembling magnesia. It dissolves 
easily in boiling nitric and hydrochloric acids, but .scarcely at all in the cold. It is 
not volatile, and gifes no coloration to flame, although a very brilliant spectrum may 
be obtained from the chloride by the electric spark (Nilson). 

The hydrate is a bulky white precipitate, drying^up to semi-transparent fragments. 
It does not absorb carbonic acid from the air, is insoluble in ammonia and in potash, 
and does not decompose, ammonium salts when heated with them (Cleve). , 

Scandium salts are colourless or white, and have an acid, astringent taste, very 
dififerent from the sweet taste of lh6 salts of the yttrium metals. The sulphate does 
not form distinct crystals ; the nitrate, oxalate, acetate, and formate, are crystallisable. 
The chloride exhibits the following reactions : It gives no spectnim when heated in a 
gas flame. Potash and ammonia produce bulky white precipitates, insoluble in excess ; 
tartaric acid prevents the precipitation by ammonia in the cold, but on heating an 
abundant precipitate falls. Srjdium carbonate gives a precipitate, soluble in excess. 
Sulphurett^ hydrogen produces no change; aminoniVim sulphide ipreci pittites the 
hydrate. Sodium orthophosphate gives a gelatinous precipitate. Oxalic#acid gives 
a curdy precipitate, quickly becoming crystalline; this precipitate dissolves in strong 
acids, and cannot be completely reprecipitated. Although apparently more soluble 
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than the oxalates of t^o othopyl tr'nim metals, it is found in the first precipitates in tho 
fractional precipitation of a mixture of scandium and ytterbium by oxalic acid. Acid 
potassium oxalate precijjimtcs a crystalline double salt. Sodium thiosulphate pro- 
Apitates a boiling solution easily, but incompletely. Sodium acetate boliarcs similarly. 
The |ulphates potassium and sodium precipitate crystalline double salts, soluble it^ 
a saturated solution of the precipitant (Clevo). 

The nitrate crystallises from a strong solution in small prisms ; when strongly 
ignited, it is converted into oxide, but on treating this with water, a very basic nitrate 
generally dissolves, forming an opnque milky solution, which never becomes clenr ; 
this resiction is very eharncteristie of scandium. The sulphate, Sc=(.SO ‘)H 6H*0, 
may Be prepared as before mentioned ; it is unalterable in the air, but loses 4 mols. 
of water at 100°, and the anhydrous salt is produced on gentle ignition ; when 
strongly heated, it loses sulphuric acid and forms scandia. The dottble sulphate, 
K'^SO ‘,8c*(SO l)“ -r .rJ r-'O, forms characteristic groups of small prisms. It is very slightly 
soluble in water, and quite insoluble in a saturated solution of potassium sulphate. 
The sdfuitc anil oxalnin may bo prepared by precipitation with the con*esponding 
sodium salts ; both are insoluble, ^i'ho spectrum of scandium, as obtained b}" passing 
a powerful induction spark between aluminium poles moistened with a solution of the 
chloride, is very complicated, and contains more than a hundred lines. All the lines, 
which are A’^ory characterist ic, are tine„witli tho exception of sr.mc in the yellow and 
orange, and seven strong lines in tho bliie-violot. Aline at 4374 is slightly more 
refrangible Ilian a p^miueiit yttrium line, with whieh it might bo confounded. Some 
very faint bands, situated at dOOO-57^0, are proliably duo to the oxide, as are 
possibly also the broad lines in the blue-violet at 6103-6016 (Thaleii, Compt. rend, 
xci. 45). „ 

Scandium agrees AUiiy closely in its atomic weight, and in tho properties of its 
oxide and salts, with the element vlioso existence was predicted by Mendeleioff 
(Lkhig^ s Amialcn, Supplementliivd^Vm. 133)undc'' ib > name of Kknhor,e.^. in forming 
a white oxide, infusible, soluble with ditiiculty in Judds’ after ignition, insoluble 

^^Ikalis; also in forming colourless salts, and a suipliate which unites with pobis- 
sium sulphate, yielding a double salt analogous in composition to common alum. 

Thulium and Bolmium (?). Clove {Compt. rend. Ixxxix. 478), in attempting 
to nroparo pure erbia, has been led to the discovery of two other earths which he 
designates as thulia and holmia. On fractionating the mixture, and subjecting the 
several fractions to spectroscopioal examination, it was found that, in addition to bands 
common to all tho fractions, one band, A=6840, was strong in tho residues rich in 
yttorbia, and wanting in those containing yttria and erbia, whilst two others, \ « 6400 
and 6360, were strong in the yttria and yttorbia residues. The colour of the fraction 
treatei} for yttorbia was a violet-rose, whilst the yttria fraction had an orange tint. 

The metal characterised by the first hand, A — 6840, Clove proposes to name 
thidium\ it would haA’o an atomic weight of about 169‘5 (the oxide being Tm®0*). 
•Its oxide has a clear rose-colour. The other metal, hohiium, is characterised by the 
bauds A =6400 and 6360; it should have an atomic weight less than 162 ; its oxide 
seems to he yellow. • 

J. L. Sorot {Compt. rend. Ixxxix. 521) is of opinion that Cleve’s holmium is 
identical with philippium, inasmuch as the bands A = 6400 and 6360, which are said 
to be characteristic of it, are likewise found in the spectrum of philippium. Soret 
also claims to have observed Clevo’s thulium (A = 6840) in the portions of tho gado- 
linite earths rich in ytterbium. 


z 

ZSOUTBS (v. 1066). Tho zeolites occurring in the basalt of the Limperich- 
kopf, ndar Ashacli, liaA^e been described byK. VVeiss (Jahrh, f. Min. 1873, 1319). 
Among those occurring together in a caAuty, phillipsite ^^thore of remarkable size) is 
the oldest, next follows natrolito, and lastly apophyllito. 

Daubrde {Compt. rend. Ixxx. 606) describes the recently formed zeolites from the 
spring of Bourhonne-los-lkins, J)ep. Haute-Marne. Cryshils of chabasito occur in small 
cavities in fragments of bricks, while those Avhich are found imbedded in tho mortar 
consist of lime-harmotone. C. Doelter {Jahrh. f. Mm. 1875, 176) describes chabasite 
from the clefts in the monzonite of the Mai Iiiverno and of the Palle Kabbiosi, Monte 
Monznni, r^iards that of the latter locality as a secondary formation from 
anorthite. * 

See further Gismoitdin (p. 861): Hkulanditb (p. 1030) ; Phillipsitk (p. 1568). 
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ZBORA. Tho ethereal extracts of Zeora sordida^ remaining after the usnic acid 
has cmtallised out, contain two neutral ciystallisahle substances, zoorin and 
sordid in, which have been examined by Paterno (Ai^ della Reale Accadetnia dei 
Lined [2], iii. [1876]; Ber. viii. 1359; x. 1382; Gazs. cnim, ital. 1877, 281, 6.08^. 
The separation and puridcation of these bodicis is difficult, on accoy,nt of the small 
proportion per cent.) in which they occur in the lichen. The ethereal solutffin is 
evaporated down ; the brown viscid residue is treated with cold alcohol, which re- 
moves a resinous substance ; and the residue then left is boiled with a quantify of 
alcohol less than sufficient to dissolve the whole, so that nearly all th% usnic acid 
present may remain uudissolved. The alcoholic solution on cooling deposits the 
zeorin mixed with a small quantity of usnic acid,* whilst the sordidin remainS dis- 
solved, and may bo obtained by further concentration. 

Zeorin, C'*H“0, after purification by treatment with chloroform or boiling with 
potashdey, which dissolves only the usnic acid, and crystallisation fron> ether-alcohol, 
forms very small but perfectly distinct pyramids with hexagonal base, colourlo.ss and 
transparent, and having a vitreous lustre. It melts at 230^-231°, and volatilises 
without decomposition. It is but very slightly soluble in alcohol, ether, or chloro- 
form, and quite, insoluble in w*ater. It is a neutral body, not attacked ny alkalis. 
Nitric aicid dissolves it, with omission of red fumes, and formation of a yellow sub- 
stance* insoluble in aldihol. It is but slightly .attacked by dilute sulphuric acid. In 
composition and properties it is nearly allied to betuliii. 

Sordidin, C**H‘®0*,* after repeated crystallisation from alcihol, forms colourless 
laminae or needles which melt at 210^, and volatilise without decomposition. It is 
insoluble in water, but dissolves^ readily in alcohol and benzene, sparingly in ether 
and in chloroform. Ily heating with aqueous potash, it is converted into a crystal- 
line compound, which decomposes without fusion when heatnd above 250°. Zeorin is 
not decomposed by potash. 

ZBRBCBTXTE, s(o T^cnux^No (p. 2062). 

ZZBC. Atomic weight, 65. Occurrence in Plants and Animals^ — LechartietflS^ 
Bellamy rend, lixxiv. 687) have found zinc in tho human liver, in ealfs liver, 

in beef, ]^ultry-oggs, wheat, barley, maize, beans, and vetches. 

Metallurgy. — On the roasting of zinc-ores, and the causes of the loss of zinc in 
the process, see Hasonclever iJDingl. yol, J. exeix. 284 ; eexvi. 166 ; Jahresh.f. Chem. 
1871, 980 ; 1875, 1014). A blast-furnace for the smelting of zinc-ores is described by 
F. L. Clerc {Lingl. pol. J. ccxxiv. 179 ; Jahresb. 1877, 1117). 

Reactions, — Zinc immersed in an alcoholic solution oi phosphonts, or in aqueous 
solutions of hydrogen phosphide, hydrogen sulphite, or irmi salts, precipitates small 
quantities of phosphorus, sulphur, or iron on its surface, and retains them with 
great obstinacy. Zinc which has been kept in solutions containing phosphorus does 
not give up anything to water, alcohol, or ether, but carbon sulphide and chloroform 
dissolve phosphorus from it. It does not diminish in weight when heated at 140° in* 
a stream of carbon dioxide, but it &u.sbtins some loss when agitated at ordinary ton- 
peratures with water and air. Zinc thus coated eliminates more hydrogen from, dilute 
acids, &c. than unaltered zinc under conditions otherwise similar. Zinc may also be 
altered in like manner by solutions of hypophosphorous acid. The alteration appears 
to be due to surface attraction, not to chemical combination. 

On the action of Zinc at high temperatures on mixtures of Hydrocarbons and Organic 
chlorides, see vii. 183, and p. 1063 of this volume. 

Estimation. — C. Fahlberg {ZeUschr. anal. Chem. 1874, 379) describes a volu- 
metric method of ^kimating zinc, depending upon the fact that this metal is completely 
precipitated from its solution in hydrochloric sieid by potassium ferrocyanide, and that 
an 03^88 of the normal solution is readily indicated by a solution of uranium. The 
accunl|y of the mothod is not affected by the presence of manganese or aluminium, in- 
asmuch as manganese ferrocyanide is soluble in potassium ferrocyanide, and abiniinium 
solutions are not decomposed by that salt. Ilie presence of nickel or cobalt is, however, 
injurious, since both these metals Vorm insoluble fcrrocyanides ; but tho quantity of 
them contained in zinc-ores is for the most part too small to have any sensible effect 
on the estimation. The ferrocyanide solution is made of such a strength that 1 c.c. 
of it will precipitate 0*01 g. zinc. It is titrated by means of pure zinc dissolved in 
hjrdrochloric acid, with addition of five times its weight of ammonium chloride. The 
sine ferrocyanide readily falls out in thin fiakes, and is free from alkaline ferrocyanide. 

* V 

* Patem6 originally assigned to sordidin the formula but subacqueA experiments 

showed that the substance <m. p. 180°) whose analysis led to this formula was contaminated with 
leorlli. 
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Tlie end of the reaction is determined by the brown colour produced on addition of 
a drop of uranium nitrate. § 

Ores containing galena er copper pyrites, besides blende, are treated with nitro- 
hyarochloric acid, and the solution, after boiling with a little more hydrochloric acid, i|( 
saturatfd with Bulj^huretted hydrogen. The precipitated heavy metallic sulphides are 
filtered off ; the iron in the solution is peroxidised with nitric acid ; and the solution 
is alloyred to cool before adding excess of ammonia. The iron is separated as ferric 
hydrate, and the solution now contains nearly the whole of the zinc. The precipita- 
tion is repeatdB till no more zinc is retained by the iron. The several ammoniacal 
solutiown are neutralised with hydrochloric acid, 10 to 15 c.c. of acid of sp. gr. 11 2 
being superadded, and the zinc is titrated with potassium ferrocyanido, regardless of 
the presence of manganese. 

A similar method is described by F. W. Lyto {Chem. News, xxxi. 222 ; 
xxxvi. 89). 

Zinc may also be estimated as oxalaie in tho same manner as miinganese (Classen, 
p. 1264). The same reaction serves also to separate zinc from iron, which, in the 
state of ferric salt, is not precipitated by oxalic acid (p. 1104). 


Compoumln nf Zinc. * * 

On Allays of Zinc and Copper ^ sec Covpbr (p. 566). 

On the action of the ‘ Copper-sine Coupie' on variom substances, see p. 1071. 

Ozldei ZnO. Bru^olmann (Amt. Chent. [2]* Ixxxvii. 1082) prepares this 
oxide ill the crystalline staSe by licating zinc nitrate. It forms white or faintly yellowish, 
shining, hemimorphous pyramids belonging to the hexagonal system, and has a density 
of 5'782 at 216°. It is much less ejisily attacked bv solvents ithaii tho amorphous 
oxide. * 

-The proportion of metallic zinc in the mixture of metal and oxide 
known by this name (vi. 1134) may be estiraateil by converting the hydrogen evolved 
l)y it into water by means of cupric oxide, and weighing tho water (Frosenius, 
Zeitscl^, Anal. Chem, 1878, 460). 

A cask of zinc-dust partly wet, which was being convoyed in a steamer, became 
red-hot and gave rise to a conflagration {Dingl. pol. J. ccxxiv. 344). 

Zinc Ferrite, ZnO,Fo'‘*0*, is formed by precipitating a solution of ferrous chloride 
and zinc chloride with potash, and agitating the mixture with air till all tho ferroiw 
oxide is oxidised to ferric oxide ; the precipitate dried and ignited exhibits magnetic 
properties. 

Zino PhoapHates and Arsenates (Domel, 7/tT. xii. 1171, 1279). Prbmry Zinc 
plmsphate, ZuH^PO^)'^ + 2H-0, is obtained, by dissolving zinc oxide in phosphoric 
acid, And concentrating the solution, in large transparent triclinic crystals, which are 
not altered hy alcohol or ether, but are decomposed by water, phosphoric acid passing 
into solution, and a white crystalline pow’der separating which has the composition 
10ZnO,4P*O*,10H2O, and is probably a mixture of several phosphates. 

A solution of zinc oxide in arsenic acid evaporated to a syrupy consistoiiciMde- 
posits after some time a crystalline crust comjKised of small plates, while tho motner- 
liquor, on farther concentration, yields an abundant crop of small white needles. Both 
these products, after washing with ether, consist ot secondary sine arsenate, 
ZnEAsO^ + H’-'O. This salt is decomposed by water, either hot or told, giving up 
arsenic acid, and being converted intt> a crystalline salt having the. com^sition 
5Zn0,2A8*0»,5lP0, previously obtained by H. Salkowski (vi. 226). On adding^n 
alkali to a solution of either of these Salts in hydrochloric acid, a white liiilky pB- 
cipitate is formed, consisting of normal or tertiary shoj arsmate, /n‘*(AsO^^)® + 3H*0, 
which Salkdwski obtained by precipitating a solution of zinc sulphate with sodium 
arsenate. * 

Zinc-methyl, Zn(CIl=*)“. This compound, treated with tetrethylic silicate, yields 
i-thylic orthosilicoacotate together with ziuc-methyl-ethoxyl or zinc methylethylate 
(p. 1793): 

Zn(CIPy-«+Si(OC'-H*)* - Si(CIl*)(OC"'H^)»+Zn(CH»)(OC2H‘‘). 

With acetyl chhrUe at low temperatures it forms acetone (Pawlow, N. Vetersb. 
Acad. Boll. xxiH 49'5), 

Zii(ClP)= + 2,CIP.C0.01) = ZiiCl« + 2CO(CTP)'-'. 

6Z . 
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With bromacety^l bromide it yields mebhvl-isopropyl carbonol, see Fbnttl Aujohols 
( p. 1502). 

Zinc-ethyl similarly treated appears to yield an octyl alcohol. c 

Zinc-ethyl treated with aciS yields cthylsulphurous^or othylsulpliinic 

acid, C*H' SO*II (Zuckschwcrdt, Ber^ vii. 292). • 

ZZmrWAXiBXTS. A variety of lithia mica from Zinnwald in Bohemia (sec 
Mica, p. 1320). ^ 

ZX&COXr. A. £. Tdruebohm {Jahrh, /. 1877i 97) finds that zircon occurs 

as a widely dififused accessory constituent of Swedish felsito-porphyry, curite, helle- 
fiinta, gneiss, and especially in Swedish granites, and has also been found in the 
granites of Switzerland, Saxony, Tyrol, and North America. 

G. A. Kdiiig {ibid, 203, 944) has analysed zircons: (1). Occurring, together with 
needles of columbito, in the amazon-stone of Piko’s Peak, Colorado, in crystals 6 mm. 
long, e:shibiting the combination P. ooFoo. (2). Crystiils of the combination 
P . 0? . 00 P, imbedded in quartz or astrophyllito in El Paso county, Coloiado : 

SiO“. Zr()“ Fe^O^ MfjO n“0 Sp. pr. 

• 1. 28-00 ioO-OO — 8-93* 3*47 = 100-40 4 065 

2.29-70 60-98 9-20 0*30 - = 100 18 4-538 at 12® 

« 

The analysis of the latter leads to the fomvila Ee’‘*Zr'®Si’®0^*. 

F. Zirkel {Jahrbuchf, Min, 1876, 201) has detected zircon as a microscopic con- 
stituent in thogranulites and rfiica-slatos of Saxony, the gneissejj and crystalline slates 
of North America, and the eclogites of the Fichtelgebirge.^ In these latter Sandberger 
found macroscopic zircon. 

ZXKCOXrZUM. * Atemic Weight, 90. Several compounds of this metal have 
been prepared and examined by S. R. Paykull {Ber, vi. 1467 ; xii. 1719), vitsTjfho 
tetrachloride, the chloride of zirconium and sodium, ZrCF,2NaCl, obtainable only in 

the dtyyirs.y,s:iroodmmmonium chloride, ^^l*»4NIF=CFZr<^^g2|NH<)S* 

to platino-diammoniuni chloride (vii. 998), the hydrated oxifchloridcs, ZrOCl^8BPO, 
and 2Zr0Cl*,13H*0, the latter, which is amorphous, being formed on dropping a 
solution of the chloride into hydrochloric acid ; the hydroxide, ZrO(OH)®, which in 
the moist state appears to absorb carbonic acid from the air ; the normal sulphate, 
Zr(S0^)^,4H20, and several crystallisable basic sulphates formed by combination of the 
normal salt with the hydroxide, e.g., 3ZrO-,4SO* + ISH'-^O, and SZrO®, 7SO»+ 19H-0, 
down to the formation of the hibasic sulphate, ZrO'',SO*, or ZrO-',Zr(SO^)= + a:H-0, 
which dries up to a gum. With potassium sulphate, several basic double salts 
have been obtained, e.g., K'‘'SO*,2[ZrO'%Zr(SO*)*] + 1411*0. The precipitate forimd 
on boiling a solution of the mixed salts is also, ns found by Berzelius, a Jjignly 
l^asic double salt. The arsenate, 2(2Zr0*,As'“0*) -h 511*0, and a ’phosphate, 
5Zr0*,4F'’0* + 12H*0, have also been obtained. The normal oxalate could not bo 
prepared, but a double oxalate, ZrC*0\2K*C*0^ + 3H*() or 4H*0, has been obtained. 

Soluble basic zirconium-compounds have also been prepared by Endcmann {J. pr. 
Chem. [2], xi. 219). An alcoholic solution of zirconium oxydicliloride prepared with 
the aid of heat yields, on addition of other, an apparently crystalline precipitate, which, 

ClZr—Ov 

after washing with anhydrous ether, has the composition Zr’O’Cl* or || \0. 

. , ClZr— 

It disqplves readily in water, and remains on evaporation at a gentle heat in the form 
of j^n amorphous powder. It is soluble also in cold alcohol, but is decomposed by warm 
al^hol. On adding other to a solution of this compound prepared in the cold, a 
gummy precipitate is obtained, having the appearance of aluminium hydrate dried at 
a low temperature, aind likewise soluble in water. It contains only 7HC1 to 8ZrO*. 
Endemann regards those compo^lllds as ainalogous to the hydrochloride of metastannic 
oxide, SnCF + 3SnO* = 2(Sn0Cl)*0, and to the compound 8HCl,9SiiO*. An aqueous 
solution of Tiormal zircotiium sulphate, gave on addition of alcohol, a precipitate which 
contained only 6SO* to 7ZrO*, and was soluble in water. The basic sidphate dissolves 
in a small quantity of water, but is instantly decomposed, on addition of a larger 
quantity of cold water, into a more basic salt which separates out and an acid salt 
which remains in solution. The salt precipitated *by alcohol alprays retains alcohol, 
perhaps in the place of water of crystallisation. Zirconium oxyddchloride, when 
repeatedly dissolved in water, and ovaporatwl at a low temperatifS-#', continually gives 
off hydrochloric acid and becomes uncrystallisable. 
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Alkaline tartrates give -with zirconium salts a white precipitate of zirconium 
tartrate having the composition 

. * CHOH— coo. 

• C‘n‘ZrO' = I >ZrO. < 

, • CHOH— coo/ 


The solubility of this salt in caustic alkalis and, alkaline tartrates indicates the exis- 
tence of easily soluble double zirconium tartrates ; and such salts are in fact obtained 
in crystalline ^orm by heating the acid tartrates of potassium and sodium with 
zirconia. Their composition has, however, not yet been determined, as they are very 
much dift) 08 ed to split up into salts Of various composition (R. Hornberger, Liebig^ s 
Annaten^ clxxxi. 232). 

Cyaiwgen-compounds . — A solution of zirconium sulphate mixed with barium 
thiocyanate forms at first a colourless solution of normal zirconium thiocyanate^ 
Zr(CNS)‘' ; but this solution quickly decomposes, depositing a yellow body (probably 
pseudothiocyanogon), while the compound Zr(CN8)- remains in solution. 

Potassiun^ferrocyanide produces in zirconium solutions a j el lo wish-white precipi- 
tate, which soon turns greenish-blue, and forms when dry a powder having a 6ne blue 
colour with a greenish tinge, insoluble in water aud decomposed by acids with 
evolution of hydrogen cyanide. Its composition is represent^ by the formula 
(Fe'0’^*(CN)**(Zr'0*, analogous to that of Turnbull’s blue, (Fe-)^(CN)>*(Fe")* (Horn- 
berger). • 

ZttBXJETKZm* A hydrated magnesium silicate occurring at Zoblitz, at 
Kfindler near Limbach (A), and as a coating on chrome iron ore in the serpentine 
of Hrubschita, Moravia»(B'j^ also at Lettowich in Moravia : 

S!0* A1“0* Peb *^1 -O H»0 Sp. gr. 

42-44 4-67 0*91 38 49 13*43 -- 99*99 2*49 at 20° 

42*67 9 12 1-82 * 32*90 13*19 ♦= 


^ Rt^rdKng the alumina as replacing part of the silica, these analyses load to the 
proportions : 

SK)» : Wg ; IPO 

A == 1 : 13 : 1 

• B = 1 : M5 : 1 


(A. Fronzel, Jakrb, t\ Min, 1875, 680). 

XOISXTB. This mineral, originally found on the 8au Alp and at Sterzing in 
Tyrol, at Fusch in Salzburg, and at Baireuth and Conradsreuth in -Bavaria 
(v. 1085), occurs also in the island of Syra, in the corundum region of North Carolina, 
and in Delaware County, Pennsylvania. 

Analyses, 1. From the glaucophane-bearing rocks of Syra (Liidecke, Zdtschr, 
Gc^. Ges, xxviii. 258, 262), 2. Dark rose-red to faintly reddish zoisite, occurring, 
together with green zeolites and green and yellow grossular, in friable grey quartz 
which forms a vein in the mica-slate gneiss of Leiperville, on the Crum Creek, Dela-- 
ware Coun^, Pennsylvania. Sp. gr. =3*642 (G-. A. Konig, Zeitsekr. Kryst. ii. 302). 
3. From the Cullakeneo Mine, Clay County, North Carolina ; greenish- white, fornieil 
from roBC-red corundum. Sp. gr. 3*286 (Konig). 4, Greyish-white, formed from 
blue-grey corundum, which is still present in the nucleus; identical with the 
uuionite of Smith a. Bruslif Sp. gr. 3*224. 


1. 

SiO“ 

42*85 

APO* 

32*60 

tvo* 

trace 

FeO 

MnO 

CaO 

21*37 

Alpi) 

0*21 

K“(> Na"0 

IPO 

.‘k65 

= 99*68 

2. 

40*70 

33*30 

2*40 

0*70 

0*43 

19*70 

0*15 

— •— 

2*40 

= 99*78 

3. 

4070 

33*86 

0*81 



s 

24*05 

0*22 

not det. 

0*63 

= 100*27 

4. 

39*86 

33 84 

1*62 

— 


23*82 

0*18 

0*09 0*22 

0*78 

= 100*41 


J. L. Smkh (Comj>t, rend. Ixxvii. 440) has published under the namo of ‘zoisite,* 
the analyses of two varieties, (A) light-greon, (B) blaak, of ii mineral which accom- 
panies the corundum of North Carolina. 


APO» 


Cr*0’ 

(’ttO 

MpO 

T^a*0 

H>0 

24*01 

456 

0*52 

13*44 

8*03 

291 

0*60 

13*34 

11*46 

— 

12*20 

12*53 

3*39 

0*66 


The proportion of silica is, however, rather large ft)r an epidote or zoisite. 'i’he 
light-coloured vurietyfhas been described by Genili {Jahrcsh.J, Cheni, 1873, 1152) as 
smaragdite. ^ 
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AXTTHRAllUFnr, « C«H»(01l).C*‘0^C«II»(0H). (Schunck a. Roemer 

Ber. xi. 1176 ; Liebermann a. Rock, ibid. 1613). A dihydroxyaiithraquinono formed 
in small quantity (2 p. c.) by the action of strong sulphuric acid on motuhydroxyben- 
zoic acid. It may bo separated from anthraflavio acid and metabeiizdihydroxyanthi'a* 
quinono formed at tho same time, by means of baryta-water, which dissolves those 
compounds, and purified by recry stiillisation from glacial acetic acid. 

* Anthrarufin sifblimes readily at 120^130°, and molts at 280°. It is nearly 
insoluble in water, and dissolves but sparingly in alcohol, forming a yellow solution 
from which it crystallises in yellow quadratic tables, exhibiting considerable iride- 
scence. It dissolves sparingly also in glajial acetic acid, and crystallises therefrom in 
regular yellow saw-shaped crystals. The solution exhibits a faint green fluorescence. 
Anthrarufln dissolves to a considerable amount in benzene, icss freely in ether and 
carbon sulphide. From chloroform it crystallises in prifnls. These solutions produce 
no absorption- bands, but only a darkening of tho spectrum. 

A concentrated silution of anthrarufin in strong sulphuric acid exhibits a cherry- 
rtxl colour by transmitted light and a strong scarlet fluorescence by reflected Ji|^ht. < 
These colour reactions are extremely delicate. One part of anthrarufin in 1,000^^0 
pts. sulphuric acid, shows an evident carmine-red colour in strata 1 inch thick, while 
absorption- bands may be observed in solutions that appe^ir colourless. Small quan- 
tities of nitric or nitrous acid change the carmine-red into a deep yellow w^ich no 
longer exhibits any absorption-bands. 

Anthrarufin dissolves in potash-solution with greenish-yellow colour ; the addi- 
tion of hydrochloric acid produces an orange-coloured precipitate, which when boiled 
with zinc-dust changes to a green fluorescent liquid. It is almost insoluble in sodium 
carbonate and in ammonia. Alcoholic lead acetate gives no precipitiite in solutions of 
anthrarufin, but alcoholic copper acetate gives a brownish-red precipitate. Anthr.i- 
rufin is not attacked by bleaching -powder, and does not produce lakes with alumina 
or oxide of iron. It yields a nitro-derivativo. 

Anthrarufin boiled with poUish-solution gives, at a certain degree of concentrat*)n 
of the liquid, a brownish potassium. {*iilt crystallising in needles ; and on ftirther 
•evaporation an indigo-blue salt is obtained, which on addition of water is reconverted 
into the brown-red modificiition. Finally, if tho mass be heated to fusion, a dark-blue 
lustrous mass is produced, which dissolves in water with a violet-blue colour ; aiid on 
removing the unutlackcd anthrarufin and adding hydrochloric acid, a yellowish-brown 
substance is obhiined which on sublimation yields small brown-red needles consisting 
of a trihydroxyanthraquinone or purpurin, which appears to differ 

from all the purpurins hitherto known ; it dissolves with indigo-bluo colour in potash, 
with violet colour in sulphuric acid. 

VU^tyl-anthraruJin, C**H®(C*H*0)'0^, obtainetl by heating anthrarufin at 200'" 
with glacial acetic acid, crystallises in yellow needles molting with decomposition at 
245° (8chunck a. Roemer), at 244° (Liebermaffn a. Rock). It is quite insoluble in 
potash-ley, very i^lightly soluble in alcohol, more freely in glacial acetic acid ; behaves 
with strong sulphuric acid like anthrarufin, and is reconverted into anAirarufin by 
boiling with potash. ^ 

KTBROUTBTKAirZXinrB, C«H“NO = C«H».NH(C*H<OH). OxethyUm- 
aniline (E. Dcmole, Ber. vi. 1024). — This compound is formed by adding aniline in 
molecular proportion to ethylene oxide in a well-coolcd tube, then sealing the tube, 
exposing it for a few hours to a temperature of 50°, and fractioning the product till a 
portion is obtained boiling between 279° and 282°. It is a liquid colourless when 
recently prepared, very slightly soluble in water, afcohol, and ether, en.silv in chloro- 
form. Its aqueous solution is coloured green by chloride of lime. wWhen pure it 
boils at 280°. 



ADDENDA. 


21G5 


nDROXSTBTXiTOKVZDnrs, C»H«NO = C^H^Nn(C-H<OH). Oxethylmc- 
toluidme (Demolo, Her, vii, 635 ; Liebig's Annalen, clxxviii. 123).- This base is pre- 
pared by heating molecular moportions of ethylene oxide and paratoluidine at 100° 
in a sealed flask. The product, subjected to fractional distillation, yields a liquid 
whfch boils at 286®-288°, and solidifies in dense tufts of white silky crystals melting 
at 37°, fuming yellpw on exposure to light, very soluble in alcohol, ether, chloroform, 
and benzene, soluble also in water. It is a strong base, yielding a deliquescent hydro- 
chlori(Je, and a platiuochloride which f»»rms brown not very regular crystals, and is 
not decomposed by boiling with water or alcohol - -a character by which it is dis- 
tinguished from the corresponding sdt of hydroxothylaniline. The oxalate forms 
small prismatic crystals or white tufts ; the weid sulphate crystallises in colourless 
prisms. ’ 

Methylhydroxethyltoluidine^ obtained by heating molecular proportions of hydrox- 
ethyltoluidino and methyl iodide in a scaled tube at 50°, is a fragrant uncrystallisable 
liquid ; its platiuochloride separates in tufts of red-brown very brittle crystals. Ey 
heating the monometliylated base with excess of methyl iodide at 1 00°, a liquid un- 
crystallisable iodide is obtained, which dissolves very readily in water and in alcohol, 
but is insohfl>lo in ether. When treated with silver oxide it gives up its iodine, and 
is converted into a strong base, the platinum salt of which forms hard, ruby-coloured, 
highly lustrous crystals, having the composition of dimethyl-toM-hydroxethylaumm- 
mum platincchloride, C-'H“N‘^OTtCl« «1(C1I»)=(C"11'XC“H^()H jktJlJ-'PtCE. With 
gold chloride very doli^te tufts are obtained, having a splendid yellow colour. 

Bihydroxethyllolumne, = is formed as a bye-pro- 

duct in the preparation of hydroxotliyltoluidine. It is a colourless, viscid, unciystal- 
lisable liquid, boiling without decomposition at 338°-#140° ; turns brown somewhat 
quickly in contact with tljo air; is less soluble in alcohol than the monohydroxethyl 
base. Its platinum salt is hlucli n^iro soluble in alcohol than that of the latter, and 
crystallises in shining ochre-yellow spangles. 

^ ZWZiZW, Lesemur a. Morello {Coirtpt, rend. Ixxxvii. 216) have pre- 

inulin from elecampane, dahlia, and chicory, and find, contrary to the statement 
of FerrouilJat and Savigny {ibid. Ixviii. 1571), that, from whatever source this substance 
is obtained, it is identical in chemical and physical properties. 

Inulin prepared in the same manner from elecampane, dahlia, and chicorj’, gave 
with Tiauront’s polariineter a rotatory power, [o]^ = —SC’oG, —36*57, —36*18 
respectively. Sodium inulate has a rotatory power r= —33°. Its acetic acid deriva- 
tives, obtained by the action of acetic anhydride, also correspond in character and 
composition ; compounds have been obtained of the formulae-' 

; onv'‘0%cm*Q’y ; 

Inulin also plays the part of a weak acid, forming with alkalis compounds which 
are soluble in water, but are precipitated tlierefrom by alcohol. These compounds 
aPe amorphous, viscid, and translucent ; they are unstable, as from their solution in 
wateP inulin is again precipitated on adding more water, or on passing carbon dioxide 
through the solution. • 

XiACTlC ACXBS, ZSOMEBXC. Wislicenus, from experiments on the lactic 
acid obtained from flesh (surcolactic acid), was led to regard it as a mixture of two 
acids, viz. paralactic acid, a dextrogyrate acid forming w’dl-cry stall ised salts, and 
ethylmeAactic acid., the mlts of which .show but little tendency to crystallise. Erlon- 
meyer, on the other hand, failed to obtain an ethylene-lactic acid from sarcolactic acid, 
finding indeed in the mother-liquors of zinc paralactato nothing but a small quantity 
of the zinc salt of ordinary lactic acid, together with a nitrogenous bfoy. In another 
preparation of zinc sarcolactate made according 'to Liebig’s airections (iii.,457j ho 
found that tho solution of that sult^fystallise<i to the last drop. Erlenmeyer also 
finds that ethylene-lactic acid, CH-'OH.CHlCOOir, prepired by the action of hydro- 
chloric acid or of c^iustic soda-ley on cthyleno-cyanhydrin, 0H‘''()H.CJr^.CN, is 
absolutely identical with the so-called hydracrylic acid (vii. 717) obtained by tho 
action of silver oxide on /S-iodopropionic acid, CH’‘*I.C^“.C()()II. Wislicenus regarded 
tho acids obtained by those two processes as isomeric, because he did not succeed in 
converting ethylene-lactic acid by the action of hydriodic acid into 3-iodopropionic 
acid; but Erleanmeyop finds that the etliyleno-lactic acid prepared from ethylene 
cyanhydrin is easily converted by this reaction into iB-iodopiopionic acid. It also 
yields the sparingly soluble zinc-calcium salt which is especially characteristic of 
hydracrylic acid, i 

It appearai tl^en, that there arc but two metameric modifications of lactic op 
hydroxypropionic acid, viz. : 
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CH*.CH(OH).COOH CH^OH).CH»COOH 

Ethylidene-laotic acid Ethylene-lactic acid 

The first of these is however susceptible of two isonr eric modifications ; one, the 
ordinary lactic acid of fermentation, being optically inachlve, while the other (8a];co- 
lactic or paralactic acid), obtained from flesh, is dextrogyrate. 

VO&WBOZVM. A metal occurring, according to Tellef Ifahl {Ber. 1G79, xii. 
1731), in a nickel-glance from the small island of Otero. It is found as a black 
sulphide, together with copper, in the precipitate formed by hydrogen sulphide, and 
may be easily separated from copper by dissolving the precipitate in hydrochloric 
acid and mixing the slightly acid solution with a largo quantity of water, whereupon 
the norwegium is precipitated as oxychloride. This metal is very similar to bismuth. 
Its specific gravity is 9*441, and atomic weight 145*95 for RO, or 218*93 for R^O*; 
melting point, 254^. Norwegium oxide, like bismuth oxide, is fusible and yields a 
metallic deposit before the blowpipe. The reactions of norwegium with potassium 
iodide, &c. are very much like those of bismuth. It is only in the reactions with 
alkalis and alkaline carbonates that any considerable difference between the two is 
to be observed, norwegium hydroxide being soluble in caustic potash and in a large 
excess of the airbonato of ammonium or sodium, whereas bismuth oxid^is sparingly 
soluble or insoluble therein. 

iOZOirs. Li(i^efactwn and Colour the Gaseous Slate , — When a gaseous 
mixture very rich in ozone, obtained by the action of electricity on oxygen at a very 
low temperature, was submitted to strong pressure at a tentperature of - 23®, an 
aizuro-blue colour appeared in the tube, ^*id as the pressure increased, the colour 
deepened, until, when the gas was under a pressure of several atmospheres, the colour 
had become indigo-blue. OnAhddcnly removing the pressur^ a momentary white 
mist was observed in the tube, indicating a condensation,^ to the liquid, or perhaps to 
the solid state. The blue colcmr is an essential character of ozone, and may be seen 
whenever a sufficient thickness of a mixture containijig it is viewed. Thus the oxygen 
issuing from Rertholot's i^Uent d'seharge apparatus exhibits a sky-blue colour when 
viewed through a column 1 meter long (Hautefeuille a. Chappuis, CompLtf^y, 
zci. 622). 

On the effect of Ozone on the Colour of the Atmospheres see Hartley {Chem, Soc, «7. 
1880, xzxix. 113). 

VBBirO&-DZAZZir8, or Azophenols (Weselsky a. Renedikt, Wien* Akad, 
Ber, [2 Abth.], Ixxvii. 773 ; Ber, xi. 398). 

Dlptaenol-dlazlns, C*HXOH).N=N.C*H*(OH). The ortho- andpam-compounds 
are formed by the action of melting potassium hydroxide on the corresponding nitro- 
phenols. Metanitrophcnol does not yield a diazin-compound. To prepare o-di- 
phenol-diazin, 5 g. orthonitrophenol are added to a four- or five-fold amount of 
potassium hydroxide melted with a small quantity of water, and the mixture, which 
has at first a red colour, due to the presence of potassium-o-nitrophenol, beconms 
dark green with metallic lustre, and begins to froth up strongly and give off amq^onia. 
The froth sinks rapidly, leaving a dark red melt, which is to be dissolved in water 
and supersaturated with dilute sulphuric acid ; and the yellow-brown flocks thereby 
separated are freed from undecomposed nitrophenol by washing with water, then 
pulverised and exhausted with boiling ether. On leaving the ether to evaporate, the 
diphenol-diazin remains, and may be purified by crystallisation from alcohol. 

Orthodiphenol-diazin is insoluble in water, dissolves in about 300 pts. cold alcohol, 
more freely in boiling alcohol, abundantly in ether, and crystallises from alcohol in 
anhydrous laminae having a golden lustre; it melts at 171^, and volatilises without 
decomposition, #hbliming in reddish-yellow needles. It dissolves in alkalis, forming 
reddish-yellow solutidns from which it is precipitated unaltered by acids. Its Uad 
salts G^^l^N^O'^^Pb, separates as a red anhydrous^ precipitate on mixing the alcoholic 
solution of lead acetate and o-diphenol-diazin. *The barium salts prepared by adding 
titrated solutions of caustic baryta to alcoholic solutions of the diphphol-diazin, 
crystallises after some time in wavellitic groups of needles having a splendid red 
colour. At 100^ it gives off itd water of crystallisation, and acquires a fine brown 
colour. Tetrabrom-odiphenol-diazins prepared like the corresponding para-compound 
(infra) by treating o- diphenol-diazin in ethereal solution with excess of bromine, 
crystallises in needles having a dark yellow colour and metallic lustre. When fused 
with potash it turns reddish-violet. 

^ Para-diphenol-diazin is formed: 1. When j^-nitrophenol In portions of 6 to 
10 grams is added to a five-fold quantity of potassium hydroxideifosed with a little 
water, and the mixture is heated till it ceases to froth, and assunjes. ft brown-violet 
colour. On saturating it with dilute sulphuric acid, crude jp-diphenol-diazin separates 
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in th6 form of a yellow scum, which is to be collected, dried, dissolved in ether, then 
freed by filtration from considerable quantities of gummy and carbonaceous substances, 
and the ether finally evaporated off. By repeated crystallisation from dilute 
alcohol, the jp-diphenol-diazisi is obtained in bent needles or compact grains having 
a^d-brown colour and mt>stly a steel-blue reflex. The product amounts to 30 per 
cent, of the calculated quantity. For purification it is dissolved in dilute potash-le^ 
precipitated by citrbonic acid, and reciystallised from dilute alcohol. 2. By the action 
of potassium-phenol on the nitrate of jj-diazophcnol : 

(bH)C‘HMf=:N.NO» + C^H^OK = NO^ + (0H)0*lI«.Nr=N.C‘H*(0H). 

To prepare ft, the solutions of 10 g. diozophonol nitrate in 200 c.c. irater and 7'22 g. 
potas^um-phenol arc mixed togetliir, whereupon the liquid quickly turns dark red 
and begins to deposit a resin. On filtering the liquid after twenty-four hours, and add * 
ing dilute sulphuric acid, a copious dark red crystalline procipitete is formed which 
may be partly purified by washing with cold water and agitation with dilute solution 
of sodium carbonate. The paradiphenol-diazin then remains undissolvod, and may be 
further purified by iigitation with ether, which dissolves it, evaporating off the ether, 
and recrystallising the residue from alcohol with the aid of animal charcoal. 

Paradiphenol-diazin is nearly insoluble in water, but dissolves readily in alcohol, 
ether, and benzene, and crystallises in light brown shining triclinic crystals, without 
metallic reflex. It melts at about 204®, and at the same temperature begins to 
decompose with strong intumesconco. * Its compounds with alkalis dissolve in water 
and in alcohol with splendid orange colour ; it has not yet been separated from theso 
solutions. The hariv/m salt, C*^H*N*^0*‘*Ba + 411*0, obtained by mixing an alcoholic 
solution of the diazin with the equivalent quantity of caustic baryta in aqueous solu- 
tion, forms yellow ciystallino granules which at 10^° give off their water and turn 
brown-red. The leM s^lt may be prepared in a similar manner. 

Tetrahromo-i^-diphenoi-diazin, C’‘lI"Br^N*0‘", is obtained by treating the diphenol- 
diazin dissolved in 60 pts. of e^or with an excess of bromine, as a granular substance 
which dissolves in benzene and crystallises therefrom i^ golften-yellow needles. It 
not dissolve without decomposition in potesh-ley, and when fused with excess of 
potassium hydroxide and a few drops of water, it yields a blue molt, which on ex- 
posure to the air becomes first violet and then red. 

SlXiXCOXr-STBTXi 8BBXBS. Compounds containing a double atom of silicon, 
Si=, and therefore analogous to ethane and its derivatives, have been prepared 
by Friedol a. Ladenburg {Ann. Chim, Phys, [6], xix. 390). The starting-point for 
the preparation of theso compounds is silicon iri-iodidc, Si*I®, which is prepared by 
heating silicon tetriodido with finely divided silver (reduced by zinc from moist silver 
chloride), in sealed tubes at 290°-300® for several hours. The contents of the tube 
are freed from unaltered tetriodido by repeated washing with small portions of dry 
carbon bisulphide ; a larger quantity of hot carbon bisulphide is then added, and the 
mixture filtered as rapidly jis possible out of contact with the moisture of tho air. On 
•cooling, the solution deposits small colourless hexsigonal prisms of Si'*l", which fume in 
mcist air, and dissolve in potash with evolution of hydrogen. Silicon tri-iodide may 
be fused in a vacuum, but decomposes partially at 250°. It winnot be distilled at 
atmospheric pressure or in a vabuum, but on heating it, a portion sublimes, and the 
remainder decomposes into the tetriodide and an orange-coloured substance which 
appears to be Sil*. 

Silicon tribromide, is obtfiined by adding an equivalent of bromine to a 

solution of the hexiomde in carbon bisulphide. It crystallises in rhombic plates, 
presenting the optical phenomena of biaxial crystals, and is therefore not isomorphous 
with the corresponding iodide. • 

Silicon trichloride, Si*Cl«, is obtained by gently heating*a mixture of |ilicon tri- 
iodide and mercuric chloride. T4p product is distilled off, rectified over mercuric 
chloride, and purified by fractional distillation. It is a colourless liquid, distilling 
between ,144° and 148°, and ciystallising at about -1° ; it fumes in the air, and is 
decomposed by water, with formation of a product which in great part dissolves in 
the acid liquid. All attempts to prepare this substance in the dry way by the action 
of silicon, silver, zinc, sodium, and hydrogen on silicon tetrachloride at a high tem- 
perature were unsuccessful. Troost a. Hautefeuille, however, have recently prepared 
Si*0F by the action of silicon tetrachloride on fused silicon, at a temperature at which 
porcelain begins to soften. 

Silico-oxalic hydroxide, H*.Si*0®.— When ciystals of silicon tribromide are intro- 
duced into ice-\rator, hydrogen is evolved, and a white substance deposited which, 
after drying in» a vacuum ^nd then at 100°, has a composition expressed by the 
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formula Treated with potash, it gives off hydrogen in theoretical proportion, 

and when burnt with.oxygog or heated iu the air, it doe imposes with ineandesceiice, 
leaving a residue of silica in the proportion required by the equation : H^Sr^O* + 0 » 
H^O -f 2SiO^ The air-dried substance contains 10*4 p^^r cent, water, the formula 
H*Si®0* + 211*0 requiring 1 2*8 per cent. The formation of silico* oxalic hydroxide may 
be explained by supposing that Si*(HO)* is drst produced, and then converted into 
Si*0*(H0)* by the loss of 2H*0. Although this substance is the chemical analogue 
of oxalic acid, it has no acid functions ; bases, even the most dilute, decompose it 
with evolution of hydrogen, just as oxalic acid under certain conditions is decomppsed 
by potash. Silico- oxalic hydroxide may also bo prepared by the action of silicon tri- 
iodide on absolute alcohol, the ethyl iodide, which is formed at the same time, being 
removed by distillation. „ « 

Silicon iriethide^ Si*(C*H*)*. — Silicon tri-iodide is added in small quantities to 
?inc-ethyl in the proportion of Si*I^ to 3Zn(C*iP)*. A'brisk reaction ensues, and a white 
substance is deposited. The product is distilled, the distillate washed with water to 
remove zinc-ethyl, agitated witli concentrated sulphuric acid (to remove a substance 
which appears to be the oxide of silicon-triethidc, vii. 1083), again washed with 
water, dried, and submitted to fractional diAtillation. The distillate boiling at 150°- 
154® is silicon tetrethide, that coming over between 250° and 253° is silicoS triethide, 
Si'*(C*fP)®. Silicon trietliide is a limpid, slightly oily liquid, with a faint odour 
ivsoinbling that of silicon tetrethide. It burns with a bright flame, producing clouds 
of silfba. Two vapouf-density determinations, made at about 300°, gave the numbers 
8*53 and 8-63, theory requiring 7*96. The excess was prol)ably due to the presence 
of the above-mentioned oxide of silicon-triethide. The density ortho liquid silicon tri- 
etliide is 0*8510 at 0°, 0*8403 at 20°, compared with water at 0° and 20° respectively. 

CH*.COv 

8VCCXWXMZBXS, C<H*NO-'= | >NH. This compeand, treated with 

Gip.ccy; 

bromine, yieldsdibromosuccinimide, which crystallises in rhpmbic prisms molting 

CBr.COv^ 

at 225°, together with brombfumSrimide, || \NH, melting at 150°-I52°,an<t- 

CILCO ^ ... 

another body, perhaps monobromosuccinimido, which melts at 105°-120°(Kisielinski, 
IVic/t. Acad Bar. [2 Abth.], Ixxiv. 561. 

SVCCZirvitiiMZBZ!, is obtained by evaporating the mixed solutions 

of potassium cyanato and asparagine : 

NH*.CO.Cn*CH(NH*).COOH + KCON + HCl 
« KOI + NH*.CO.Cfl*.CH(NH.CO.NH*)CO()U. 

It forms colourless prismatic crystals, sparingly soluble in water, nearly insoluble 
in ether and in alcohol. It melts at 137°-138°, decomposing at the same time, with 
formation- of amidomalylureide, which when evaporated down with hydrochloric 
acid of sp. gr. 1*12, yields malylureidic acid ; 

Nmco.cH«.CH<cO;^]^g no.co.cip.cH<co;^jj . 

Amidomalylureide Malylureidic acid 

(Guareschi, Gazz, Chim. ital, 1877, 404). 

SVCCZITYXi-SVCCnnC ACZB, C^H*0*. The diothylic ether of this acid, 

CH*.CO.CH.CO.OC*l[» 

- I I 

CH2.00.CTI.CO.OC*II» 

which Fehling obtsSned by the action of potassium on diethylic succinate, regarding it 
however as CJ®IPO* (v. 4\>3), has been further examined by F. Herrmann {Ber, vii. 
1039). Jt m neutral, insoluble in water, but disso^es in alcohol, other and bonzooo, 
forming solutions which exhibit a splendid light mue fluorescence, and separates in 
large light-yellowish triclinic crystals melting at 126°-127°, On the crystalline form 
see Arzruni {Zeitschr. KryaU i. 449). 

Alcoholic potash added to its alcoholic solution throws down the monopotassium 
compound^ which, when treated with excess of potash, is converted into the 

dipotaasium-compound, which has a splendid orange colour, and forms a 

yellow solution in water. This solution is very unstable, but when recently prepared 
gives with magnesium salts a purple precipitate of the magnesium-compound 
CH*.CO.O.CO.OC*H» 

\Mg + 2II‘0, ^ ^ 

CIP.CO.C.CO.OC'H* 
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\rhich gives ofT water and turns yellow at 80®, but recovers its original colour when 
drenched with water. 

Ira Remsen {Ber. viii. 1408) has also obtained this magnesium compound^ but not 
in the pure state, by boilipg the ether, with magnesia. He describes this 

Ollier as crystallising in flat neodlts with a tinge of yellow, and melting at 128°. By 
adding an alcoholic solution of soda to a solution of the ether in alcohol, or by the 
action of sodium-amalgam on the latter, he obtained immediately a fine red bulky pre- 
cipit||to made up of microscopic needles, which, after washing and drying (whereupon 
it turned yellow), had the composition of the sodium-salt, C'-^fl^^Na ’O® + This 

sodium-comi^ound is very soluble in water, and hydrochloric acid added to the solution 
thrown down the original ether. Hho. harium compound, 0'‘-H>*J3a0«+ H*0, is obtained 
in like manner as a precipitate, having a fine rose-red colour, and turning yellow on 
drying. It is not decomposed by boiling with water or alcohol. With lime-water, 
the lemon-yellow cakiumrcompmimi, C'2H*^CaO« + H*(), is obtained. The ether, 
C‘’*H*^(C*IP)*0®, is not attacked by acetyl chloride, ammonia, or nascent hydrogen ; it 
is very slowly oxidised by potassium permanganate and by nitric acid ; decomposed 
by water at 150°. Remsen does not consider that the constitutional formula proposed 
by Wislicc|ius for the acid, is satisfactorily established. 

Action of Alkalis on BlethyUo Succlnylsucclnate (Hermann, Ber. 
X. 107). The mode of action of alkahs on this ether varies accordingly as i takes 
place in presence or absence of air. • • • 

I. In absence of ajf. — 1. When the yellow alkaline solution is left for two hours, 
the undocomposed ether then precipitate^d by carbon dioxide, and the filtered liquid 
acidified with acetic acid, there is thrown down a crystalline greenish-white powder, 
which is sparingly soluble in cold alcohol, ether, ari cold water. Neutral solutions 
of this body are cox^urpd deep violet by ferric chloride. It melts at 98°, evolving 
carbon dioxide, to a pale >Vllow Jlqiiid, which does not solidify, and is readily decom- 
posed by boiling water, with copious evolution of carbon dioxide. According to 
analysis the substance is mmethylic succinylsuccina^e, having 8he formula — 

• CH*-CO~CH.COOC*H» 

in'-co— ()]i.coon 

TJhis formula is supported by the facts that the substance yields alcohol when 
heated with potash, and that it gives off at 100° a quantity of carbon dioaide agreeing 
with the following equation, thus yielding ethylic succinylpropionaie : — 

ern- CO-CII.COOCW CH*— CO— CH.COOCTH 

I I = CO* + I I 

cip—co— cii.coon CH*— CO - cu* 

Tlie last product is an oily liquid of intensely bitter taste and faint odour, dis- 
solving easily in alcohol ahd other, and sparingly in cold water. Its solutions are 
Coloured a pure violet by ferric chloride. 

In the liquid filtered from monothylic succinylsuccinato, dilute sulphuric acid 
proiluces a yellowish-white, crystalline precipitate having an acid reaction, sparingly 
soluble in cold water, more freely in alcohol and ether. The solutions are coloured 
violet by ferric chloride. This substance is rojulily decomposed by boiling water, 
evolving carbon dioxide. It is rogfinled by Hermann as s?tccinyl.mccinic add, 

3. The liquid from p'hich the preceding substances have been separated contains 
yet another decomposition-product, which has not been isolated. 

II. In presence of air the decomposition described above is accompanied by absorp- 
tion of oxygen, in consequence of which there is formed, besides tht? foregoing decom- 
position-pnjducts, an acid which crystal lisos from boiling watef in pale yellowy hair-like 
needles. This body dissolves vory^ easily in alcohol, ether, and boiling water, the 
solutions exhibiting a greenish fluorosconee, aud giving a deep blue colour with ferric 
chloride. , When cautiously fused with potash and afterwards acidified with sulphuric 
acid, it evolves carbon dioxide, and yields quinol. brora these reactions, and th»* 
numbers obtained by analysis, it is inferred that the substance is guinol-dicarboxylic 
acid, C«0*H‘(COOH)* 

VXlTTXi-TOXiUXDXirsS, C®ir"N, which Wurtz obtained by heating toluidine 
with ethylene chlorhydrin (vi. 1105), is also produced in small quantity by heating 
hydroxethylene-toluidino (p. 2165) for two or three hours at 280° in contact with the 
air : C*H>*NO * C®H“N + 11*0. , It is very slightly soluble in alcohol ; crystallises from 
benzene in somewhat irregular nacreous crystals ; melts at 189°-190°. The same 
compound is formed by the distillation of hydroxethylene-toluidine oxalate, and as a 
secondary product (passing over at about 360°) in the preparation of hydroxethylene- 
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tolttidine. In this last case the. product also contains a substance molting at 155^- 
160^, the chemical nature of Avhich has not yet been made out; it exhibits strong 
basic properties, and forms a hydrochloride which crystalhses in needles. 

Vinyl-toluidine, heated at 100" with methyl yields the compound 

1 N*,CH*I, which separates from alcoholic solution in sjplendid dark-i^ed 

crystals, yielding a nearly colourless powder. It is not attacked by caustic potash, 
but moist silver oxide decomposes it, with separation of silver iodide, and forii|^tion 
of a very strong base. From the reaction of vinyl-toluidine with methyl iodide, 
Demole infers that it has the constitution of a tertiary base, • 
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On p. 15l»7, ut fuut, for paragraph on Fcrthlocjanic Acid, read as under 

PfiRTHZOCTAX'OOBXr or PSBUBOTBZOCTAXTOOBXr, This, and 

nt)t jin-thiocyanie acid^ is the substance on which the cxiieriments of Fonomarefl (p. 60C) were nyuie. 
The formula of perthiocyanic acid is CHIN’S* (Atkinson). Fonomarefl finds by further experiments 
{Compt. rend. Ixxx. 1398) that perthiocyanic acid, heated witli ammonia to a teu^fcrature not 
exceeding 100*’ (in his former experiments the heat was raised to ISO'^-ISO^;, yields a compound, 
wliioh he designates as thiamelline, together with thiomclanurenic acid, 
Thiammeline is a white sandy powder which dissolves in 146*pt8. of boiling water, and wdion heated 
wiUi potash gives off ammonia and yields cyniiutc and thiocyanate of potassium. Hot strong 
hydrochloric add resolves it into hydrogen sulphide, sal-ammoniac, and cyanuric acid. ■ Nitric acid 
oxidises it to ammeline nitl'ate. Heated with ammonia, it yields a body having the properties of 
melamine. Thiammeline dissolves in acids and alkalis, and forms precipitates with the siUts of the 
heavy metals. On the composition of pseudotiducyanogen see furtlier ])age 1697. 
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The apjpearanco oj a seventh volnino, being the first part of a 
tmrd Hupplement tQ Mr. Henri Watts’s valuable Dictionary of 
Cnomistry, will serve to remind tbe studious of the marvellously 
rapid •progress of chemical science in recent years. This first in- 
stalment o^t the supplement is a solid volume of upwards of 800 
pages, entirely devoted, as were the previous two supplements, to 
recent dij^overies, which arc explained concisely under the old 
alphabetical arrangement. SThus the record of chemical discovery 
is brought or rather will be brought when the second volume is 
published — down to the year 1877, including, however, some of the 
more important ^ discoveries which have appeared in 1878. The 
‘ labours of the Editor and his contributors of course lie chiefly in 
methodising, arranging, and reducing to the most concise form the 
results or experiment and investigation, English and foreign ; but 
many of the articles embody the fruits of original research. Among 
the most curious as well as pracMcally valuable artioles in the pfesent 
volume is that on contributed by Professor E. T. Tifokpe.’ 

• Daily News. 

‘ Waits’s Dictionary is well known to rjl who take any interest in 
chemical science^ .T;he second supplement was published in 1875, 
and the contributions to chemical literature have been so great since 
that time that it is found •necessary to issue the tjiird supplement in 
^wc 4 parts instead of one, as has been th6 casd usually. In chemical 
pBilosophy one of the most important articles is by Dr. Mflls on 
cvmnlative resolution^ a term proposed by the author as referring to the 
com])ination of a substance with itself after a certain portion has been 
withdrawn. Thus the compound known as magistery of bismuth is 
obtained by adding water to the nitrate of bismutli, when a precipitate 
is formed containing a portion of the metal. If more water be added, a 
further precipitate is obtained containing a larger portion of the metal. 
The ordinary law of multiple proportion is inadequate to explain the 
series of changes ; but cumulative resolution gives the mathematical law 
jjoverning the change* An article on Flame, by Professor Thorpe, 
IS £/n important one, giving as it does the most recent views of 
chemists and physicists as to the source of luminosity in flames. ^ Of 
articles relating to agriculture, there is one by Mr. R. Warington, on 
barley, in which various analyses of the plant arc given. Particular 
reference is made to experiments by Lawes and Gilbert, and, after 
giving some tabular statements, the following passage occurs : — “ The 
results quoted above teach us that with barley, as with other cereals, 
the ordinary supply of combined nitrogen from the atn'iosphere is quite 
insufficient for vigorous growth, and that to rnaif/tain crops (jf average 
luxuriance, nitrogenous manures are indispensable. The atmospheric 
supply of carbon is, on the other hand, quite sufficient for the crop.” 
The article on Forest Trees, by the same contribuior, contains very 
elaborate tables, showing the composition ef diilorcnt trees, the quantity 
of materials, removed from an acre of soil by forest trees, &c. Other 
important articles, of whir*h we have only room to give tlio titles, are 
Analiiie Colours, Arsenic, Benzenes, Butter, Chemical Action, Chloro- 
phyll, Coal Gas, Dye Stuffs, Electricity, Ferments. In concluding this 
notice wo must refer to the great value of the work to chemists, and 
may bo ailoi^ed, perhaps, to express a hope that other branches of 
science will some day have their dictionaries modelled on the plan of 
Mr. Watts’s encycloprodic and invaluable work.’ 
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